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This dissertation consists of three essays viewing gender in the United States

through an economic lens. In the past half-century men and women have be-

come more equal in many economic and social dimensions, but vast differences in

outcomes remain. The causes of these differences, whether they be cultural norms,

preferences or economic constraints, are important and the subject of these essays.

The first chapter is on the the sorting of men and women into occupations.

Results indicate that women sacrifice wages in order to avoid male dominated

occupations, but that temporary shocks to the number of men or women in an

occupation do not persist in the long run. The second chapter studies how married

households decide who works in the labor market and who works in the home. Men

are found to want to work less if their wives work, whereas women are found to

want to work more if their husbands work. The third chapter looks at whether

families in the United States prefer to have sons instead of daughters and finds

that although households with daughters are more likely to be female headed, they

are no longer more likely to go on to have more children.
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CHAPTER 1

OCCUPATION GENDER SEGREGATION: EMPIRICAL

EVIDENCE FROM A MATCHING MODEL WITH TRANSFERS

Abstract

Patterns of occupation segregation may be due in part to preferences for

working with one’s own gender. In this paper, I use structural estimation

and instrumental variables to estimate firms’ willingness-to-pay for male and

female workers separately from worker preferences for occupation attributes

and occupation gender composition. I separately estimate firm and worker

preferences by modeling lifetime wages as transfers in a one-to-one matching

model of the labor market. Using the estimated distribution of reservation

wages I am able to disentangle male and female preferences for wages, gender

composition, and exogenous occupation attributes using a shift-share instru-

mental variables strategy, which exploits variation in occupation exposure

to industries, male and female labor force participation, and estimated firm

willingness to pay. I then use these estimates to predict which occupations

have stable and unstable gender composition. I find that with some notable

exceptions in STEM fields, which will continue to feminize, and machine op-

erators, which will masculinize, the current segregation patterns are stable,

and not historically dependent. If all occupations were at parity in 1960,

current observed segregation would be similar to today.
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1.1 Introduction

Recent research using job satisfaction data suggests that women prefer not to work

in male occupations (Usui, 2008; Lordan & Pischke, 2015). Also suggestive of such

preferences are the “tipping” patterns documented by Pan (2010), where occu-

pations moved rapidly from male to female. Understanding the mechanisms of

“tipping” is important for policies intended to influence gender segregation. De-

pending on the interaction of firm preferences, worker preferences, and equilibrium

wages, some occupations may be highly responsive or non-responsive to policy

levers. I use a structural model to disentangle firm and worker preferences empiri-

cally using wages and observed matches. I then use the model to predict the future

patterns of segregation, responsiveness to shocks, and historical dependence.

Occupation gender segregation is a persistent feature of the labor market that

continues to contribute substantially to the gender wage gap, especially as the

education gap between men and women has closed and even reversed (F. D. Blau

& Kahn, 2006; F. D. Blau, Brummund, & Liu, 2013; F. D. Blau & Kahn, 2016).

Many factors have been identified as contributing causes of segregation, including

preferences over amenities, productivity and skill differences, and employer dis-

crimination (Bertrand, 2011; Black & Spitz-Oener, 2010; Wiswall & Zafar, 2013;

Bronson, 2013; Olivieri, 2014; Baker & Cornelson, 2015; C.-t. Hsieh, Hurst, Jones,

& Klenow, 2016; Cortes & Pan, 2017). Preferences over occupation gender compo-

sition itself have received less empirical treatment. Such a preference could operate

at the occupation level, through gender identity effects (Akerlof & Kranton, 2000),

or through the work environment itself. Using several surveys of job satisfaction,

and employment transitions, Lordan and Pischke (2015) find evidence consistent

with a female preference for working in occupations with more women, and also

1



some evidence for male preferences for working with men. Their estimates are

robust even to controls for firm level fraction female and remain even after the

inclusion of occupation task measures, suggestive of at least some preference over

the gender composition at the occupation level.

The gender composition, and any correlated attributes, evolve endogenously

from worker and firm choices. As a result, it is possible to observe “tipping dy-

namics”, or rapid movements in the gender composition. Pan (2010) documents

such patterns in the U.S. from 1940-1980, and posits a Schelling-style model of

stable and unstable equilibria in the fraction female, illustrated below in Figure

1.1.

In this stylized model, an occupation chooses to hire male or female work-

ers to fill a fixed number of positions. Therefore as they hire more women, the

fraction female goes up, and the number of men they hire goes down proportion-

ately. Therefore the wage needed to attract women increases in the fraction female,

whereas the wage needed to attract men decreases in the fraction female (as the

number of men hired decreases). In addition, firms choose to hire men and women

to minimize wage costs, which in the normal case implies that firms continue to

hire men and women until the wage of men and women is equalized.

In the righthand graph, the labor supply of women depends also on the fraction

female in the occupation. Women are so strongly averse to entering male dominated

occupations that in fact the female labor supply curve becomes downward sloping

at very low fractions female. More women are enticed into the occupation even as

wages go down.

In this stylized model originally proposed by Pan (2010), the location of sta-

2



ble and unstable sorting equilibria depends on the male and female labor supply

curves.1 The supply curves will shift up or down depending on how the non-wage

amenities of the occupation are valued by men and women, and change shape de-

pending how wages are valued, and how the fraction female is valued. Another

key factor is that firms may not have the same willingness to pay for male and

female workers, as evidenced by the gender wage gap. Then the location of mixed

equilibria will not be at the point where the wage of men and women is the same,

but rather exist to the left or to the right according to firm preferences.2

In this paper I empirically disentangle the mechanisms that affect the stability

of segregation patterns by occupation. A structural model that embeds these mech-

anisms is needed not only to understand past dynamics, but also to predict future

dynamics. Because segregation emerges from both sides of the market, workers and

firms, optimizing and connected through equilibrium reservation wages, a match-

ing model with observed transfers is a natural candidate to provide a rich enough

structure for this context. The structural model makes it possible to simulate the

outcome of a wide variety of shocks including job amenity requirements that affect

non-wage utility, labor supply, and labor demand. More broadly, the model that

I propose can be employed in many contexts in which group preferences exist in a

two-sided market.

Unlike the two-sided model that I propose, a one-sided model of worker choice

is not sufficient to study dynamics in occupation gender segregation. As sorting

patterns change, worker utility changes, and wages adjust to reflect new compen-

sating differentials, reconciling labor supply and labor demand. The worker-job

1In Pan (2010) the locations of the unstable equilibria, and therefore the tipping points, are
fixed to be the same across occupations within blue collar or white collar categories.

2Firms may values workers of one gender less due to productivity or skill differences, or taste-
based or statistical discrimination, or devaluation.
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matches and the wage associated with each match that we observe in data are

therefore selected through the optimal choices of both firms and workers. A model

of how equilibrium wages are determined is needed to separate out the impact of

the firm’s choice versus the worker’s choice. The worker’s choice depends on the

fixed non-wage attributes of the occupation, which may be differentially valued

by gender, as well as the wage and fraction female. Meanwhile the wage that the

worker faces is determined in equilibrium including both firm and worker prefer-

ences.

There are therefore two identification steps: First, I identify how firm and

worker preferences contribute to equilibrium wages. This is accomplished by esti-

mating a transferable utility matching model using observed transfers. Second, I

use estimated reservation wages to disentangle the effect of wages, fraction female,

and other job attributes on worker labor supply. This is accomplished using a

shift-share instrumental variables strategy, instrumenting for both fraction female

and reservation wage, exploiting occupation variation in exposure to industries,

male and female labor force participation, and estimated firm willingness-to-pay.

To identify the model I assume that workers make lifetime occupation choices

early in life, and do not anticipate changes in the fraction female later in life

that would induce them to switch occupations. The expectation of workers is

that the fraction female they observe among older workers when they choose their

occupation is a good approximation for the fraction female they will face during

their lifetime. Therefore the fraction female is not endogenous within a given

cohort of workers, rather it changes endogenously across cohorts. Identification

also relies on a large market assumption, meaning a continuum of workers and

jobs of each type, and assuming away unobserved individual worker characteristics

4



valued by firms. Identification assumptions will be discussed in more detail below.

In estimating the model I find that firms are often willing to pay much more to

hire male than female workers, but there is a lot of dispersion across occupation in

the willingness-to-pay gap. This gap may reflect discrimination, differences in labor

force attachment over the lifetime, skill differences, or job sorting not captured in

my occupation categories. In addition the willingness-to-pay gap is lower in female

dominated occupations, either reflecting women selecting into occupations in which

they are more valued or have comparative advantage, or devaluation of work of

both men and women in female occupations (Levanon, England, & Allison, 2009),

or some combination of both.

In the instrumental variables decomposition of worker utility into exogenous

amenities and wages and fraction female components, I find that women care

strongly about the number of women in the occupation, and find no evidence

of male preferences. Either male or female preferences can cause rapid changes

in segregation patterns. My model matches the tipping of insurance adjustors

documented by Pan (2010) by showing an increase in the willingness-to-pay of

firms for female insurance adjustors, accompanied by relatively stagnant female

reservation wages, caused by the compensating differentials.

I find that equilibrium wages in the presence of strong female preference to

work with women tends to mitigate tipping female and accelerate tipping male.

This is because firms are willing to pay more for male workers, meaning that female

wages cannot drop low enough to produce a very high fraction female, and female

wages can be driven up high enough that firms will want to hire a very low fraction

female.
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I also find that current sorting patterns are surprisingly stable to shocks, and

not dependent on historical sorting. If traditionally female-occupations nursing

and teaching are made temporarily more attractive to men, there is not long run

impact on the fraction female. Also if all occupations were at parity in 1960,

sorting patterns today would still be similar to observed sorting patterns.

Section 1.2 provides a brief overview of the literature. Section 1.3 introduces

the structure of the transferable utility matching model. Section 1.4 describes

equilibrium wages. Section 1.5 describes how the model can be taken to data.

Section 1.6 describes the second stage of estimation, the decomposition of worker

utility given the reservation wages estimated from the transferable utility model.

Section 1.7 describes the data sources. Section 1.8 presents results, and Section

1.9 presents simulations of segregation dynamics, including counterfactuals.

1.2 Literature Review

A number of papers have studied worker preferences for tasks and amenities by oc-

cupation, but not the fraction female in the occupation. Asadullah and Fernandez

(2008) and Reed and Dahlquist (1994) find men and women have similar prefer-

ences over amenities using job satisfaction surveys and job transitions respectively.

On the other hand, Goldin and Katz (2011) and Goldin (2014) find higher demand

from female workers for flexibility and shorter hours to be important in explaining

sorting and wage differentials. I find large variation in male and female preferences

for different occupations, which could include any occupation amenities that are

fixed over time, such as flexibility, task requirements hours, or risk.3

3There is evidence that changes in task requirements over time is important in explaining
gender gaps (Black & Spitz-Oener, 2010; Atalay, Phongthiengtham, Sotelo, & Tannenbaum,
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Several papers look for preference over the gender composition of the occupa-

tion. Using job satisfaction data from the NLSY, Usui (2008) finds that women

dislike male occupations and receive a compensating differential to work in them.

