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Abstract

This paper explores the determinants of occupational sorting by focusing on an important mechanism:

barriers to human capital. I exploit the 1972 passage of Title IX, which banned gender discrimination

in graduate school admissions, to get causal estimates on female occupational choice. I accomplish

this in two steps. First, I use a difference-in-differences methodology to test whether barriers to higher

education influenced female educational choice. I find that females who were affected by Title IX were

3.4-6.5 percent more likely to study business, health, and law compared to females who were not affected

by Title IX. Moreover, Title IX had differential effects by gender parity. Second, I use a novel metric

to measure the change in the distribution of an unordered categorical variable. With this, I am able to

estimate the effect of the female-male convergence in graduate field on the female-male convergence in

occupation. I find that a 1 percent convergence in graduate field leads to a 1.25 percent convergence in

occupation. This effect is driven by convergence in specialized fields, which are closely related to a specific

occupation. The results also suggest that females are more likely than males to pursue generalized fields.
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1 Introduction

A phenomenon that has been extensively documented is the convergence in the U.S. occupational distribution

between men and women over the past 50 years. Between 1960 and 2000, the share of male lawyers has

decreased by nearly 30 percent from 96 percent to 68 percent. The share of male doctors decreased from 94

percent to 72 percent. Similar changes have occurred amongly other high-skilled occupations.1 Of particular

interest to economists is the reason behind this convergence. There is a long and exhaustive literature

examining the growth in female labor force participation. Much of this literature focuses on the demand

factors, specifically the decreasing gender wage gap (Heckman and Sedlacek, 1985; Smith and Ward, 1985,

1989; Blau and Kahn, 1997, 2000, 2006; Black and Juhn, 2000; Mulligan and Rubinstein, 2008). Less work

has been done on the supply factors with most of them focusing on the fertility consequences of labor force

participation (Goldin 1988, 1990; Angrist and Evans, 1998; Goldin and Katz, 2002; Bailey 2006). This paper

provides evidence that another supply factor, barriers to graduate higher education, played a significant role

in females’ occupational choices. My research differs from previous supply-factor research in that it focuses

on graduate higher education, specifically graduate field of study. Moreover, I am interested in the intensive

margin of occupational choice rather than the extensive margin of entering the labor force.

If innate ability for highly-skilled professions does not differ between gender (not an implausible as-

sumption), then the occupational convergence suggests that females were not pursuing their comparative

advantage back in 1960. There are several explanations for this, the most commonly known being the ex-

istence of barriers that prevented females from pursuing their comparative advantage. These barriers can

be classified into two broad categories. The first are those that exist in the workplace and deter females

from entering certain occupations. Goldin (1988) talks about “marriage bars”, a tactic employed by firms

and school boards to not hire married women and fire any single women who marry. The second category

consists of ones that prevent females from obtaining the necessary human capital in order to enter certain

occupations. For example, there may be fewer female lawyers because law schools favor male applicants over

female applicants regardless of their qualifications. This paper explores the second type of barrier.

At first blush, there appears to merit to the hypothesis that occupational convergence stemmed in part

from female educational choices. Figures 1A and 1B plot the distributions of occupations for males and

females in 1970 and 2000. The occupations are roughly ordered by decreasing level of skill. There is

convergence across all occupations, but more so among highly-skilled occupations. Figures 2A and 2B plot

the distributions of graduate fields of study for men and women during the same time period. Here, the

convergence is much clearer, especially in business, health, and legal professions.

1These statistics are based off the Census IPUMS 5 percent samples for years 1960 and 2000. See also Figures 1A and 1B.
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To test this hypothesis, I use the exogenous passage of Title IX as a proxy for the removal of barriers to

obtaining human capital. Title IX was passed in 1972 and banned gender discrimination in graduate school

admissions, as well as other areas of education. The scarcity of empirical evidence on the impact of Title IX

attests to the difficulty of identification. First, Title IX is a national policy, making it difficult to find useful

variation to estimate a causal impact. Second, the 1972 passage of Title IX corresponded with the women’s

movement, the introduction of the birth control pill, and the legalization of abortion. These events may

have had comparable effects on female’s educational and labor market decisions. Perhaps for this reason,

most of the work on Title IX look at its impact on high school athletics; Stevenson (2010) finds that Title

IX had a significant and positive impact on female college attendance and labor force participation through

participation in high school sports. This paper examines the impact of Title IX on occupational choice, a

previously under-studied area in the literature. I do this in two parts. The first part is the educational

choice analysis that looks at how the removal of barriers to graduate education affected female’s graduate

field of study. The second part of my analysis is the occupation distributional analysis that looks at how the

removal of barrers affected the distribution of female occupational choice.

For the educational choice analysis, I use difference-in-differences (DID) methodology to test whether

barriers to higher education influenced female educational choices, an important mechanism in occupational

sorting. I find that Title IX reduced the female-male gap in legal, health, and business degrees by 3.4 to

6.5 percentage-points, accounting for 16 to 23 percent of the female share growth in these fields of study.

These results hold even after controlling for the introduction of the birth control pill and the legalization of

abortion. Second, I show that there are differential effects of Title IX by gender parity in the field. If there

indeed were barriers-to-entry to specific fields, then the removal of these barriers would have larger effects in

fields where females faced high barriers relative to those where females were already well-represented. I find

that low female share in particular fields was due to barriers-to-entry and also female preferences. Third,

my placebo test on foreign graduate students shows that my results are not spurious.

The occupation distributional analysis examines the extent to which the female-male convergence in

occupation is due to the female-male convergence in graduate fields of study. Using the earth mover’s

distance (EMD) algorithm, a metric used in computer science for image retrieval, I am able to obtain a

measure of the convergence in occupation and graduate fields. This is an important application as unordered

categorical variables make distributional analysis very difficult. Using Title IX as an exogenous shock to

the female graduate field distribution (as validated by the first part of my analysis), I find that a 1 percent

convergence in graduate field leads to a 1.25 percent convergence in occupation. This is driven by convergence

in “specialized” fields, which are closely tied to a particular occupation. The results also suggest that females

are more likely than males to enter “generalized” fields.
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It is important to stress that my explanation is not the only one in explaining the growth in female labor

force participation. But on the whole, I do believe my results are strongly suggestive of the important role

that human capital access plays in occupational sorting. The rest of my paper is organized as follows: Section

2 details a short history of Title IX, and Section 3 sets up the theoretical framework of this paper. Section 4

describes the data and trends in graduate fields of study by gender. Section 5 outlines the empirical strategy

and results of the first half of my analysis: the effect of Title IX on educational choice. Section 6 describes

the earth mover’s distance metric and the results of distributional analysis. Section 7 concludes.