Similarly Lordan and Pischke (2015) use job satisfaction and transition data to find

that even controlling for occupation task measures and firm level fraction female,

there is still evidence for women disliking male occupations. Unlike this literature

my paper explicitly models how such a preference factors into occupation choice,

including the impact of compensating differentials in unobserved reservation wages.

The methodological contribution of my paper builds on a long legacy of lit-

erature on theoretical matching. Shapley and Shubik (1972) showed that with

transferable utility the stable matching coincides with the competitive equilibrium.

Crawford and Knoer (1981) and Roth and Sotomayor (1990) further developed

mechanisms for convergence to the competitive equilibrium, and conditions for the

uniqueness of the prices, or wages, that support it. More recently Choo and Siow

(2006) pioneered empirical estimation of transferable utility models with an appli-

cation to the marriage market. Salanié (2014a) and Dupuy and Galichon (2017)

have presented the theoretical possibility of using observed transfers for identifica-

tion. My paper is the first to take this insight to an empirical application, using

wages to disentangle firm and worker preferences in the labor market.

An implication of workers having preferences over groups is tipping, or rapid

movements in segregation patterns. This literature includes the seminal work of

Card, Mas, and Rothstein (2008), identifying tipping points for racial segregation

in neighborhoods, and of course Pan (2010) using similar methodology to find

tipping points in fraction female in occupations. Unlike these papers, I focus on

2017). In a robustness check I control for the time-varying task measures of Atalay et al. (2017)
and find qualitatively similar results for gender preference over fraction female.
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disentangling the mechanisms underlying tipping rather than identifying tipping

itself as a phenomenon.

In terms of structural estimation, three papers are similar. Bayer and Timmins

(2005) develop an estimation strategy for equilibrium in group sorting by neigh-

borhoods in the housing market. My paper is different because I have a two-sided

model, and my equilibrium is in wages rather than the fraction female. My paper is

also closely related to Olivieri (2014), who treats occupation choice in a one-sided

model of worker choices, without endogenous wages. She also uses current period

wages as opposed to lifetime wages. In a related paper C.-T. Hsieh, Hurst, Jones,

and Klenow (2013) estimate the inefficiency resulting from “frictions” prevent-

ing some groups from accessing certain occupations in a general equilibrium Roy

model. My model differs in that I focus on demand and supply of job amenities

rather than skills.

My model allows for both compensating differentials, and differences in produc-

tivity or discrimination, by observed covariates, which are gender and occupation.4

At the individual level, my model only allows for unobserved heterogeneity in job

amenities, not worker productivity. Wage heterogeneity within occupation and

gender therefore emerges due to selection over job amenities. The focus of the pa-

per is worker preferences, and identification of worker preferences through the wage

distribution is facilitated by shutting down individual level heterogeneity in pro-

ductivity.5 See Taber and Vejlin (2013) for a decomposition of heterogeneity from

various sources. Recent work by Sorkin (2015) finds that amenity heterogeneity

4In future work I may include education as a proxy for worker skill, though education choice
is obviously endogenous to occupation choice, which is why I treat it as part of the occupation
choice in the current specification.

5The identification arguments outlined below also work by shutting down job level heterogene-
ity in amenities and allowing worker heterogeneity in productivity, but in this case the likelihood
function is more complicated.

8



does play a major role in producing wage variation at the firm level.

1.3 Matching Model with observed Transfers

The model treats career choice as a one-to-one match between a job and a worker.

Workers choose a job within an occupation at the beginning of their lives. This

job choice, including any education costs that may be associated with it, is binding

for life. Allowing switching between occupations later in life would not change the

qualitative features of the model. 6 The job choice is made based on individual

tastes for occupations, and the lifetime reservation wage and non-wage utility offer

for men or women entering that occupation. Jobs choose the type of worker that

will maximize their expected productivity per dollar spent. This is consistent

with a model of firms where jobs are filled independently, perhaps due to costly

coordination or low complementarity.7 The lifetime reservation wage needed to

clear the market is determined in equilibrium.

Kambourov and Manovskii (2008) find that on average 13% of workers change

occupation each year, by comparing retrospective and concurrent occupation data

in the Panel Study of Income Dynamics (PSID)8. In my 1960 data, simulated

from the Survey of Income and Program Participation (SIPP), this number is

14%. However the statistic that matters is how many workers have a “long-term”

occupation, or an occupation that they spend many or most of their working years

6As long as workers do not anticipate future changes in the market that would lead them
to switch, lowering switching cost would only lead to faster convergence to a fixed point in the
fraction female by occupation. Relaxing myopia poses a challenge to tractability because the
endogenous attribute (fraction female) then depends on expectations over the future behavior of
all agents, complicating today’s choice set considerably.

7Individual jobs optimizing over rate of return does not imply a specific firm-level production
function, but it produces similar behavior as firms minimizing cost with production quotas.

8In my unadjusted PSID sample this number is 21%.
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in, mirroring the lifetime occupation choice dictated by the model. In the PSID,

the average worker who spends most years working spends 80% of working years

in the same occupation9 In my simulated 1960 SIPP sample this number is only

64%.10 Furthermore, for 85% of workers in the PSID and 57% of workers in the

simulated SIPP, the modal occupation for ages 25-35 is also the modal occupation

for ages 25-55.

The model equilibrium wage vector is very similar to the result of a market-

wide open-ended ascending price auction where jobs make wage bids for workers,

but each job can only “win” one worker. Importantly, all workers and all jobs

participate in the auction, so there is no role for search frictions in the model.

This assumption is made more reasonable by the fact that I am considering lifetime

occupation choices, not individual jobs.

Jobs differ in how desirable they are to workers. In equilibrium, firms compen-

sate the workers exactly for their job-specific idiosyncratic disutility of taking that

job. Therefore the wage vector makes workers indifferent across individual jobs

within an occupation, and wage heterogeneity emerges from these compensating

differentials.

In addition to an individual job level compensating differential, there is a com-

ponent of the wage vector which is common across individuals within gender, bid

up until the supply of male and female workers to each occupation meets the de-

mand. Thus this common component of wage will depend both on the utility

that workers receive from occupations as well as the valuation that jobs have for

9I observations from 1968-2011 that appear in the PSID for at least 25 years beginning before
age 30 and ending after age 55, and are not missing occupation data, which results in a sample
of 764 workers.

10The higher rate of transitions but lower rate of years in the same occupation in my simulated
data is consistent with the first-order Markov assumption being overly simplistic. In reality
dependence on past occupation likely extends beyond the immediately previous period.
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male and female workers. In order for the equilibrium wage vector to not depend

on sample size we must assume a large number of workers and jobs of each type

(Galichon & Salanié, 2013a). In my model this means a large number of men and

women and jobs in each occupation11.

The identification strategy in this paper differs from that used by Choo and

Siow (2006) in the marriage market in several respects. First, for my application,

it is very important that I separately identify the split of the match surplus that is

going to the worker and the firm so that I can identify the non-wage utility of men

and women by occupation. In order to do this data on transfers is paramount.

Fortunately in the labor market it is natural to treat wages as observed transfers

between job and worker. I take estimated lifetime income paths in each occupation

as transfers from job to worker and use these to separately identify firm and worker

surpluses net of wages, whereas Choo and Siow (2006) identify only total surplus

on each side of the market.

Second, Choo and Siow (2006) do not estimate the variance of the underlying

distributions of taste heterogeneity (or in my case heterogeneity in worker taste

for occupation and heterogeneity in job amenities). As noted by P.-A. Chiappori,

Salanié, and Weiss (2015), it is important to estimate the variance of the underlying

distributions of taste heterogeneity because these parameters determine the level of

expected utility, and therefore are needed to compare welfare across counterfactual

states. In addition, scale parameters determine the elasticity of labor supply to

changes in wages or other non-wage amenities such as the gender ratio in the

counterfactual. In my case there are in total four scale parameters: scale of taste

11For reference, simulations of an ascending price auction with sample size of 20 already produce
a wage vector similar to the equilibrium vector assumed by the large sample. I perform the
simulations using a modified version of the auction mechanism outlined in Roth and Sotomayor
(1990) page 209.
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for occupation for men and women, and scale of job dis-amenities for men and

women. Unlike in P.-A. Chiappori et al. (2015) where many markets are used

to identify these parameters, I use the observed wage distribution as suggested in

Salanié (2014a).

A final difference is that unlike in the marriage market where both men and

women can remain unmatched, there is only a clear data on the outside option

on the worker side of the labor market: to be unemployed or out of the labor

force. Data on unfilled jobs is hard to pin down since the choice to post a vacancy

is endogenous to market conditions. In principle the addition of wage data for

identification, paired with an assumption of non-negative profit on the job side,

ensures identification of all model parameters without the addition of a job side

outside option. However in practice this relies very heavily on the functional

form assumption on the distribution of job dis-amenities. As a result in most

specifications I use additional data on vacancies by occupation imputed from the

Job Openings and Labor Turnover Survey (U.S. Bureau of Labor Statistics, 2017).

1.3.1 Model Assumptions

When a worker and a job match, value is created from the match. The total value

is split between the worker or the firm, according to the wage. In the worker’s case

the value could be from the amenities of the job such as a collegial environment or

a benefit such as free child care, which may differ by gender in how it is valued. On

the job side the payoff is the expected productivity, or willingness-to-pay product,

of the worker hired, which could differ by gender due to gender differences in

turnover, differences in search cost by gender, or devaluation, for example.
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The most general payoff structure in a matching model would allow each pos-

sible match between a worker i and a job j to have it’s own unique payoff to both

worker and job. To overcome the challenges that multiple forms of unobserved

heterogeneity cause for identification from wages, I impose some restrictions. I

assume that no portion of the payoff depends on unobservable characteristics of

both firm and worker. So although the surplus may depend on i or j, it may not

depend on i and j.

Assumption 1. Additive Separability: No component of surplus depends on un-

observed characteristics of both workers and firms.

Let g denote gender, which is observed as either male (M) or female (F ) in this

model. Let o denote occupation. We therefore have workers i P g P G “ tM,F u

and jobs j P o P O “ t1, 2, ..., 34u. Under additive separability we have that the

total surplus from a match between worker i and job j can be decomposed into

Sij “ Sgo ` η
i
o ` ξ

g
j (1.1)

In other words, additive separability implies that there is no ξij or ηij. This as-

sumption is important because it allows me to separate the matching problem into

two separate discrete choice problems, one for each side of the market (Galichon

& Salanié, 2013b).

The components of total surplus that depend on unobservables of either the

worker (ηio) or the job (ξgj ) can theoretically originate from either the worker or the

job side or both. In order to gain identifying power from the observed wage distri-

bution, and because my research question is focused the the role of worker utility in
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occupation choice, I assume all unobserved components of surplus originate from

the worker’s utility.

Assumption 2. ηio and ξgj originate from the worker’s utility. In other words, only

workers have preferences over unobservables, and jobs care only about whether they

chose to hire a male or female worker.

This assumption implies that all wage heterogeneity is the result of compensat-

ing differentials. In reality wage heterogeneity is the result of both compensating

differentials and individual worker productivity (see for example Sorkin (2015);

Taber and Vejlin (2011) for comparison of these sources).

Unfortunately allowing both forms of heterogeneity to enter the wage makes it

impossible to learn from individual wage observations, since wages would reflect

the sum of two unobserved terms. We may still be able to learn from the moments

of the wage distribution, integrating out both sources of heterogeneity, as suggested

in Galichon and Salanié (2015), and in future work I may explore this possibility.12

However, adding worker productivity heterogeneity should not have a major impact

on the counterfactual dynamics since most of the action is at the observable level,

the level of occupations and genders.13 In terms of biasing parameter estimates, I

may find that I overestimate how undesirable small occupations are, if high wages

in small occupation are actually due to selecting the most skilled workers. Similarly

I may overestimate the value of amenities in large occupations if wages are low due

to a lower than average level of worker skill. I plan to run simulations to asses the

12In a model with both unobserved productivities and unobserved amenities reflected in wages,
workers would choose based on the sum of two heterogeneity terms, one of which is due to tastes
and not reflected in the wage and one of which is due to productivity and is reflected in the wage.
Wages would reflect the sum of worker productivity heterogeneity, and job amenity heterogeneity.

13My model will have slightly different dynamics in terms of the evolution of the mean wage by
occupation. Overcrowding in my model will lack an additional decrease on wages from drawing
in lower skilled workers into the overcrowded occupation.
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level of this bias.

In summary, each worker has an individual taste for each occupation (ηio) and

each job differs in how attractive it is to men and women (ξgj ). The job amenity

heterogeneity can be thought of as any component of the attractiveness of a job

that is orthogonal to occupation attributes, for example child care offerings at a

particular employer relative to the average child care offerings in that occupation.14

The fact that jobs care only about whether to hire a male or female worker and

the wage that they must pay means that conditional on gender, all workers are

equally productive.

1.3.2 Payoff Functions

Recall that jobs care only about the relative productivity of men and women and

the wage that they will have to pay to an individual worker. Let WTP g
o be the

willingness-to-pay of a job in occupation o of hiring a worker of gender g. The

total payoff to job j, πgj , is specified as the willingness-to-pay to cost ratio of hiring

that worker.

πgj “
WTP g

o

Wagegj
(1.2)

The ratio in equation 1.2 is used as opposed to an additive profit function

for two reasons. First, since firms in the model only fill one vacancy at a time,

rate of return is a reasonable object for firms to care about that does not require

14ξgj could also be reinterpreted as the job-specific productivity of gender g, but in this case,
it will not appear in the wage.
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making assumptions about the number of total vacancies at a firm. By allowing

the firm to maximize return on a single vacancy at a time I make a reasonable

job-level approximation of a firm level profit function. Second, it is common in

labor economics to specify wages as lognormally distributed. The multiplicative

specification allows model wages to be lognormal in the estimation stage, which in

turn provides the best possible fit to the observed wage data.

logpπgj q “logpWTP g
o q ´ logpWagegj q (1.3)

”ĞWTP
g
o ´

ĞWage
g
j

The payoff to the firm of not hiring any worker, πNj , is normalized to one, so

that the log payoff to not filling a vacancy is zero, (π̄Nj “ 0).

The worker’s taste for the occupation consists of two components: ugo which is

common to all workers of gender g matching to jobs in occupation o, and ηio which

is worker i’s specific utility from occupation o. The dis-amenities of job j, which

are denoted ξgj , serve to scale the utility function, and are the same for everyone

conditional on gender.

The payoff to worker i is specified as:

uij “
ugo ˚Wagegj ˚ η

i
o

ξgj
(1.4)

Non-wage and wage utility thus enter the specification multiplicatively, in-

cluding the taste heterogeneity term ηio. Define log utility to be ūij and re-

parameterizing in terms of logs we have:
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ūij ” logpuijq “ logpugoq ` logpWagegj q ` logpη
i
oq ´ logpξ

g
j q (1.5)

” ūgo `
ĞWage

g
j ` η̄

i
o ´ ξ̄

g
j

Workers choose a job j to maximize log utility ūij. Thus the common log utility

parameters for working, ūgo, include the disutility of working at all and are expected

to be negative. However the underlying utility parameters ugo “ exppūgoq will always

be positive leading to complementarity in wage and non-wage utility. Similarly, ξgj

will be assumed to be log-normally distributed and therefore always positive, so

the higher the dis-amenity value of the job the lower the utility.

The common taste parameter for non-employment ūgN , where non-employment

means either not in the labor force or unemployed, is normalized to zero. It is

also assumed that in non-employment workers receive no wages or value from job

amenities. The payoff to non-employment (ūiN) is therefore η̄iN , the idiosyncratic

taste for non-employment.

Furthermore worker utility will be decomposed into a common component and

a dependence on the gender ratio in the occupation. Let Fo be the fraction female

in occupation o.

ūij “ ūgo `
ĞWage

g
j ` η̄

i
o ´ ξ̄

g
j

“ αgo ` γ
gFo `ĞWage

g
j ` η̄

i
o ´ ξ̄

g
j

So αgo and γg will be the parameters of interest, but ūgo can be recovered from

these parameters and the fraction female.
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1.4 Equilibrium Wages and Stability

In the following section I outline conditions for a matching to be feasible and stable.

I then introduce the equilibrium wage vector and show that it supports feasibility

and stability.

1.4.1 Feasibility

A matching is feasible if every worker is matched to at most one job and every job

matched to at most one worker. Formally, following Galichon and Salanié (2015),

let µij be equal to either 0 or 1 where 1 indicates a match between worker i and

job j. Then for every i and j a feasible matching has

ÿ

kPJ
µik ď 1 and

ÿ

kPI
µkj ď 1

Similarly following Galichon and Salanié (2015), the matching must be feasible

given the number of men and women and jobs in each occupation available in the

market, or

ÿ

jPJ
µgj ď ng, @g and

ÿ

iPI
µio ď no, @o

1.4.2 Stability

Intuitively, pairwise stability implies that no worker and job that are not currently

matched with each other, would prefer to match with each other. Let i and j be
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a so called “blocking pair”, and let i be currently matched to jpiq and j to ipjq.

Then pairwise stability states that the sum of the individual surpluses from the

existing matches (i with jpiq and j with ipjq) must be greater than the surplus

of the blocking pair (i and j). Therefore even with any possible transfer, i and j

will not both prefer to match with each other, because the total possible surplus

is lower.

Definition 1. Pairwise Stability: In a matching where i is paired with jpiq and

j is paired with ipjq, it must be the case that ūijpiq ` π̄
ipjq
j ě ūij ` π̄ij, @i, j. In

addition, each worker and job must attain higher surplus than their outside option,

or ūijpiq ě ūiN and π̄
ipjq
j ě π̄Nj , where N represents not working for the worker, and

not hiring a worker for the firm.

Note that on the left hand side ūijpiq ` π̄
ipjq
j includes the wage paid out to the

worker and by the job in their respective matches. On the right hand side ūij ` π̄
i
j

the wage will cancel within the match leaving the underlying total surplus.

Following Shapley and Shubik (1972), the pairwise stable matching will be

unique and the competitive equilibrium will coincide with the pairwise stable

matching, but the competitive equilibrium wage vector may not be unique. I

assume the observed wage vector that makes workers indifferent over jobs within

each occupation, and jobs indifferent over workers within each gender, which is

the equilibrium wage vector described in Galichon and Salanié (2015) and Salanié

(2014b). As the sample size of men and women goes to infinity, this vector will be

unique (Galichon & Salanié, 2015).
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1.4.3 Market Clearing Wages

The equilibrium wage vector I propose, ĞWage
g
j , equates supply and demand for

workers by gender and jobs by occupation. It does so by compensating the

worker for the idiosyncratic dis-amenities of a particular job within occupation,

and through a common component W g
o , which varies by gender and occupation.

Wagegj “ W g
o ˚ ξ

g
j (1.6)

A firm receives a draw of ξMj and ξFj , which is the amenity value of the job to

men and women respectively. The firm then chooses to hire a male or female worker

based on the overall productivity of men and women in that occupation (WTP g
o )

and the cost of hiring men and women which varies in order to compensate exactly

for the utility or disutility experienced by the worker due to ξMj and ξFj . This is a

compensating differential at the job level. Compensating differentials also emerge

at the occupation level through the common component of wages, W g
o .

The worker utility function therefore takes into account the job dis-amenities

ξMj and ξFj as well as the workers taste for that occupation, and because

logpWagegj q “ logpW g
o ˚ ξ

g
j q “ W̄ g

o ` ξ̄gj , workers are exactly compensated for

ξgj in the utility function. Plugging in and cancelling we get equilibrium utility for

workers of
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ūio “ ūgo `
ĞWage

g
j ` η̄

i
o ´ ξ̄

g
j (1.7)

“ ūgo ` W̄
g
o ` ξ̄

g
j ` η̄

i
o ´ ξ̄

g
j

“ ūgo ` W̄
g
o ` η̄

i
o

“ αgo ` γ
gFo ` W̄

g
o ` η̄

i
o

The equilibrium payoff to a firm is then

π̄gj “
ĞWTP

g
o ´

ĞWage
g
j (1.8)

“ĞWTP
g
o ´ W̄

g
o ´ ξ̄

g
j

The fact that this wage vector supports the pairwise stable matching follows

from the optimization problems of jobs and workers. Workers choose an occupation

to maximize utility, and firms choose a worker to maximize rate of return, so the

chosen job j˚ and worker i˚ respectively must satisfy

j˚ P o˚ “ arg max
o

pūgo ` W̄
g
o ` η

i
oq

i˚ P g˚ “ arg max
g

pĞWTP
g
o ´ W̄

g
o ´ ξ̄

g
j q

From this it is clear than within an occupation, workers are indifferent to which

job they are matched to, and likewise within gender, jobs are indifferent to which

worker they are matched to.

This implies that if worker i were to match with a different job within the same

occupation, we would have ūij “ ūi´j, and likewise for job j, π̄ij “ π̄´ij , therefore the
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pairwise stability inequality holds trivially for observationally equivalent (same g

and o) candidate matches:

ūijpiq ` π̄
ipjq
j “ ūij ` π̄

i
j @i, ipjq P g @j, jpiq P o

Now consider matching worker i to a job in a different occupation. Both workers

and jobs choose the occupation or gender that produces the highest payoff for them,

given the wage vector. Let the optimal occupation be o˚ and optimal gender g˚.

Therefore we know that for worker i

ūijpiq ą ūij @jpiq P o˚ and @j P o ‰ o˚

and for job j

π̄
ipjq
j ą π̄ij @ipjq P g˚ and @i P g ‰ g˚

Therefore pairwise stability holds with strict inequality for all candidate

matches that are not observationally equivalent (different g or o) to the competitive

equilibrium.

The second part of pairwise stability is the requirement that the choice payoffs

be greater than the outside option payoffs. Recall that the outside option for

the worker is remaining unemployed is equal to the idiosyncratic taste for non-

employment, ūiN “ η̄iN . The value to the firm of not hiring a worker is simply zero,

π̄jN “ 0.