2 A History of Title IX

2.1 Title IX

The 1965 Presidential Executive Order 11246 (prohibiting federal contractors from discrimination in employ-

ment based on race, color, religion, or national origina) was the impetus of Title IX. It was amended in 1968

to include sex and was used by Bernice R. Sandler, then a part-time lecturer at the University of Maryland,

to argue that sex discrimination in employment at universities and colleges still existed. This spurred action

by Congress, and on June 23, 1972, Title IX of the Education Amendments of 1972 was signed into law.

Title IX mandated that:

No person in the United States shall, on the basis of sex, be excluded from participation in, be

denied the benefits of, or be subjected to discrimination under any education program or activity

receiving Federal financial assistance.

The law covered many aspects of education discrimination, but in regards to admissions, Title IX applied

specifically to “institutions of vocational education, professional education, and graduate higher education,

and to public institutions of undergraduate higher education.” This law came at a time when women faced

substantial inequality in education. Elite colleges and universities had quotas for the admission of women,

and women often needed higher test scores and grades than their male peers to be admitted. Once admitted,

females were excluded from fields of study that were stereotypically “male”, such as medicine (Valentin

1997).

Although Title IX was aimed at explicitly increasing gender equality in education, whether it had any

real impact is still an open question. Table 1 presents prima facie evidence of Title IX’s impact on medical

school applications. Although the number of female applicants increased each year, the largest increase is

in the academic year 1972-1973, the year after Title IX was passed. More importantly, male applications

dropped drastically from 6-7 percent to a stagnant 1 percent, on average, after Title IX.
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More generally, Figure 3 shows that there indeed was an increase in female graduate degrees, relative

to male’s. The dashed, red line indicates the year that Title IX was passed. Before the treatment period,

1971-1973, males were differentially more likely than females to have a graduate degree, all else equal. But

after Title IX, the sign flips and now females are differentially more likely to have a graduate degree. This

result accounts for demographic factors and time-related changes and is statistically significant at the 1

percent level.

It is important to note that Title IX came at a time when women’s rights were greatly expanding. This

is evidenced by a noticable time trend in Figure 3. Indeed, the birth control pill was introduced in 1960,

giving women a lot more freedom in their career choices. The 1964 Civil Rights Act outlawed discrimination

in sex as well as race, religion, and national origin. Roe v. Wade, the 1973 Supreme Court case, gave women

the right to have an abortion. To complement Title IX, which used sanctions for non-compliance with

gender-equity legislation, the Women’s Equity Education Act (WEEA) was passed in 1974 and provided

incentives and guidance to schools and community groups to achieve gender equality.2 I need to control for

these other events in order to obtain an estimate of the sole impact of Title IX on female educational choices.

In the remaining sections of this paper, I seek to provide compelling evidence that there was indeed a causal

impact.

3 Theoretical Framework and Empirical Implications

The theoretical framework is a simple model of educational choice in which an individual’s decision to pursue

a particular graduate degree is conditional on her acceptance to the program and her preferences, among

other factors. Preferences has a positive relationship with an individual’s likelihood to obtain a graduate

degree, whereas barriers-to-entry has a negative relationship. My main research question in the educational

choice analysis focuses on the comparative static with respect to barriers-to-entry: how does an exogenous

shock to female acceptance rates affect female graduate degrees? Also of interest is the cross-partial between

these two factors, which I assume to be zero. If a person has a strong distaste for studying medicine, then

high discrimination in medical school admissions will not have an effect on her decision to attend medical

school. This assumption implies the following empirical observations:

Hypothesis 1. If there is low female representation in a field due to preferences, then a removal of barriers

to graduate school admissions will not affect female share of graduate degrees in that field.

Hypothesis 2. If there is low female representation in a field due to barriers, then a removal of barriers to

graduate school admissions will increase female share of graduate degrees in that field.

2A timeline of relevant historic events is summarized in Appendix A.
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Corollary 1. The increase in female share will be larger in fields with higher barriers to entry, where females

are severely under-represented.

An individual’s decision to enter a particular occupation is also a complex one driven by many factors,

of which I focus on the graduate degree. The importance of a graduate degree is better understood when

looking at “specialized” fields that prepare individuals for a specific career. Examples of specialized fields

are medical and law degrees. The mapping from degree to occupation can be categorized into two broad

theories: at one extreme is a specialization theory that states that each field has a unique, 1:1 mapping to an

occupation. At the other end is a generalization theory that states that a field can lead to any occupation.

The empirical implications are as follows:

Hypothesis 3. Convergence among specialized fields will see greater effect on occupations.

Hypothesis 4. Convergence among generalized fields will see smaller (or no) effect on occupations.

Hypothesis 5. Convergence among graduate fields will see greater effect on high-skilled occupations.

Hypothesis 6. Convergence among graduate fields will see smaller (or no) effect on low-skilled occupations.

My occupation distributional analysis builds upon the educational choice analysis. If Title IX had a

significant impact on female field of study, then it is plausible that the convergence in graduate field resulted

in occupational convergence. Although the main focus of my occupation distributional analysis is to estimate

this causal effect, I also test the empirical implications of the theoretical framework.

4 Data Summary

One of the challenges of studying the impact of Title IX on academic outcomes is the dearth of large-scale

datasets that record detailed education data from the 1960s. The National Survey of College Graduates

(NSCG) is a longitudinal, biennial survey of U.S. college graduates that began in the 1970s. I use data from

the 1993 survey, which surveyed all non-institutionalized, U.S. individuals under the age of 73 with at least

a bachelor’s degree as of 1993. The individuals who lived through Title IX would have been roughly 40-50

years old in 1993 and, therefore, in this dataset. Most importantly, the 1993 survey is the first of its kind to

ask about field of study.