Another key aspect of the equilibrium wage vector is that it must be feasible,
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which in the case of this labor market is equivalent to equating supply and demand

at the level of male and female workers and occupations. Crawford and Knoer

(1981) and Roth and Sotomayor (1990) prove the existence of such an equilibrium

in a model with transfers. Intuitively, as long as the common component of wage,

or W g
o , is free to adjust, supply and demand can adjust until the market clears.

The empirical implications of market clearing will be discussed in the empirical

section below.

1.5 Empirical Strategy

The empirical strategy consists of two stages: first I use maximum likelihood

to disentangle the selection effects of worker and firm optimization on observed

matches and wages. I am able to separately identify the willingness-to-pay of

the firm and the reservation wage distributions of the workers. This effectively

separates the two sides of the market, unlike previous applications of transferable

utility matching models, such as Choo and Siow (2006) and P.-A. Chiappori et al.

(2015), who were only able identify total match surplus because they lacked data

on transfers.1516

Second, the estimated reservation wage distributions from the maximum like-

lihood estimation are used to estimate the worker’s utility. Workers care about

non-wage amenities, wages, and the fraction female. In the second stage of es-

15Fox (2010) is able to estimate payoffs from the interaction of characteristics of both sides of
the market but not full payoff functions.

16Theoretically it is also feasible to identify overall worker utility levels from the joint MLE
as well. This would have the advantage of using all data variation, including the number of
unemployed workers by gender, to identify willingness-to-pay, reservation wages, and overall
utility levels. However the large number of parameters in such a joint MLE, especially pooling
all years of data, might pose computational challenges.
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timation, a panel regression for each gender is run of shares of workers in each

occupation on reservation wages, occupation intercepts, and fraction female. In-

struments are used to control for omitted variables correlated with both fraction

female and wages over time, and provide clean variation in the fraction female and

reservation wage to trace out labor supply.

In the following sections I lay out the assumptions that allow the ML estimation

of the willingness-to-pay and reservation wages. The reservation wages are then

taken as data in the estimation of worker utility parameters, which is described in

the following section.

1.5.1 Job

Assumption 3. Let the heterogeneity in job amenities, ξgj , be distributed lognor-

mal, and independently across j, such that ξ̄gj “ lnpξgj q is distributed normally with

location parameter normalized to zero and scale parameters for each gender, σFξ

and σMξ .

A firm will only hire a worker if the willingness-to-pay for that worker is higher

than the wage the worker will accept in equilibrium, which means the payoff πgj

must be greater than one.

πgj “
WTP g

o

Wagegj
ě 1

Assumption 4. Jobs will remain unfilled if the wage is higher than the willingness-

to-pay for both men and women.
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πFj “
WTP F

o

WageFj
ă 1 and πMj “

WTPM
o

WageMj
ă 1 ùñ j unfilled

This differs from the classic multinomial choice model because there is no un-

observed heterogeneity in the outside option. That is to say, there is no equivalent

on the firm side to the idiosyncratic preference for non-employment that exists on

the worker side. Heterogeneity in the outside option would imply that jobs would

hire workers that cost more to hire than they produce in willingness-to-pay.17 In

a fully specified firm model this could make sense with a complementary produc-

tion function and other inputs, but without firms such complementarities should

already be approximated in the job level willingness-to-pay term.

The above assumption implies that jobs are unfilled when both ξ̄Mj and ξ̄Fj are

very high. High ξ̄Mj and ξ̄Fj means very high dis-amenity value to both men and

women, requiring high wages to compensate. So if a job is unattractive enough, it

will not be filled.

1.5.2 Likelihood Function

Parameters of the model are

θ “ tWTP g
o , α

g
o, γ

g, σgη , σ
g
ξu

Recall that WTP g
o are the willingness-to-pay parameters, αgo the worker non-

wage utility unrelated to the fraction female, γg the value of the fraction female, σgη

17Making this alternative assumption would not substantially change the identification strat-
egy, but would reduce reliance on the tails of the wage distribution and increase reliance on the
shape more generally.
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the scale of the worker taste heterogeneity, and σgξ the scale of the job dis-amenities

heterogeneity. The unconditional centers of the reservation wage distributions,

W g
o , are reduced form outcomes determined in equilibrium as a function of the

primitives θ. Nevertheless recovering the W g
o from the observed conditional wage

distributions is critical to recovering the fundamental parameters in the worker’s

utility function.

Recall the log wage specification,

ĞWage
g
j “ W̄ g

o ´ ξ̄
g
j

Since we observe log wages ĞWage
g
j , the expectation of observed wages suggests

itself as an estimator for W̄ g
o . Unfortunately there is a wrinkle to this strategy.

There is a selection problem in that the only wages that are observed are the wages

that maximize the job’s choice over male, female, or not hiring any worker. The

choice to not hire at all is especially problematic since it implies a truncation point

that depends on W g
o which is unknown. Likewise, the selection effects depend on

the scale of the unobserved job heterogeneity, σgξ , which is unknown. The problem

therefore suggests joint likelihood estimation with selection and truncation, where

the selection takes the form of a Tobit Type 5 (Amemiya, 1985)18, to estimate

WTP g
o , W g

o and σgξ .

If the job is filled, its contribution to the likelihood function takes the form

18See appendix for the likelihood written in the notation of Amemiya (1985).
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LLjfilled
“

ź

jfilled

Prpj hire g,Wagegj q ˚ Prpj filledq

“
ź

jfilled

Prpj hire g|Wagegj q ˚ PrpWagegj q ˚ Prpj filledq

If the job is unfilled, its contribution is

LLjunfilled
“

ź

junfilled

Prpj unfilledq

Ip j unfilledq be the indicator function equal to one if the job j is unfilled, and

similarly for Ipj filledq. Then the total likelihood is given by

LLj “
ź

j

pPrpj hire g|Wagegj q ˚ PrpWagegj q ˚ Prpj filledqqIpj filledq
˚ pPrpj unfilledqqIpj unfilledq

Prpj unfilledq is the probability that we do not observe a match, which I impute

from the JOLTS vacancy data.19 This occurs when hiring neither women nor men

produces willingness-to-pay higher than cost.

ĞWTP
M
o ´ W̄

M
o ´ ξ̄Mj ă 0 and ĞWTP

F
o ´ W̄

F
o ´ ξ̄

F
j ă 0

19Results do not appear sensitive to imputation method.
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The Prpj filledq “ 1´ Prpj unfilledq is then

1´ PrpξFj ă ´pĞWTP
F
o ´ W̄

F
o q, ξMj ă ´pĞWTP

M
o ´ W̄

M
o qq

“ 1´ Φ0,σFξ
p´pĞWTP

F
o ´ W̄

F
o q ˚ Φ0,σMξ

p´pĞWTP
M
o ´ W̄

M
o qq

Let Φ0,σgξ
and φ0,σgξ

are the cdf and pdf of the normal distribution with location

zero and scale σgξ . Recall that

ĞWage
g
j “ W̄ g

o ` ξ̄
g
j

Then other terms in the likelihood are as follows:

Prpj hire M|ĞWage
M
j q “ Φ0,σFξ

pĞWTP
M
o ´

ĞWage
M
j q ´ p

ĞWTP
F
o ´ W̄

F
o qq

PrpĞWage
M
j q “ φ0,σMξ

pĞWage
M
o ´ W̄

M
o q

Prpj hire F|ĞWage
F
j q “ Φ0,σMξ

pĞWTP
F
o ´

ĞWage
F
j q ´ p

ĞWTP
M
o ´ W̄

M
o qq

PrpĞWage
F
j q “ φ0,σFξ

pĞWage
F
j ´ W̄

F
o q

1.5.3 Identification

Separate identification of the willingness-to-pay and reservation wage parameters

(WTP g
o and W g

o ) relies on the shape of the wage distribution, and in practice, the

addition of vacancy data. We observe the share of jobs that are filled by men and

women in each occupation, and the full distribution of WageFo and WageMo for

those matches that do occur. Intuitively, the shape of the observed wage distri-

bution will vary according to where the reservation wage distribution is centered,
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while what portion of the reservation wage distribution we see depends also on the

WTP g
o , that is jobs relative valuation of male or female workers.20

To illustrate identification consider the following plots in Figures 1.2 and 1.3.

These figures compare the reservation wage distributions implied by the model for

men and women, with the observed wage distributions for men and women, in two

example occupations. The vertical lines denote the willingness-to-pay for male and

female workers respectively, ĞWTP
M
o and ĞWTP

F
o .

In both example occupations, the observed wage distribution (top panel) is

lower for women than men. In the first example in Figure 1.2, Sales Represen-

tatives, Finance, and Business Services, this is the result of firm preferences. In

the second example in Figure 1.3, Health Service occupations, this is the result of

worker preferences.

The way to disentangle the firm and worker preferences is by backing out the

reservation wage distribution. In the bottom panel of Figure 1.2, we see that in

Sales Representatives, Finance, and Business Services, the reservation wages of

women and men are centered at approximately the same location. This implies

that men and women value the amenities of the occupation similarly and have

similar outside options. Differences in the observed distribution are driven instead

by firms being willing to pay higher wages for male workers. This manifests itself in

the observed wage distribution by a long right tail male wages, beyond the support

of the female wage distribution. In reality such differences in lifetime wages likely

reflect mainly lower labor force attachment of women in this occupation, rather

than productivity differences or direct wage discrimination.

20In terms of the likelihood function, WF
o and WM

o are pinned down by the PrpWagegj q

component, while the relative difference between WTPF
o and WTPM

o is pinned down by the
Prpj hire g|Wagegj q component, and the level of both WTPF

o and WTPM
o is pinned down by

the denominator Prpj unfilledq.
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By contrast in Figure 1.3, in Health Service occupations, we see that the reser-

vation wage distribution for men is much higher than for women. This means

that men do not value this occupation, or have higher outsides options. The high

reservation wages for men drives the wage gap in this occupation. The estimated

willingness-to-pay gap is very small because the support of the right tails of the

male and female wage distributions broadly overlaps.

In summary using the model we are able to distinguish between the scenario

in Figure 1.2, where female workers are less valued than male workers, and the

scenario in Figure 1.3, where female workers are cheaper to hire than male workers.

In both cases the observed wages for women are lower, but the mechanisms are

very different. Separately identifying reservation wages from willingness-to-pay is

important because taking reservation wages as given is what allows us to estimate

the worker side of the market.

Note also that once we know ĞWTP
g
o and W g

o , we can solve for the number of

jobs that remain unfilled. This will be important for the counterfactual because

unfilled jobs becoming filled will affect the wage dynamics because less desirable

jobs must compensate workers more for their dis-amenities ξgj .

1.5.4 Worker

Assumption 5. Let the worker taste heterogeneity for occupations, ηio, be dis-

tributed independently extreme value type 1 (also known as gumbel for maxima or

logit).

The location parameter of ηio is normalized to zero, and the scale parameter
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is estimated separately for each gender, resulting in two scale parameters σMη and

σFη for men and women respectively. In P.-A. Chiappori et al. (2015) the scale

parameters require many markets to estimate but with observed transfers we can

rely on variation in lifetime income across occupations to trace out the scale.