The survey asks respondents to report their field of study and year of degree for their (1) bachelor’s

degree, (2) highest degree, and (3) most recent degree. I classify graduate school as any degree other than

a bachelor’s degree. This includes master’s degrees, professional degrees, and doctoral degrees. All results

reported in this paper use data on the most recent degree. There are 255 reported fields of study in the
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NSCG data. I consolidate these into 28 main fields, as categorized by the 2010 Classification of Instructional

Programs (CIP).3

Table 2 provides a sense of the status of education before Title IX. In 1961, there were about 1.5 more

male BAs than female BAs. Similarly, in 1965, there were twice as many males obtaining graduate degrees,

relative to females. In 1990, however, there is a shift and females attended graduate school in higher numbers

than males. Second, education is the most popular graduate field of study for both males and females in

1965. But whereas nearly half of all females in graduate school are in education, only 20 percent of males

chose that field. In other words, males were more evenly distributed across fields in graduate school whereas

females were clumped in education.

The next two most popular graduate fields for men are health, at 13.5 percent, and legal professions, at

12.7 percent. By contrast, only 8.6 percent of females are in medical school and one percent are in law school

in 1965. The disparity between male and female educational choices becomes starker when we consider

undergraduate majors. In 1961, back when these graduate students were in college, 9.3 percent of female

BAs studied health but only 4 percent of males did so. However, males made up 78 percent of medical

degrees in 1965. Men were severely over-represented in medical school.

Figure 4 plots the growth rate from 1972 to 1980 for all 28 graduate fields of study. There are majors that

were popular (Architecture) or unpopular (English) for both males and females. But some fields became

differentially more appealing to females. Female engineering degrees grew by over 1000 percent compared

to a 21 percent decrease for males. Female business degrees grew by nearly 1200 percent compared to a 12

percent growth for males. More interesting, however, is that the fields that experienced the greatest growth

between 1972-1980 are mainly fields that were unpopular with females. The black dot indicates a field with

less than 1 percent of all female graduate degrees in 1960 or 1965.4 The fields with the largest female growth

rates are mainly these fields: Agriculture, Business, Engineering, Legal Professions, Natural Resources, and

Physical Sciences. If there indeed were barriers-to-entry for certain fields, I would expect the largest growth

in female degrees to be in these fields, after the removal of these barriers.

I use the 1965-2014 Current Population Survey (CPS) March Supplement for occupation data. The CPS

March Supplement, an annual supplement to the monthly CPS, is jointly collected by the Bureau of Labor

Statistics and the Census Bureau. The main CPS uses a probability selected sample of about 60,000 occupied

households and surveys non-institutionalized individuals not in the Armed Forces above the age of 15. It

is the primary source of labor force statistics for the United States, whereas the March Supplement asks

3CIP was originally developed in 1980 by the U.S. Department of Education’s National Center for Education Statistics for
the purpose of accurate tracking, assessment, and reporting of fields of study. Please see the online appendix for the crosswalk
between NSC 1993 reported field of study and the 2010 CIP major code.

4Of all the female graduate degrees in 1960 or 1965, less than 1 percent of them are in these fields.
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detailed on education attainment, work experience, and specific labor market outcomes over the previous

calendar year. I reclassify reported occupations from the March Supplement into a balanced panel using

Dorn’s crosswalk (2009). This is important because occupations have changed greatly since the 1960s. Then,

I consolidate the balanced occupations into 56 major occupation categories.

5 Title IX and Female Educational Choice

5.1 Empirical Strategy

I use a standard DID for my educational choice analysis, using the passage of Title IX as a proxy for the

dissolution of barriers to obtaining human capital for females. Title IX applied to both public undergraduate

schools and all graduate schools, but my analysis focuses on graduate school admissions. The reason for this is

two-fold. First, my data are, unfortunately, unable to differentiate between private and public undergraduate

universities. Second, I am interested in the determinants of the female-male occupational convergence that

was mainly concentrated in highly-skilled occupations. I am also interested in the mapping from education

to occupation, wihch is tighter for graduate degrees than it is for undergraduate degrees.

My DID strategy compares the female-male difference in specific graduate degrees between birth cohorts.

The DID by birth cohort takes into consideration that individuals make education-related decisions at

particular points in their life-cycle, and is, therefore, a cleaner comparison of similarly-aged individuals than

a DID by time. Furthermore, I only consider graduate degrees obtained between the ages of 18 and 30 for

both cohorts.5

Specifically, I compare individuals who were too old to be affected by Title IX to those who were affected

by Title IX. I define those affected by Title IX as those who were born between the years 1956-1961 (“post-

cohort”) and those who were not affected by Title IX as those who were born between the years 1944-1948

(“pre-cohort”). Those in the post-cohort were 11-16 years old in 1972 when Title IX passed, whereas those

in the pre-cohort were 24-28. The reason I choose cohorts slightly apart is to allow time for Title IX to

have an impact on graduate degrees. Most graduate decisions are not randomly determined; the field is

very closely related to the undergraduate major. For example, it is unusual for an art history major to

pursue a medical degree. Therefore, by opening up choices in graduate school, Title IX also affected female

educational choices at the undergraduate level. To account for this change, my post-cohort is eight years

older than my pre-cohort.

Individuals in the pre-cohort would have graduated from college and made their graduate school choices

5I chose age 30 as an arbitrary cutoff age as most graduate degrees are obtained by then.

7



by the time Title IX was passed. But it is possible that pre-cohort females attended graduate school after

Title IX was passed. If this occurred, the female share of graduate degrees in my pre-cohort would be

higher than otherwise, making it difficult to see a positive effect since I am comparing female degrees in the

post-cohort to female degrees in the pre-cohort. Therefore, the fact that I find a positive, significant result

only makes my findings stronger.