As in Choo and Siow (2006). we can leverage well known properties of extreme

value distributions to obtain choice probabilities, or the probability that the utility

from one option is higher than the utility of all other options. Recall that logpuigq “

logpugoq ` logpW
g
o q ` η

i
o ” ūgo ` W̄

g
o ` η

i
o.

Prpi P g chooses @j P oq “
expp ū

g
o`W̄

g
o

σgη
q

ř

o expp
ūgo`W̄

g
o

σgη
q

Assumption 6. Let uiN “ ηiN . This implies that the ugN “ 0 and no wages are

received, leaving only idiosyncratic taste for non-employment ηiN .

We can then define the probability of choosing occupation o relative to the

probability of choosing non-employment.

Prpi P g chooses @j P oq

Prpi P g chooses Nq
“

expp
ū
g
o`W̄

g
o

σ
g
η

q

ř

Y expp
ū
g
o`W̄

g
o

σ
g
η

q

1
ř

Y expp
ū
g
o`W̄

g
o

σ
g
η

q

“ expp
ūgo ` W̄

g
o

σgη
q

Let sgo be the share of workers of gender g who match to occupation o, and sgN

the share that choose non-employment. These shares are observed. Rearranging

from above we have
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σgηlnps
g
oq ´ σ

g
ηlnps

g
Nq “ ūgo ` W̄

g
o (1.9)

lnpsgoq ´ lnps
g
Nq “

ūgo ` W̄
g
o

σgη
(1.10)

“
αgo ` γ

gFo ` W̄
g
o

σgη
(1.11)

1.6 Preference for Gender Ratio

Recall that in a logit model the mean utility in occupation o is equal to the log

of the ratio of the share employed (sgo) in that occupation to the share in non-

employment (sgN), or lnpsgoq ´ lnpsgNq. The mean utility can then be decomposed

into wage and non-wage utility which are common to all worker and job matches

of a given occupation and gender. The non-wage component is ūgo and the wage

component W̄ g
o . The impact of both on mean utility is mediated by the scale of

the taste heterogeneity (σgη).

lnpsgoq ´ lnps
g
Nq “

ūgo ` W̄
g
o

σgη
“
ᾱgo ` γ

gFo ` W̄
g
o

σgη

This equation cannot be estimated in the cross section because we have one αgo

parameter for each occupation, in addition to γgo and σgη , and only no moments.

1.6.1 Overview of Endogeneity and Instruments

In the sections below I introduce several strategies to identify the parameters γg

σgη

and 1
σgη

. First, I pool all six cross sections of data (1960-2012), allowing me to
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estimate the occupation-specific intercepts, αgo and use time variation in fraction

female and reservation wages to identify coefficients γg

σgη
and 1

σgη
. Unfortunately

using time variation means that estimates of γg

σgη
and 1

σgη
likely suffer from omitted

variable bias. Changes over time in both the gender ratio and the reservation wage

are likely correlated with changes in unobserved occupation attributes.

For example if an occupation is becoming more family friendly over time, and

this causes more women to enter the occupation, the coefficient on fraction female

will be biased upward for women. Similarly compensating differentials would lead

us to expect a downward bias on the coefficient on the reservation wage W g
o . For

both men and women if occupation amenities deteriorate over time, this may be

correlated with increases in wages.

Therefore in my second estimation strategy I introduce Bartik-style instruments

that exploit variation in the industry composition of occupations to isolate changes

over time in the fraction female and wage by occupation that are caused by labor

demand shifters. The use of instruments should isolate labor demand shocks, thus

tracing out the labor supply curve conditional on fraction female and wage level.

The identifying assumptions for the first set of instruments are that changes

in industry wage levels and gender ratios over time are uncorrelated with changes

in how workers value industries, and that changes in occupation attributes are

independent across occupations. The identifying assumptions for the second pair

of instruments is that changes in industry size over time that are correlated with

initial wage and gender ratios, are uncorrelated with changes in the worker valu-

ation of the industry. Lastly I introduce an instrument that interacts the initial

gender ratio by occupation and the relative growth rates of men’s and women’s

labor force participation over time. The identifying assumption is that changes in
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unobserved occupation attributes are independent across occupation.

1.6.2 Fixed Effects Specification

Recall from equation 1.9 that worker utility can be written as a function of the

share of workers by gender in each occupation and in non-employment:

lnpsgoq ´ lnps
g
Nq “

αgo ` γ
gFo ` W̄

g
o

σgη
(1.12)

In order to better match time variation in shares, a time effect βgt is added.

In addition, in the spirit of Berry (1994), εgo,t represents changes over time in the

utility of workers due to changes in unobserved occupation attributes, so changes

not due to movement in the fraction female or the reservation wages.

lnpsgo,tq ´ lnps
g
N,tq “

βgt ` α
g
o ` γ

gFo,t ` W̄
g
o,t ` ε

g
o,t

σgη

One concern with estimating this equation is that, leaving aside the structural

interpretation of the discrete choice model, it is unclear if the coefficients reflect

labor demand or labor supply. Skill requirements of occupations for example is

one factor, unmodeled on the firm side, that could lead to a spurious negative

correlation between the wage and the share of workers in an occupation. In order

to trace out the labor supply curve, variation in the fraction female and the wage

due to labor demand shocks is needed.
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Simultaneously, there is the problem of omitted variable bias due to correlation

between time varying occupation amenities εo,t and Fo,t and W g
o,t discussed above.

Ideally instruments driven by labor demand will also be uncorrelated with εo,t and

therefore solve the endogeneity problem.

1.6.3 Instrumental Variables

Changes over time in industry wage and gender ratio

The first set of instruments uses industry variation in wages and gender ratios, and

variation in the presence of industries within occupations, to predict occupation

level wages and gender ratios. For example, the reservation wage for administrative

assistants will be the weighted sum of the wages by industry for all industries that

exist in that occupation.21

The predicted fraction female in occupation o in time t is as follows:

F̂o,t “
ÿ

I

pIo ˚ F̂Io,t

Where pIo is the fraction of occupation o in industry I, and F̂Io the fraction

female in industry I excluding workers in occupation o.22 The predicted wage is

21Industries used are aggregates of the harmonized IPUMS codes of ind1990. Industries are
as follows: Agriculture, Forestry and Fisheries; Mining; Construction; Manufacturing; Trans-
portation, Communications, and other public utilities; Wholesale Trade; Retail Trade; Finance,
Insurance, and Real Estate; Business and Repair Service; Personal Services; Entertainment and
Recreation Services; Professional and Related Services; Public Administration.

22Note that in order for industry level fraction female or wage level to be estimated excluding
occupation o, it is necessary that each industry contain multiple occupations. In fact at the
level of aggregation I use, 14 major industries, every industry has employment in almost all
occupations.
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similarly the sum over industry of the industry wage by the industry composition.

Fraction female is measured as the fraction female in the older generations (ages

36-65) in the Census cross section. Industry wages are measured by gender as

lifetime incomes of those beginning their careers in a given industry as simulated

using the Census and SIPP data described above.

Pooling all six waves of data (1960-2010) is critical to the quality of the instru-

ments in two ways. First, the industry composition can be fixed in 1950, prior to

the sample data. This alleviates any concern that changes in industry composition

are correlated with changes in unobserved occupation amenities, which is critical

for the validity of the instrument (Goldsmith-Pinkham, Sorkin, & Swift, 2017).

Second, occupation fixed effects absorb the mean utility coming from the industry

composition. Therefore we must only assume that changes in how workers value

industries are independent across occupation.

This approach is valid as long as worker valuations of industries are indepen-

dent across occupations but industry demand is correlated across occupations. For

example, if wages in manufacturing are going up over time because the production

technology in manufacturing has become more efficient, then we would expect this

to have an impact on the wages of workers in occupations employed in manufac-

turing that is due to labor demand and independent of occupation amenities.23

One might worry that the reason reservation wages are increasing in manufac-

turing is due to a compensating differential from exactly the unobserved amenities

that confound the oLS regression on reservation wages. To avoid this concern, the

reservation wage level in the industry is calculated excluding the reservation wages

23The instrument is similar in style to D. H. Autor, Dorn, and Hanson (2013) where import
demand is assumed uncorrelated across countries but import supply correlated across countries.
It is also similar to Hausman instruments where product cost shocks are assumed correlated
across markets but demand shocks are independent (Hausman, 1996; Nevo, 2001).
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in the occupation being instrumented. So for example in the case of administra-

tive assistants, manufacturing wages would be calculated taking the mean over

only other occupations in manufacturing.

This so called leave-one-out estimator makes sense if the occupation wage or

gender ratio can be decomposed into a component due to its industry composition,

and another component due to occupation amenities24. The occupation amenity

component is assumed to be idiosyncratic and independent across occupations, so

that industry wage or gender ratios measured in other occupations are not cor-

related with the idiosyncratic amenity component of the given occupation. For

example if the working conditions as an administrative assistant in the manufac-

turing sector are getting worse over time because the working conditions for all

workers in manufacturing are getting worse, then the increase in wages observed

in manufacturing will be due to a compensating differential correlated with unob-

served amenities, invalidating the instrument.

Growth in Industry Employment

A more standard Bartik IV exploiting change over time in the the size of industries

is also used to instrument for the reservation wage and the gender ratio respectively.

The growth rate of industries since 1950 is the treatment and the initial wages

and industry fraction female25 are the exposure to the treatment. Changes in

24For example let the fraction female in occupation o and industry I be FIo, which can be
decomposed into an industry component FI and an industry*occupation component, εIo, which
is assumed independent across occupations. If labor supply side factors affecting either wage or
fraction female are independent across occupation they will be subsumed in εIo. Then FIo “

FI ` εIo, and F̂I “ meanpFIoq will be a consistent estimator for FI . Recall also that the mean
must exclude the instrumented occupation o˚ to avoid contamination from εIo˚ , so F̂Io˚ “

1
#o´1

ř

o‰o˚ FIo.
25Industry composition by gender is set in 1950. Wages are set in 1960 because the sample

size in the 1950 Census is too small to calculate lifetime wages
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employment by industry is a fundamentally different source of variation. The

instrument predicts changes in occupation wage and gender ratio over time due to

the prominence of certain industries due to production technology or demand side

factors, not including the impact of these factors on changes in wage or gender

ratio since these are fixed in the initial period, and therefore controlled by the

occupation fixed effects.

The predicted occupation fraction female is

F̂o,t “
ÿ

I

pIo,initial ˚ FIo,initial ˚
sizeIo,t

sizeIo,initial

where pIo,initial and FIo,initial are the occupation*industry composition and frac-

tion female respectively, which are fixed at the initial period, and the sizeIo,t is

the total employment level in industry I excluding occupation o in year t. The

changes over time in the predicted F̂o,t are driven by changes in industry size. I

exclude own occupation in the estimation of industry size.