The regression model is as follows:

Yisct = αisct + δiFi + ηiPi + βiFiPi + γisXis + µcCisct + τtTisct + εisct (1)

where i indexes individuals, s indexes state of birth, c indexes the year of birth, and t indexes year of the

degree. Dummy variable Yisct denotes graduate degree in a particular field. For example, Yist is equal to 1

if individual i received a graduate degree in Business Management in year t. Fi is a dummy variable equal

to 1 if individual i is female; Pi is a dummy variable equal to 1 if the individual is in the post-cohort and

equal to 0 if the individual is in the pre-cohort; Xic are demographic controls; µc are the coefficients on the

year-of-birth dummies; τt are coefficients on the year-of-degree dummies. The coefficient of interest is βi.

This is the average female-male difference in educational outcomes between birth cohorts affected by Title

IX and those not affected by Title IX. In other words, if Title IX had a positive impact on female decisions

to get an MBA, then βi will be positive and statisically significant.

5.2 Results

5.2.1 The Pill

Because the 1970s was a time of great social change, it is difficult to ascertain whether the sign flip we see

in Figure 3 is due purely to Title IX or some other event that was happening around the same time. One

major event that may cause issues is the birth control pill. The introduction of the birth control pill in 1960

was a very important milestone in advancing female rights and civil liberties. The pill not only gave women

sexual freedom, but it also lowered the cost of making long-term career investments. With greater certainty

over the pregnancy consequences of sex, women no longer needed to worry about an unintended pregnancy

interrupting their education or career.

Although the pill came out long before Title IX was passed (12 years prior, to be exact), it was first

available only to married women at or above the age of majority. Therefore, young, single women still in

school or wanting to attend graduate school did not have access to the pill if they were under the age of

majority (Goldin and Katz 2002). The concern is that females in my pre-cohort would not have access to the

pill whereas females in my post-cohort would, thereby convoluting the impact of Title IX with the impact of
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the pill. To address this concern, I restrict my analysis to states where age of majority was younger than 20

years old in 1971.6 During the late 1960s, several states lowered their age of majority. If these changes were

related to fertility concerns or educational equity, then I would not be able to use this variation across states

to address the problem caused by the birth control pill. Luckily, the legal changes came about mainly in

response to the discrepancy in minor’s rights highlighted by the ongoing Vietnam War. Specifically, 18-year

old men were being drafted but were not allowed to vote until they were 21 (Paul, Pilpel, and Wechsler

1974).

There are 18 states where single females below 20 were able to obtain the birth control pill in 1971,

before Title IX was passed. By restricting my data sample to these states, I am allowing for all females in

my analysis sample to have access to the pill. Now, the DID estimate will be the sole effect of Title IX.

More importantly, females in these 18 states had access to the pill while they were in college. If access to

the birth control pill were to affect females’ decisions on graduate field of study, it would have an impact

at both the undergraduate and graduate level. A college-aged woman who wants to attend medical school

not only cannot get pregnant during medical school, but also during undergraduate so that she can actually

attend medical school.

One question is whether access to the pill equates to usage of the pill; just because females were able to

obtain the pill does not mean that they actually took it. Goldin and Katz (2002) find that states with less

restrictive laws had greater pill use by young unmarried women, which is what would be expected if females

were taking the pill. Moreover, they argue that the pill diffused rapidly among single women after they were

able to obtain it. Therefore, there should be no delayed effect that could potentially confound my results by

overlapping with the timing of Title IX.

Table 3 lists the results for selected fields of study, specifically the four fields whose pre-treatment trends

satisfy the common trends assumption.7 Figures 5ABC graph the pre-trends for these four fields. Table 3

reports regression results. After controlling for the pill, demographic factors, and time fixed effects, I find

that Title IX increased female MBAs by nearly 7 percentage points. Compared to the pre-cohort’s mean

female share in business school, 6.8 percent, this is an effect size of 103 percent. Health and legal professions

also experienced large effects. Title IX led to a statistically significant 6 percent increase in female MDs and

a statistically significant 4 percent increase in female JDs. In education, where nearly half of the graduate

students were female, Title IX resulted in a 1 percent increase in female graduates.

To understand the magnitude of these effects, consider the overall increase in female share in these fields.

The share of female MBAs increased by 25 percentage-points between the pre-cohort and the post-cohort,

6Appendix B lists the age of majority from 1969 to 1974 for all 50 states and DC.
7The full set of results are in Appendix Table 3. Results for the base analysis, not controlling for the pill or Roe v. Wade,

are in Appendix Table 2.
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from 7 percent to 31.9 percent, respectively. Title IX explains 28 (= 7/25) percent of the 25 percentage-point

growth in female MBAs. The share of female doctors increased by 25.6 percentage-points between the two

cohorts, from 17.9 percent to 43.5 percent. Title IX explains 24 percent of that increase in female MDs.

Female lawyers increased from 9.7 percent in the pre-cohort to 30.6 percent in the post-cohort,nearly a 21

percentage point increase. Title IX explains 19 percent of the increase. In education, Title IX explains only

3.8 percent of the increase in female graduate degrees.

5.2.2 Roe v. Wade

Another potential confounding event is the 1973 landmark U.S. Supreme Court case Roe v. Wade that

legalized abortions. Just as the birth control pill lowered the cost of long-term investments for women, Roe

v. Wade gave women more choice and control over their lives. If a woman became pregnant while in college

or graduate school, she would have had no choice but to drop out of her program. Therefore, by allowing

females to terminate their pregnancies, we would expect Roe v. Wade to increase the number of female

graduates. Any positive, significant effects I see in my analysis, therefore, would be due to both Roe v.

Wade and Title IX, assuming I am already controlling for the pill. I would need to properly control for Roe

v. Wade to get a causal estimate of the sole impact of Title IX on female graduate degrees.

Although abortions were legal in the United States, it was still not easy for a pregnant female to obtain

one. This is because of the prevailing social attitude at the time. Prior to Roe v. Wade, only four states

had legalized abortion. It was illegal in 30 states with no exceptions and legal in 16 states only in the case

of rape, damage to the mother’s health, or a likely damaged fetus.8 After Roe v. Wade was passed, states

passed laws with physician and hospital requirements, gestational limits, counseling requirements, mandatory

waiting periods, and even restrictions on public funding (Guttmatcher Institute 2014). Generally, most or

all medically necessary abortions for Medicaid enrollees are paid by the state’s own funds. Some states,

however, can refuse to use their own funds. In the 1960s, 32 states had restrictive funding.9 To address the

concern raised by Roe v. Wade, I restrict my data sample to these 32 states. I also continue to keep only

states with age of majority under 20 in 1971 in order to control for the birth control pill. Luckily, there are

enough states that fall into both of these categories so as not to create a small sample size problem.10

By restricting my data to states with restrictive public funding, I expect to see smaller effects of Title

IX on female graduate degrees, compared to my results from the previous section. I am now running my

analysis on females who would have had to pay for the abortion out-of-pocket but still had access to the pill.