One requirement for validity of the instrument is that the growth in the size

of industries, and therefore the exposure of occupations to the wages and gen-

der ratios predicted by those industries, is due to product demand or productive

efficiency changes over time. So for example say that demand for manufactur-

ing is growing over time and therefore more jobs are available in the occupations

in manufacturing. We would expect the wages and gender ratios in occupations

found in manufacturing to be more and more reflective of the growing prevalence

of manufacturing.

The main threat to validity of the instrument is if the wages and gender ratio in

manufacturing are reflective of underlying amenity values that are common across
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all occupations in manufacturing. In that case, even if the growth of an industry

is exogenous, its increased prevalence in an occupation will be correlated with a

change in the amenities in that occupation. This is less important to the extent

that my paper is concerned with occupation amenities not industry amenities.

Changes over time in employment by gender

Another source of variation made possible by the panel is variation in the relative

value of employment and non-employment for men vs. women over time. Fixing

occupation gender ratios in the initial period, the instrument predicts changes in

occupation gender ratios due only to the gender ratio of those employed in all

other occupations. Assuming changes in occupation attributes are independent

across occupation, growth in the ratio of employed to non-employed in all other

occupations will not be correlated with growth in amenities in the given occupation.

The identifying variation is changes in the relative value of home vs. work by

gender, projected onto current occupation gender ratios based on previous gender

ratios. This is similar to instrumenting for immigration patterns based on overall

flows of immigrants and initial shares (Altonji & Card, 1991). One might expect

initial fraction female to impact flows into an occupation through occupation at-

tributes that are fixed over time. Since fixed attributes are controlled by fixed

effects, variation over time is assumed to be due only to changes in labor force

attachment of men relative to women relative to the initial period. For recent

evidence of changes in labor force attachment by gender see Albanesi and Sahin

(2017).

The instrument may be invalid if the changes in labor force attachment are

driven by changes in occupation amenities, and these changes are correlated with
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initial amenities. So for example we see a high fraction female for teaching non-

postsecondary in 1960 and also growth in the number of female teachers over

time. Under the assumption of the instrument the growth in the number of female

teachers is due to an overall increase in female labor force participation and the

fixed amenities component of teaching being attractive for women. However, if the

increase in female labor force participation is driven by growth in the amenity value

of teaching, and the amenity value growth is correlated with the initial amenity

value, then the instrument is endogenous.

The instrument is constructed as follows. Let Fo,initial be the fraction female in

the occupation in the initial period. Let the number of men and women employed

in all occupations except o in time period t be #Mt and #Wt.

Define the relative growth in female vs. male employment rt as

rt “

#Ft
#Mt

#Finitial
#Minitial

Then the fraction female in occupation o predicted by the instrument in time

t, F̂o,t is as follows:

F̂o,t “ Fo,initial ˚ rt

Firm willingness-to-pay parameters

Since the first stage F statistics are low, I additionally include the willingness-

to-pay estimates WTP g
o from the job side of the model, as instruments. The

WTP g
o are a measure of how much firms value workers should be uncorrelated
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with unobserved amenities, assuming amenities are fixed, and therefore are a good

proxy for labor demand side factors that will shift the reservation wage. The ratio

of WTPMo
WTPFo

is also used as a proxy for labor demand.

1.7 Data

The primary data elements needed to estimate the model described above are: ex-

pectations of lifetime labor income by occupation and gender, shares of workers by

gender and age cohort choosing each occupation and non-employment, a measure

of unfilled jobs by occupation (for some specifications), and occupation attributes

(for some specifications).

Lifetime wages and shares of workers by gender and occupation are estimated

using a combination of Census data and SIPP data.26 occupation codes are con-

structed by aggregation of the IPUMS harmonized codes (occ1990). Aggregation

is done to achieve sufficient sample size. See appendix A.0.1 for the full list of

occupation codes.

While the Census and ACS provide cross sectional wage and occupation, the

SIPP is needed to provide a panel for the construction of lifetime labor income.

While using cross sectional data may be sufficient to create estimates of lifetime

income when only a few moments are needed, for my identification strategy the

shape of the wage distribution is critical, and I therefore cannot assume that every

worker obtains, for example, the median income for their chosen occupation at

each age. The resulting distribution is mechanically quite lumpy. One reason that

26Public use Census 1960, 1970, 1980, 1990, 2000, and 2012 three-year ACS data obtained
from IPUMS (Ruggles, Genadek, Goeken, Grover, & Sobek, 2015). SIPP data from the 2004
and 2008 panels are constructed using the NBER files (U.S. Census Bureau, 2017).
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the lifetime income distribution in reality might be much smoother than a cross-

sectional approximation is that workers transition stochastically over time between

wage levels and occupations.

To model worker transitions over time as probabilistic, panel data from the

SIPP is essential. Using pooled data from the 2004 and 2008 panels, which are four

and five years long respectively, I construct transition rates through five quantiles

of earnings and occupations by worker age and gender. Because of limited sample

size, I assume that transition rates are the same for each five year period starting

at age 25, and depend only on the current state not the past history (first order

markov assumption). The five quantile cut offs are estimated in the Census data

where the larger overall sample size allows for more accuracy.

Income quantiles from Censuse, by age, gender, and occupation, are denoted

quan below. Occupation is denoted occ, and five year age bracket age. Transition

rates from year to year, where x1 indicates the value of x in the following year, are

then estimated non-parametrically as follows:

Prpquan1, occ1|quan, occ, ageq “

ř

i Ipi P quan1, occ1, quan, occ, ageq
ř

i Ipi P quan, occ, ageq

This transition matrix is then used to simulate worker career paths from the

starting point of workers aged 25-35 in the Census and ACS.27 The lifetime income

assigned to each observation in the Census or ACS is the sum of their simulated

career path through the SIPP transition matrix. For a comparison of estimated

lifetime income paths to observed lifetime income paths in the PSID, see appendix

27CPS or CPS MoRg data could be added to get an earlier estimate of these transition rates.
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??. Their assigned choice of occupation is taken as the occupation they start out

in at ages 25-35 as observed in the Census. This avoids measurement error in

occupation that could come from simulated occupation choice, and allows for the

interpretation that the occupation choice early in life includes the expectation of

all future transitions.

The Job openings and Labor Turnover Survey (U.S. Bureau of Labor Statis-

tics, 2017) is used to construct a measure of unfilled jobs by occupation. Since

JOLTS does not directly contain occupation, only NAICS industry codes, indus-

tries are projected into occupations using contemporaneous occupation industry

shares estimated in CPS (Flood, King, Ruggles, & Robert, 2015). The estimated

openings by occupation is then divided by the total number of people employed in

the occupation to get the ratio of openings to employed.

I also make an estimate of the number of openings that remain open at the end

of the year by assuming that the probability that a job is filled is uniform across

time and jobs. Then the daily rate of hiring is equal to the total number of hires

that month divided by the number of days in the month. Then the probability a

job is not filled on a given day is one minus this daily hire rate, and the probability

a job is unfilled for the year is this probability to the power of 365. This measure

of unfilled jobs will be used for robustness.

Additional data on occupation attributes from the Dictionary of occupation

Titles (1977), the ONET database (1998-2016), the CPS work supplement, and

recently collected job opening data from Atalay et al. (2017), are included in some

specifications. The DoT contains a number of measures of skill requirements of the

occupation and occupation tasks in including the level of complexity with which

a worker relates to people, data, and things on the job. The ONET contains a
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myriad of job context and task measures, most importantly competition, contact

with others and time pressure, previously identified by Goldin (2014) to be of

potential differential interest to women and men.28 IPUMS CPS work supplement

data from 1991, 1997, 2001, 2004 is pooled to obtain a measure of flexible working

hours and nonstandard end time of job. I also use occupation attribute data from

? (?), who use changes over time in job opening ads in several major newspapers

to get measures of occupation characteristics that vary over time.

1.8 Model Estimates

1.8.1 Reservation Wages and Willingness-to-pay

Unlike the mean wage by occupation, the latent reservation wage W̄ g
o controls for

the fact that in observed wages, we see only the most attractive jobs filled in each

occupation. W̄ g
o is unconditional on selection effects, and reflects the common

component of the reservation wage to every worker of gender g at any job in

occupation o.

It has been noted (see eg. Macpherson and Hirsch (1995); Levanon et al. (2009);

Addison, Wang, and Ozturk (2017)) that both men and women have lower wages

the higher the female share in an occupation. Estimation results indicate that in

contrast to observed wages, the model estimated reservation wages for men, W̄M
o ,

are positively correlated with the fraction female (estimated correlation coefficient

28The ONET is updated continuously such that all occupations have been updated at least
once during the period 1998-2016. Thus the oNET itself can be used as a measure of changes
in occupation attributes but only during this limited time period. Similarly some occupations in
the DoT were updated in 1991, allowing for some longitudinal variation between 1977-1991, and
potential for rough mapping of the 1991 DoT into the 1998 oNET.
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of 0.6), where the unit of observation is an occupation-year. The correlation coef-

ficient between fraction female and observed labor income is ´0.16. Reservation

wages for women (W̄ F
o ) are negatively correlated with the fraction female (corre-

lation coefficient ´0.77), just like observed wages (correlation coefficient ´0.12).

To give a model interpretation to these patterns, although reservation wages

for men in female-dominated occupations are quite high, very few men take up

these jobs because they are too expensive for firms, leading to low observed mean

wages from compensating differentials from selection into only the jobs with the

best amenities. This pattern is consistent with a preference on the part of men for

not working in female occupations.

In contrast, the higher the fraction female in an occupation, the lower the

reservation wage to women W̄ F
o . This could also imply a compensating differential.

The lower common component of reservation wage for women in female-dominated

occupations is consistent with a preference for working with women.

In general women receive lower reservation wages than men (offergap “ W̄F
o

W̄M
o
ă

1) and are less valued by jobs (revgap “
ĞWTP

F
o

ĞWTP
M
o

ă 1). As would be expected

from the patterns described above, in general the higher the fraction female, the

larger the gap between male and female reservation wages. On the other hand

occupations with a high fraction female also tend to have a higher ratio of female

to male willingness-to-pay parameters (revgap). This is consistent with a Roy

model with women sorting into occupations in which they are more valued by jobs

(thought not through a wage mechanism necessarily since both observed wages

and reservation wages are lower for women in female-dominated occupations).

In Table 1.1 we see the “Reservation Wage Gap”, which is the female to male
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ratio of reservation wage common components, “WTP Gap”, which is the ratio of

willingness-to-pay parameters, and “Lifetime Income Gap”, which is the ratio of

estimated lifetime income. All values are averaged across year by occupation. The

full set of job side model parameter values and histograms of the model fit of the

lifetime income distributions and shares can be found in Appendix Section A.0.4.

1.8.2 Gender Preference Results

In general I find very weak evidence for a preference on the part of men to not enter

into very female-dominated occupations, and a strong and robust preference on the

part of women for entering into female-dominated occupations, which is around

two to four times the preference for log wages, meaning that if the reservation

wage in an occupation went up by 10% this would have an equivalent effect on log

utility (ūFo ) of an increase to the fraction female in the range of 0.025 to 0.05.

Graphical representation of the preference structure under the assumption of

linear, quadratic or cubic form is given in Figure 1.4. Women have generally

increasing utility in the fraction female. In the quadratic and cubic specifications

the preference for occupations with more women is steeper the fewer women there

are in the occupation. By contrast for men, utility is relatively flat in the fraction

female and not statistically different from zero.

Results for the industry and employment growth panel instruments are in Ta-

bles 1.2 and 1.3. All tables report fixed effects regressions on the pooled data.

Estimation is done using limited information maximum likelihood29, with standard

errors clustered at the occupation level.30 I report only the linear specification for

29Two stage GMM results are similar.
30I expect errors correlated within occupation due to occupation fixed effects and possible
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men and the cubic specification for women because these seem to fully capture the

functional form and obtain the highest first stage F statistics in the preferred IV

specification.

The first column is an un-instrumented fixed effects regression. The second

column (IV1) includes the instruments using variation in industry wage and frac-

tion female over time. The third column (IV2) includes these instruments and

subsequently includes instruments from the variation in occupation size over time.

The fourth column (IV3) also includes all previous instruments and also adds in

the instrument exploiting variation in the size of the male and female labor force

relative to the initial period. The last column (IV4) additionally includes the firm

willingness-to-pay parameters WTP g
o for men and women respectively and the ra-

tio of firm willingness-to-pay parameters WTPMo
WTPFo

. This final column is the preferred

specification.

For both men and women the first column, un-instrumented fixed effects re-

gression, exhibits a negative wage coefficient. This implies that even though the

fixed effects have controlled for any time invariant omitted variables, the changes

over time may still be picking up unobserved labor demand factors, changes in

occupation attributes, or other omitted variables. Therefore I proceed to fixed

effects regressions with instruments. These equations should be identified off labor

demand shocks. Only the last column using all available instruments achieves an F

statistic31 around 10 for men and women. In this specification the wage coefficient

is also positive.

For men this specification implies no significant preference over the reservation

differences in model fit across occupations.
31Weak instruments are assessed using the Kleibergen-Papp rk F statistic (denoted “KP rk F”

in the tables).
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wage or the fraction female. This could be accurate, or could be due to a lack

of variation over time in men’s labor market outcomes, which is corroborated by

much higher overall F statistics for the female regression than the male.

For women the estimated preference is economically significant in terms of the

impact on occupation choice. Moving the fraction female in a single occupation

from the 25 percentile (F “ .2) to the 75th percentile (F “ .76) would have an

average marginal effect of moving 570% more women into that occupation under

the IV 4 specification (see Table 2.2). These effects are partial equilibrium, holding

the equilibrium wage vector fixed and only allowing changes to the decisions made

by workers. Allowing the wage vector to adjust would imply a smaller impact of

the fraction female on shares in each occupation.

The impact of moving the log reservation wage from the 25th to 75th percentile

is offered for comparison purposes and is much smaller, only an average marginal

effect of 90% more women or 53% more men. A change in fraction female from 0

to 100 would be equivalent to about a 300% increase in log wages in terms of the

effect on women’s utility.

The fixed effects for men and women differ drastically as well, corresponding

to very different valuations of the non-wage utility of the occupations. The fixed

effects by gender can be found in Table ??.

1.9 Dynamics

The dynamics of the model result from sequential updating of the fraction female

in each occupation with each cohort of workers. In each ten year period, only young
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workers ages 25-34 choose a new occupation, while older cohorts in age brackets 35-

44, 45-54, 55-65 are fixed in their occupation. When the current cohort of workers,

ages 25-34, make occupational decisions, they face the gender ratio produced by

older cohorts of workers.

The occupation choice of each worker is fixed for the rest of their working life-

time (assumed to be 4 periods), and workers do take into account predicted future

evolution of the fraction female. Workers and jobs are assumed to be numerous

enough that no single worker need take into account their own impact on the

fraction female in their occupation of choice.

Let the fraction female in occupation o observed by the young cohort before

making their decisions be Fo. Let the fraction female among cohort C in occupation

o be Fo,C . Note that Fo,C results only from the decisions made by cohort C. Then

the fraction female in occupation o observed by the current generation when they

make their decisions is Fo and can be decomposed into the weighted average of

decisions of previous generations as follows.

Fo “
no,C´1Fo,C´1 ` no,C´2Fo,C´2 ` no,C´3Fo,C´3

no,C´1 ` no,C´2 ` no,C´3

Given this observation of Fo in each occupation, cohort C makes occupation

decisions, producing the fraction female in their generation, Fo,C . Fo,C will then

be taken as given by future generations and so on.
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1.9.1 Counterfactual Wage Equilibrium

In the dynamic simulations I assume that the willingness-to-pay parameters WTP g
o

are fixed. The choices of the previous cohort produces new values of worker utility

(ugo Ñ u˚go ) through the fraction female. I then solve for the new type level transfers

W̄ ˚g
o that equate the market. W̄ ˚g

o is then the center of the counterfactual reserva-

tion wage distribution which equates the new supply and demand for workers and

jobs, assuming the distribution of individual job and worker taste heterogeneity is

held fixed.

W̄ ˚g
o must equate the number of jobs in o choosing gender g to the number of

workers of gender g choosing occupation o. This must hold for any gender g P g

and occupation o P o. Intuitively, with equilibrium wages there can be no workers

or jobs that want to match but cannot.

Let no be the number of jobs in occupation o, and ng the number of workers of

gender g.

ngPrpworker of gender g chooses occupation oq “ noPrpjob in occupation o chooses gender gq

Written in terms of the choice probabilities defined above we have:

ng
expp ū

g
o`W̄

g
o

σgη
q

ř

o expp
ūgo`W̄

g
o

σgη
q
“noPrpĞWTP

g
o ´ W̄

g
o ` ξ̄

g
j ě

ĞWTP
´g
o ´ W̄´g

o ` ξ̄´gj q

˚ Prpξ̄Fj ě ´
ĞWTP

F
o ` W̄

F
o q ˚ Prpξ̄

M
j ě ´ĞWTP

M
o ` W̄

M
o q
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1.9.2 Status Quo Simulations

In Figures 1.5-1.8 below, I simulate future generations of workers to determine if

the current level of sorting is stable or what amount of segregation will emerge in

the future. For the purposes of these stylized simulations I assume that workers

are fixed in their starting occupation for the rest of their lives, rather than impute

later life changes in occupation which may be biased or noisy. We can get a sense

of model fit by comparing the model simulated segregation patterns over the time

period for which we observe real segregation patterns (1960-2012).

I also assume there are no changes to parameters, which isolates the impact

of the endogenous movement of the fraction female across generations. All other

inputs are fixed at the 2012 values, the last year of data. In the top right panel,

I assume that the wage levels by occupation are fixed over time, simulating the

outcome in a one-sided model of occupation choice. In the bottom panel I allow

the wages to update through the market clearing condition of the matching model

described above.

The results of the simulation vary by occupation. Some occupations, eg. nurs-

ing and administrative support, remain almost fully female. Other occupations

such as manufacturing and farming converge to fully male. Occupations that ap-

pear to tip male include food preparation and service and retail. Occupations that

appear to tip female include engineers and doctors (health diagnosing occupations).

Whether or not management related occupations becomes male or female depends

on whether the market clearing wage is allowed to update. If the wage is fixed this

occupation becomes highly male dominated. However if the market clearing wage

is adjusted, it becomes female dominated.
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The fit of the model can be assessed by comparing the top left panel, which

is observed fraction female by occupation in the Census data,32 to the right and

bottom panels, which are model simulations. Note that the model simulations do

not exactly match the Census data patterns in the top left because the dynamic

updating of the fraction female by cohort was not a moment targeted by the model.

Another reason for discrepancy between the model predictions prior to 2012

and the observed data prior to 2012 is that the model prediction fixes workers in

their starting occupation for their entire lifetime. Therefore we would expect a

discrepancy to the extent that some occupations have a different fraction female

among younger workers than older workers, for example if there is differential

attrition due to fertility among women by occupation.

Although the preference for men are weakly identified (and not statistically

significant) these dynamic patterns hold broadly even if men are given a coefficient

on fraction female at the lower bound of the confidence interval. This is the case in

which we would assume men would be most likely to flee female fields and reinforce

tipping.

1.9.3 Initial Parity Simulation Results

Dynamics from the endogenous evolution of the fraction female means that the

long run sorting patterns could depend on the initial conditions, or historical seg-

regation. To test this hypothesis I begin my simulation assuming that in the initial

year of 1960, all occupations were 50% female. The figures 1.9 through 1.12 show

that this does affect the long run outcome, especially in the case where I do not

32Both observed and simulated fraction females are for age ranges 35-64
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allow the equilibrium wage to update. However overall, the patterns are shockingly

similar today as if occupations had begun from the observed segregated position.

This could mean that we are currently in a stable equilibrium, and that beginning

at parity is close enough to this stable point that we would still converge to the

same equilibrium.

1.9.4 Discussion

Firm preferences generally mitigate the impact of the worker side gender prefer-

ences in determining sorting patterns. For example, we can consider a world in

which nursing is 100% male in 1960 instead of closer to 100% female as observed in

reality. The 100% male sorting is stable if we ignore firm preferences. No women

want to enter nursing when it is 100% male-dominated because of the preference

for working with women. However, in equilibrium with firm preferences, to equate

supply and demand reservation wages must go up for women considering entering

nursing to compensate for the disutility of the low fraction female. When this is

the case, some number of women with particularly high utility from nursing will

be enticed to enter the occupation by the high wages. The entry of some women in

turn makes nursing more attractive for the next generation, lowering their reser-

vation wages, which makes women more attractive for firms to hire. This process

continues until nursing is female-dominated, as observed in the data.

The wage adjustment process for the male nursing simulation is shown in Figure

1.13. Dotted lines are observed reservation wages, while solid lines are counterfac-

tual reservation wages. We can see that although female wages in nursing start out

very high due to the compensating differential, they very quickly drop as nursing

feminizes until women are cheaper to hire.
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Similarly if Mechanics and Repairers were made to be a 100% female occupation

in 1960, this would only be stable in the absence of wage adjustment. With wage

adjustment, which can be seen in Figure 1.14, female wages quickly skyrocket as

more and more men start to become Mechanics and Repairers, until eventually

women are no longer affordable to hire.

In general, consistent with the simple tipping model presented in the intro-

duction, we have stable equilibria at 100% male, and at varying levels of female

dominated depending on the exact location of the male and female labor supply

curves. Movement to 100% female dominated is mitigated by the fact that wages

are bounded below by zero, so without male gender preferences moving the male

reservation wage distribution up, it is unlikely that every woman will be cheaper

to hire than every man. This is exacerbated by the fact that in most occupations

firms have a higher willingness to pay for male workers.

On the other hand, in occupations with low fraction female, wage adjustment

does allow movement to close to 100% male. In these cases, the female reserva-

tion wage distribution moves up to the point that it is entirely above the firm’s

willingness-to-pay. This is again a phenomenon that hinges on the willingness-to-

pay gap.

The extent to which occupations exhibit more or less tipping depends on the

extent to which they are not yet in a stable equilibrium, which depends on the

relative non-wage utility of male and female workers, the willingness-to-pay gap,

and also these values in all other occupations since the workers’ and firms’ outside

options matter for labor supply and demand.