8The four states that had legalized abortions were New York, Washington, Hawaii, and Alaska.
9These states currently have restrictive public funding for abortions indicating that they also had restrictive public funding

in the 1960s. Appendix C lists the states and their public funding status for abortions.
10There are 16 states in my final analysis sample: Alaska, Arizona, Arkansas, Idaho, Illinois, Kentucky, Maine, Montana,

Nevada, New Mexico, North Carolina, North Dakota, Oklahoma, Tennessee, Utah, and Wisconsin.
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If they become pregnant, they would have to quit their schooling. The even-numbered columns in Table 3

show estimates for business degrees, education, health, and legal, respectively.11 The effect sizes are pretty

similar to their counterparts when controlling only for the pill. Again, to put these magnitudes in terms

that are easily understandable, Title IX accounts for 26 percent of the growth in female MBAs, 22 percent

of the growth in female doctors, 18 percent of the growth in female lawyers, and 6 percent of the increase in

female graduate students in education.

It is possible that controlling for Roe v. Wade is unnecessary as I already control for the pill. In this

regression sample, females have access to the pill before the age of 20. If they are on birth control then it is

likely that they will not get pregnant; controlling for legal abortions should not have a huge effect, which is

what we see.

5.3 Differential Effects by Gender Parity

In this section, I test whether there are any differential effects of Title IX by gender parity in the field.

The previous section found differential effects across fields; females were differentially more likely to pursue

business degrees than education degrees. As Title IX is a federal policy that applied equally to all graduate

fields, heterogeneous treatment effects suggest that there may be heterogeneity in barriers and/or preferences

across fields. This is summarized by Hypotheses 1-1.

To test these hypotheses empirically, I categorize graduate fields of study into three groups: (1) “low

gender parity”: the average female share of graduates is less than 10 percent between 1962-1970, (2) “mid

gender parity”: average female share of graduates is between 11-48 percent between 1962-1970, and (3) “high

gender parity”: average female share of graduates is 49 percent or higher between 1962-1970. Appendix D

lists the fields that are in these three groups. Comparing the low-parity group to the high-parity group, we

see that the latter contains those considered stereotypically “female“, such as Education, English, Family

Science, and Library Science, and those in the former, stereotypically “male”, such as Architecture, Business,

Computer Science, Engineering, and Legal Professions.

I run the same DID regression model as specified in equation (1) for the three different levels of gender

parity. I plot the pre-treatment trends in Figures 6ABC to test the validity of the common trends assumption.

For all three categories, the pre-treatment trends are similar. Table 4 lists the results. The smallest effect is

in low-parity fields, which goes against the barriers hypothesis. But the largest effect is in mid-parity fields,

not high-parity fields, which suggests barriers did exist. The results suggest that though Title IX successfully

reduced barriers-to-entry to certain fields, preferences still played a role. These results control for both the

birth control pill and Roe v. Wade.

11The full set of results are in Appendix Table 4.
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A closer look at the table reveals heterogeneity in barriers by degree type. Title IX would have easily

addressed barriers at the MA level, typically the first graduate degree after a BA, and would be less effective at

the PhD level, the most advanced graduate degree. Table 5 reports the results. Among the low-parity fields,

the largest effect is among master’s degrees and the smallest effect is among doctoral degrees. Moreover,

among PhDs, the largest effect is in mid-parity fields. Professional degrees saw the largest impact on mid-

parity fields. This is because health and law degrees, both of which are classified as professional degrees in

the data, are in the mid-parity group.

5.4 Placebo Regression on Foreign Graduate Students

A robustness check is to run a placebo regression on foreign graduate students. Title IX is a federal policy in

the United States, so it should have had no influence abroad. In other words, I expect to see no significant

effects of the treatment year, 1971-1973, on female graduate field choices in other countries. The 1993 NSCG

survey asked all respondents whether they were born in the U.S. and the country of their graduate degree.

Thus, I am able to identify foreigners who obtained their graduate degree abroad: individuals who would

not have been exposed to Title IX. Remember that the NSCG surveyed all individuals with at least a BA

who are currently living in the United States. Therefore, the sample of foreigners may be very different than

that of the U.S. population. Panel A of Table 6 breaks out my data by birth country and degree country.

My main analysis considers the 122,966 individuals born in the United States. For the placebo regression, I

am interested in the 9,573 foreigners who were born abroad and who obtained their degree abroad.

I also look at a few demographic characteristics in Panel B. Gender composition, what I am most

concerned about, is very similar between the two data samples. The racial composition is quite different,

but this is not surprising. Racial make-up for foreigners is more an indicator of country of origin.

Table 7 lists the placebo regression results of Title IX on female graduate field of study in foreign schools.

There is no clear pattern like we saw in Figure 3 with the U.S. sample. Column 1 shows the results for all

foreign graduate degrees; Columns 2-28 list results for all graduate fields.12 The pattern we would expect to

see, if Title IX had an impact, is significant, negative coefficients before the treatment year and significant,

positive coefficients after. However, for all of the regressions in Table 7, there is no clear pattern.

12There are 28 total fields of study, but Homeland Security is omitted because it had no observations.
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6 Title IX and Female Occupational Choice

6.1 Limitations of Distributional Analysis

Distributional analyses are mainly limited to those using continuous variables or ordinal variables because

there is no way to measure change in the distribution of an unordered, categorical variable. Many measures

of distributional change like the Kolmogorov-Smirnov test are for continuous variables. There are statistical

models for unordered variables, like the multinomial logit or random utility models, but these are generally

considered too restrictive. The main issues are the Inclusion of Irrelevant Alternatives assumption and

degrees of freedom. I have 56 different occupations and 28 different fields of study in my data. A major

contribution of this paper is the application of a metric used in computer science to the economics literature.

As this metric is used for image retrieval, it applies easily to measure change in the distribution of unordered

variables, specifically graduate field of study and occupation.

6.2 The Earth Mover’s Distance (EMD)

The Earth Mover’s Distance is a metric that measures the differences between two distributions. In a nutshell,

it is the minimal cost that must be paid to transform one distribution into the other. Computation of EMD is

borne from the transportation problem. Suppose that several suppliers, each with a given amount of goods,

are required to supply several consumers, each with a given limited capacity. For each supplier-consumer

pair, the cost of transporting a single unit of goods is given. The transportation problem is then to find a

least-expensive flow of goods from the suppliers to the consumers that satisfies the consumers’ demand. The

following formalization of EMD is adapted from Rubner, Tomasi, and Guibas (2000) to apply to the context

of occupational convergence.

The computation of EMD can be formalized by the following linear programming problem:

Let

M = {(m1, wm1
), · · · , (mm, wmm

)}

be the male occupation distribution with m occupation categories, where mi is occupation i and wmi
is the

share of males in occupation i.

Analogously, let

W = {(w1, ww1), · · · , (wm, wwm)}

be the female occupation distribution with n occupation categories (notice that m = n); and let
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D = [dij ]

be the difference matrix where dij is the difference between occupations mi and wj , that minimizes the

overall cost

WORK(M,W,F) =

m∑
i=1

n∑
j=1

dijfij ,

subject to the following constraints:

fij ≥ 0, 1 ≤ i ≤ m, 1 ≤ j ≤ n (2)
n∑

j=1

fij ≤ wmi , 1 ≤ i ≤ m (3)

m∑
j=1

fij ≤ wwi , 1 ≤ j ≤ n (4)

m∑
i=1

n∑
j=1

fij = min

(
m∑
i=1

wmi
,

n∑
i=1

wwi

)
(5)

Constraint (2) allows moving people from M to W and not vice versa. Constraint (3) limits the number

of males who can be moved in an occupation to their share (i.e., if 30 percent of males are doctors, the

number of male doctors who can be moved to another occupation is limited to that 30 percent). Constraint

(4) is analog for occupation categories in F ; and constraint (5) forces to move the maximum number of

people possible. This number is called the total flow. Once the transportation problem is solved, and the

optimal flow F is found, the earth mover’s distance is defined as the resulting work normalized by the total

flow:

EMD(M,F ) =

∑m
i=1

∑n
j=1 dijfij∑m

i=1

∑n
j=1 fij

The normalization factor is the total weight of the smaller distribution, because of constraint (5). Thus,

the EMD naturally extends the notion of the dissimilarity between two distributions. To give a visual

example, Figure 6 shows two female-male distributions of graduate field of study. The distributions from

1962 on the top has an EMD value of 0.0136. In 1990, where the convergence is visually clearer, the

distributions are assigned an EMD value of 0.00805. As EMD is a measure of cost, smaller values correspond

to more similar distributions. I use EMD to measure the similarity between the female and male distributions

in each year, separately for occupations and graduate fields of study.
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Figure 7 presents prima facie evidence of the causal impact of Title IX on the female-male convergence in

occupation. The two graphs plot the EMD values over time. They tell us that the female-male distributions

were converging over time for both occupations and graduate fields. To see whether Title IX had an impact,

I also estimate a lowess smoother allowing for a break in 1975, the year that Title IX regulations were

stipulated. We see that there is a marked jump towards convergence after 1975 for graduate fields and a

smaller one for occupations.

6.3 Empirical Strategy and Results

My empirical strategy is very straightfoward:

LOccConvt = β0 + β1LFieldConvt + β2Post1975t + β3

(
Post1975t × LFieldConvt

)
+ εt, (6)

where t indexes the year. LOccConvt is the logged difference between the male occupation distribution

and female distribution in year t; LFieldConvt is the logged difference between the male graduate field

distribution and female distribution in year t; Post1975t is a dummy equal to 1 if year t is after 1975. The

coefficient of interest is β3, the interaction between Post1975 and the log measure of convergence in graduate

field distribution.

Table 9 presents regression results for different specifications. My preferred specification is in column 3,

which has the highest adjusted R-squared. I find that a 1-percent convergence in graduate field leads to a

1.3 percent convergence in occupation. I also estimate a three-spline model to account for the transition to

Title IX; the results for this specification are reported in columns 4 and 5. The interaction term is no longer

significant, but this is likely due to the small sample size.

6.4 Graduate Field Specialization

Having found a causal link between graduate field convergence and occupation convergence, a natural next

step is to understand the mechanism. In this section, I test the empirical implications of Hypotheses 3 and

4. To classify a field as specialized or generalized, I calculate the Herfindahl-Hirschman Index (HHI) for each

graduate field using the field as the industry and each occupation as a firm:

HF =

N∑
i=1

s2i,F ,

where si,F is the share of respondents in occupation i with degree F and N is the total number of occupa-

tions. I classify fields with HF > 0.15 as specialized. This threshold was chosen as it indicates moderate
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concentration according to the merger guidelines.13

Figure 8 plots the EMD values over time by field specialization. Again, the solid lines are lowess smoothers

allowing for a break in 1975. There is a marked, discrete jump in specialized fields, similar to the one observed

in the occupation distribution (Figure 7). Generalized fields do see dramatic convergence, but there is no

discrete jump like the one seen in specialized fields.

Table 9 lists regression results. My preferred specifications are in columns 3 and 8. As expected, a 1

percent convergence in specialized fields leads to a 0.9 percent convergence in occupations, whereas there is

no statisticaly significant effect for generalized fields. Although it is insignificant, the negative sign on the

coefficient Post1975 and log convergence in graduate fields indicates that females are more likely to pursue

generalized fields. Figure 8 shows that there is great convergence between males and females in generalized

fields. The negative sign, however, implies that this convergence led to a divergence in occupation. Therefore,

females are differentially pursuing generalized fields.

6.5 High-skilled vs. Low-skilled Occupations

In this section, I conduct a robustness check by exploiting the fact that Title IX affected higher education.

As such, one would expect greater effects of graduate field convergence on high-skilled occupations and little

or no effect on low-skilled occupations.

To classify occupations by skill-level, I use Occupational Information Network (O*NET) data to obtain

education requirements for each occupation. O*NET is the Department of Labor’s successor to the Dictionary

of Occupational Titles that contains data on tasks, activities, knowledge, and abilities used in each occupation

and began in 2001. O*NET randomly selects workers in a random sample of businesses expected to employ

workers in targeted occupations. These workers are asked about various aspects of their occupation. One

specific question is the level of education required to perform the job.

There are 12 different categories: Less than high school, High school degree (or GED equivalent), Post-

secondary diploma, Some college courses, Associate’s degree, Bachelor’s degree, Post-baccalaureate certifi-

cate, Master’s degree, Post-master’s certificate, First professional degree, Doctoral degree, Post-doctoral

training. Any occupation that requires at least a bachelor’s degree is classified as high-skilled. As my analy-

sis is at the aggregate occupation level, I aggregate education requirements using the following rule: if more

than half of the occupation codes in a major occupation category requires at least a BA, then I classify the

major occupation category as a high-skilled occupation. Figures 9AB plot the share of BA-degree holders

in each occupation between 1950-2000 to get a sense of the validity of this measure over time. The dots

13I also calculate an alternate measure of specialization that uses the maximum correlation value across all graduate field-
occupation pairs. If the standardized correlation value is in the top 40 percent, then the field is classifed as specialized. I obtain
similar results using this alternate measure.
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indicate the average share of BA-degree holders. The vertical line represents the range of shares from 1950

to 2000. The low-skilled occupation shares are very stable, with a modal range of 10 percentage-points and

most under 10 percent. The share of BA-holders in high-skilled occupations is more variable, but this is not

surprising as only XX percent of the population had a BA in 1960.

Figure 11 shows prima facie evidence that high-skilled occupations were affected by Title IX. There is a

steep move towards convergence in high-skilled occupations post-1975. Low-skilled occupations, meanwhile,

are hardly disturbed. It is also important to notice the scale of the two graphs. Although both high-skilled

and low-skilled occupations converge over time, the dissimilarity among low-skilled occupations remains

greater at all times. This is not surprising as most of the low-skilled occupations are those where men have

a comparative advantage.

Table 10 lists the results from the empirical analysis. My preferred specification finds that high-skilled

occupations have an elasticity of 1.1. When I account for the transition to Title IX, I find that a 1 percent

convergence in graduate field leads to a 1.5 percent convergence in occupation. Panel B shows results among

low-skilled occupations. A 1 percent convergence among graduate fields leads to a 0.3 percent occupational

convergence. The significant result is likely due to leakage of BAs into low-skilled occupations. Although

the analysis focuses on generalized fields, it is important to remember that these are still graduate degrees.

So it is not surprising to see some convergence in occupations. When accounting for the transition to Title

IX, the interaction is no longer significant.

7 Conclusion

This paper explores the determinants of occupational sorting by focusing on an important mechanism:

barriers to human capital. The convergence in the U.S. occupational distribution between men and women

has been extensively documented, but to my knowledge no previous paper has looked at this supply factor.

I establish a causal link between the graduate field convergence and occupation convergence by exploiting

the 1972 passage of Title IX, which banned gender discrimination in graduate school admissions. A 2013

working paper by Hsieh and co-authors estimates that 15 to 20 pecent of the growth in aggregate output per

worker can be explained by the removal of frictions, in general, and the resulting improvement in allocation

of talent. I attempt to add to the literature by distinguishing between labor market discriminiation and

barriers to human capital acquisition.

I examine whether an exogenous shock to graduate school admissions, through Title IX, affects females’

decisions to pursue graduate degrees that are closely correlated with an occupation. My DID analysis finds

that Title IX did increase female degrees, but also that there were differential effects by gender parity. This
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is due to both barriers and preferences. Moreover, the convergence in graduate field distribution, through

Title IX, led to a convergence in occupations that was mainly driven by specialized fields. Last, my results

suggest that females are more likely than males to pursue generalized fields.

Although I believe the empirical evidence presented in this paper is strongly suggestive of the important

role of graduate higher education in occupational sorting, it is important to stress that this is not the

only explanation. As mentioned before, there is a rich literature on both the demand and supply factors

determining female labor force participation. But on the whole, I believe my results are broadly suggestive

of the significant impact of increased female human capital on occupational sorting.
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Source: NSCG 1993 data.
Note: The dashed red line indicates the year that Title IX was passed. The wings on the bars indicate standard errors. The
graph plots βt from the following regression: Yist = αist +Fiδi +FiTistβt +Xisγis +Tistτt +εist, where i indexes individuals, s
indexes birth state, and t indexes year of the most recent degree. The education outcome of interest, graduate degree holder, is
denoted by dummy variable Yist. A graduate degree is defined as either a master’s degree, a professional degree, or a doctorate.
Fi is a dummy variable equal to 1 if individual i is female; Xis are demographic controls (race and birth-state dummies); τt
are the coefficients on year of most recent degree dummies. The coefficients of interest are βt. These are the year-specific,
female-male differences in educational outcomes. Regression results are in Appendix Table 1.
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Figure 5. Graduate Degree Trends by Gender

Business Degrees

Health Degrees

Legal Degrees

Education Degrees

Source: NSCG 1993 data.
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Table 3. Female-Male Cohort Difference in Select Graduate Fields of Study

Source: NSCG 1993 data.
Note: Pre-Title IX birth cohorts are people born between 1944-48. Post-Title IX birth cohorts are 1956-61. Both cohorts are
restricted to ages 18-30. Time fixed effects include year and birth cohort dummies. Demographic controls include race and
state of birth dummies. I control for access to the pill by restricting the data to birth states where the age of majority was
¡20 in 1971. See Appendix B for the list of states. I control for Roe vs. Wade by restricting my data to birth states that had
restrictive abortion funding in 1983. See Appendix C for the list of these states. * p< 0.05, ** p< 0.01, *** p< 0.001
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Figure 6A. Trends for Graduate Fields with Low Gender Parity in 1962-1970

Figure 6B. Trends for Graduate Fields with Mid Gender Parity in 1962-1970

Figure 6C. Trends for Graduate Fields with High Gender Parity in 1962-1970

Source: NSCG 1993 data.
Note: Low gender parity is defined as females with a less than 10% female share of all degrees. Mid gender parity are fields
with 11-48% female share. High gender parity are fields with at least 49% female share of all degrees.
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Table 4. Female-Male Cohort Difference in Graduate Degrees by Gender Parity

Source: NSCG 1993 data.
Note: Pre-Title IX birth cohort contains people born between 1944-48 and were 24-28 years old in 1972. Post-Title IX birth
cohort contains people born between 1956-61, who were 11-16 in 1972. Time fixed effects include year and birth cohort dummies.
Demographic controls include race and state of birth dummies. Low gender parity is defined as fields with a less than 10%
female share of all degrees. Mid gender parity is defined as fields with 11-48% female share of all degrees. High gender parity
is defined as fields with at least 49% female share of all degrees. For a list of specific fields in each category, see Appendix D. *
p< 0.05, ** p< 0.01, *** p< 0.001
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Table 5. Female-Male Cohort Difference in Graduate Degree Types by Gender Parity

Source: NSCG 1993 data.
Note: Pre-Title IX birth cohort contains people born between 1944-48 and were 24-28 years old in 1972. Post-Title IX birth
cohort contains people born between 1956-61, who were 11-16 in 1972. Time fixed effects include year and birth cohort dummies.
Demographic controls include race and state of birth dummies. Low gender parity is defined as fields with a less than 10%
female share of all degrees. Mid gender parity is defined as fields with 11-48% female share of all degrees. High gender parity
is defined as fields with at least 49% female share of all degrees. For a list of specific fields in each category, see Appendix D. *
p< 0.05, ** p< 0.01, *** p< 0.001
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Table 6. Summary Statistics of the NSCG 1993 data

Source: NSCG 1993 data.
Note: U.S. sample is defined as individuals who were born in the U.S. Foreign sample is defined as any individual who was born
outside the U.S. and received a graduate degree outside the U.S. Panel B numbers are weighted.
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Figure 6. Example of EMD values

Source: NSCG 1993 data.
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Figure 7.
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Source: NSCG 1993 data, 1962-2014 Census IPUMS 5 percent samples.
Note: The solid line is the lowess smoother applied to the distribution allowing for a break in 1975.
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Table 8. Occupation Distributional Analysis

Source: NSCG 1993 data, 1962-2014 Census IPUMS 5 percent samples.
Note: * p< 0.05, ** p< 0.01, *** p< 0.001
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Figure 8. Female-Male Convergence in Graduate Field Distributions by Field Specialization
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Source: NSCG 1993 data.
Note: The solid line is the lowess smoother applied to the distribution allowing for a break in 1975.
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Table 9. Occupation Distributional Analysis by Field Specialization

Source: NSCG 1993 data, 1962-2014 Census IPUMS 5 percent samples.
Note: A graduate field is categorized as “specialized” if its HHI share is greater than 0.15, and categorized as “generalized”
otherwise. * p< 0.05, ** p< 0.01, *** p< 0.001
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Figure 9.

Share of BA degree holders in <BA Occupations, 1950-2000

Share of BA degree holders in BA+ Occupations, 1950-2000

Source: 1962-2014 Census IPUMS 5 percent samples, O*NET data.
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Figure 10. Female-Male Convergence in Occupation Distributions by Occupation Skill
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Note: The solid line is the lowess smoother applied to the distribution allowing for a break in 1975.
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Table 10. Occupation Distributional Analysis by Occupation’s Required Education

Source: NSCG 1993 data, 1962-2014 Census IPUMS 5 percent samples. * p< 0.05, ** p< 0.01, *** p< 0.001
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Appendix C. Public Abortion Funding Status by State

Source: ACLU, Guttmatcher Institute 2014.
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Appendix Table 1. Female-Male Difference in Graduate Degrees, Relative to 1971-1973

Source: NSCG 1993 data.
Note: The DID sample runs from 1962-1985. Demographic controls include race and state-of-birth dummies. * p< 0.05, **
p< 0.01, *** p< 0.001
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Appendix Table 2. Female-Male Cohort Difference in Select Graduate Fields of Study, Base Analysis

Source: NSCG 1993 data.
Note: Pre-Title IX birth cohorts are people born between 1944-1948. Post-Title IX birth cohorts are born between 1956-1961.
Both cohorts are restricted to ages 18-30. Time fixed effects include year and birth cohort dummies. Demographic controls
include race and state-of-birth dummies. * p< 0.05, ** p< 0.01, *** p< 0.001
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Appendix Table 3. Female-Male Cohort Differences in Graduate Fields of Study
Controlling for Access to the Birth Control Pill

Source: NSCG 1993 data.
Note: Coefficients reported are all from the interaction dummy between female and post-cohort dummies (see Equation 1).
Pre-Title IX birth cohorts are people born between 1944-48. Post-Title IX birth cohorts are 1956-61. Both cohorts are restricted
to ages 18-30. All regresions include time fixed effects (year and birth cohort dummies) and demographic controls (race and
state of birth dummies). I also control for access to the pill by restricting the data to birth states where the age of majority
was ¡20 in 1971. See Appendix B for the list of states. * p< 0.05, ** p< 0.01, *** p< 0.001
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Appendix Table 4. Female-Male Cohort Differences in Graduate Fields of Study
Controlling for Access to the Birth Control Pill and Roe v. Wade

Source: NSCG 1993 data.
Note: Coefficients reported are all from the interaction dummy between female and post-cohort dummies (see Equation 1).
Pre-Title IX birth cohorts are people born between 1944-48. Post-Title IX birth cohorts are 1956-61. Both cohorts are restricted
to ages 18-30. All regresions include time fixed effects (year and birth cohort dummies) and demographic controls (race and
state of birth dummies). I control for access to the pill by restricting the data to birth states where the age of majority was
< 20 in 1971. See Appendix B for the list of states. I control for Roe vs. Wade by restricting my data to birth states that had
restrictive abortion funding in 1983. See Appendix C for the list of these states. * p< 0.05, ** p< 0.01, *** p< 0.001
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