Most occupations appear to be close to their stable equilibrium based on the

54



limited amount of movement that occurs both in the status quo future simulation,

and in counterfactuals.

1.10 Conclusion

I examine the consequences of gender segregation as an endogenous occupation at-

tribute and find that current preferences could result in long run tipping patterns

in the future akin to those identified in Pan (2010). However the evidence that

I uncover points to the importance of womens’ preferences for entering female-

dominated occupations and against entering male-dominated occupations, with

little to no role for mens’ preferences against entering female-dominated occupa-

tions.

Furthermore the matching model allows market clearing wages to adjust, which

can exacerbate or attenuate the tipping dynamics depending on the preference

structure, and where an occupation is relative to its stable equilibrium. Most

occupations appear to be close to their stable equilibrium based on the limited

amount of movement that occurs both in the status quo future simulation, and in

the counterfactual simulations of initial parity and shocks to nurses and mechanics.

However, future adjustment in the fraction female, with equilibrium wages, has

the impact of furthering the feminization of some occupations. Not only do we

see health diagnosing occupations, engineers, architects and surveyors, and math

computer and natural science become female-dominated, we also see executive,

administrative and managerial, post-secondary teachers, and management related

occupations become more female. Male occupations predicted to become more

male in the future include various machine operators, while precision production
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occupations will become somewhat more feminine.

In future work I will simulate the impact of integrative policies such as wage

subsidies or amenity requirements on segregation dynamics. My simulations in-

dicate that integration may require changes to fundamental economic parameters

such as non-wage amenities and firm preferences, rather than temporary shocks to

gender composition, to achieve long run changes.

1.11 Tables and Figures

1.11.1 Figures

Figure 1.1: Stylized Model of Tipping from Pan 2010
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Figure 1.2: Sales Representatives, Finance, and Business Services: Observed vs.
Model Reservation Wages

Figure 1.3: Health Service occupations: Observed vs. Model Reservation Wages
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Figure 1.4: Male and Female Log Utility by Fraction Female in Occupation

Results of instrumental variables regressions with occupation fixed effects
on 6 waves of Census and ACS data (1960-2012), 34 occupations, using
reservation wages estimated earlier using MLE.

Figure 1.5: Status Quo: Simulated Occupation Segregation Patterns
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Figure 1.6: Status Quo: Simulated Occupation Segregation Patterns

Figure 1.7: Status Quo: Simulated Occupation Segregation Patterns
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Figure 1.8: Status Quo: Simulated Occupation Segregation Patterns

Figure 1.9: Initial Parity: Simulated Occupation Segregation Patterns
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Figure 1.10: Initial Parity: Simulated Occupation Segregation Patterns

Figure 1.11: Initial Parity: Simulated Occupation Segregation Patterns
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Figure 1.12: Initial Parity: Simulated Occupation Segregation Patterns

Figure 1.13: Status Quo: Simulated Occupation Segregation Patterns
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Figure 1.14: Status Quo: Simulated Occupation Segregation Patterns
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1.11.2 Tables
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Table 1.1: Average Model Estimates by Occupation

Occupation Res. Wage Gap WTP Gap Lifetime Income Gap
Teachers, Postsecondary 0.70 0.71 0.53
Teachers, Except Postsecondary 0.50 0.81 0.58
Social Scientists, Lawyers, Judges, Urba 0.56 0.71 0.66
Social, Recreation, and Religious Worker 0.78 0.75 0.54
Writers, Artists, Entertainers, and Athl 0.71 0.57 0.57
Health Technologists and Technicians 0.50 0.70 0.51
Technicians except health 0.76 0.53 0.52
Sales Representatives, Finance and Busin 0.65 0.57 0.55
Sales Workers, Retail and Personal Servi 0.52 0.50 0.51
Administrative Support 0.42 0.83 0.53
Records Processing Occupations, Except F 0.56 0.76 0.59
Financial Records Processing Occupations 0.40 0.91 0.51
Mail and Material Distribution 0.95 0.62 0.56
Adjusters and Investigators 0.56 0.76 0.54
Miscellaneous Administrative Support Occ 0.45 0.77 0.54
Protective Service 0.89 0.48 0.54
Food Preparation and Service Occupations 0.66 0.65 0.55
Health Service Occupations 0.43 0.85 0.55
Cleaning and Building Service Occupation 0.74 0.56 0.50
Private Household and Personal Service 0.43 0.70 0.52
Agriculture, Forestry and Fishing 0.93 0.49 0.55
Mechanics and Repairers 1.63 0.46 0.58
Construction and Extraction 1.50 0.29 0.58
Precision Production Occupations 0.70 0.49 0.54
Metal, Wood, Plastic, Print, Textile 0.72 0.52 0.50
Machine Operators, Fabricators, Assemble 0.86 0.53 0.57
Road, Rail and Water Transportation 1.04 0.42 0.55
Material Moving, Laborers 1.06 0.54 0.54
Executive, Administrative, and Manageria 0.70 0.55 0.55
Management Related Occupations 0.66 0.64 0.55
Engineers, Architects, and Surveyors 1.18 0.55 0.62
Math, Computer, and Natural Science 0.87 0.64 0.59
Health Diagnosing Occupations 0.96 0.70 0.56
Health Assessment and Treating and Thera 0.38 0.93 0.61
Total 0.75 0.63 0.55

Gaps are the ratio of female to male values. Reservation wages and willingness to pay are
estimated from the transferable utility matching model using Census and ACS data matched
to simulated lifetime income data from the SIPP. Values are the average across data years
(1960, 1970, 1980, 1990, 2000, 2012) within occupation.
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Table 1.2: Decomposition of Utility for Male Workers: Panel Evidence

FE FEIV1 FEIV2 FEIV3 FEIV4

Fraction Female ( γM

σM η
) 0.666 0.549 1.605 0.00397 -0.0197

(0.644) (3.014) (2.298) (1.179) (1.049)

Latent Wage Offer -0.916 3.248 1.071 1.815 1.703
(0.564) (4.501) (2.091) (1.875) (1.705)

Constant -2.615˚˚˚

(0.294)

Year dummies Yes Yes Yes Yes Yes
Observations 204 204 204 204 204
KP rk F= 0.533 1.930 1.857 8.622

Standard errors in parentheses are clustered at the occupation level.
˚p ă 0.05,˚˚ p ă 0.01,˚˚˚ p ă 0.0001

Table 1.3: Decomposition of Utility for Female Workers: Panel Evidence

FE FEIV1 FEIV2 FEIV3 FEIV4

Fraction Female ( γF

σF η
) 2.870˚˚˚ 11.11 8.206˚˚ 4.363˚ 4.569˚˚

(0.577) (47.53) (3.001) (1.808) (1.540)

Squared distance from parity -4.383˚˚˚ 16.67 -6.907 -6.980 -7.328
(0.915) (283.6) (6.724) (4.274) (3.772)

Cubed distance from parity -4.506 -86.89 -36.70 7.749 6.664
(2.605) (678.1) (23.72) (9.780) (9.718)

Latent Wage Offer -0.151 7.630 1.037 1.843˚ 1.932
(0.299) (72.56) (2.165) (0.886) (1.039)

Constant -5.165˚˚˚

(0.224)

Year dummies Yes Yes Yes Yes Yes
Observations 204 204 204 204 204
KP rk F= 0.00234 0.759 5.255 10.03

Standard errors in parentheses are clustered at the occupation level.
˚p ă 0.05,˚˚ p ă 0.01,˚˚˚ p ă 0.0001
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Table 1.4: Percent change in shares moving from 25 to 75 percentile

Variable Mean Std. Dev. Min. Max.
Male Wage Effect 53.47 27.227 5.319 90.969
Female Wage Effect 90.103 51.986 25.796 207.14
Male Gender Effect -0.712 0.295 -1.095 -0.141
Female Gender Effect 569.641 297.007 137.09 1179.42

N 204
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Table 1.5: Fixed effects by occupation

occtitle fe1 fe2

Sales Representatives, Finance and Business Services 1.66 1.25
Machine Operators, Fabricators, Assemblers, Testers 2.67 1.1
Material Moving, Laborers 2.79 1.96
Teachers, Postsecondary 0 0
Teachers, Except Postsecondary 1.02 1.48
Social Scientists, Lawyers, Judges, Urban Planners, Librarians .17 -.15
Social, Recreation, and Religious Workers -.07 .54
Writers, Artists, Entertainers, and Athletes .96 .31
Health Technologists and Technicians -.71 .2
Technicians except health 1.59 1.6
Sales Workers, Retail and Personal Services 2.06 1.85
Administrative Support .36 2.04
Records Processing Occupations, Except Financial -1.07 -.32
Financial Records Processing Occupations -.84 .75
Mail and Material Distribution 1.82 1.39
Adjusters and Investigators .38 1.17
Miscellaneous Administrative Support Occupations .34 1.14
Protective Service 1.66 1.73
Food Preparation and Service Occupations 1.66 1.35
Health Service Occupations -.54 1.28
Cleaning and Building Service Occupations, Except Household 1.22 1.34
Private Household and Personal Service .33 1.66
Agriculture, Forestry and Fishing 2.22 1.2
Mechanics and Repairers 2.73 1.35
Construction and Extraction 2.93 1.1
Precision Production Occupations 2.06 1.84
Metal, Wood, Plastic, Print, Textile 1.52 .42
Road, Rail and Water Transportation 2.64 1.89
Executive, Administrative, and Managerial Occupations 2.5 2.35
Management Related Occupations 1.33 1.29
Engineers, Architects, and Surveyors 1.38 1.17
Math, Computer, and Natural Science 1.02 .89
Health Diagnosing Occupations -.22 .33
Health Assessment and Treating and Therapists -.7 .82
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CHAPTER 2

INTRAHOUSEHOLD INTERACTION AND MARRIED FAMILY

LABOR SUPPLY

Abstract

Although the labor supply of married women in the U.S. has changed dras-

tically over the past half-century, little is known about the role of household

decision-making. In this paper, I use a bivariate probit and a Nash best-

response game to look for changes in how households supply labor over time

in Census and PSID data. Consistent with past literature, I find in general

that husbands prefer a household where one spouse specializes in home pro-

duction and the other in market work, while wives prefer either both spouses

work or both stay at home. Identification of these asymmetric effects comes

from exclusion restrictions and sufficient variation in the characteristics of

husbands and wives that push them to work in the market or at home.

Lastly, I allow the interaction between spouses to depend on whether there

are children in the home, or spouse’s labor income. I find that children in-

crease complementarity of labor supply decisions for men and substitutabil-

ity for women, but this has reversed over time for men. Higher income

husbands decrease the return to working for wives, but higher earning wives

increase the return for husbands, consistent with a preference against being

out-earned.

2.1 Introduction

The employment decisions of married households are important drivers of overall

employment trends, with the increase in married women’s labor force participation

accounting for most of the increase in women’s labor force participation in recent
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decades (F. Blau & Kahn, 2007). Although much attention has been paid to

household models of consumption, including unitary, collective, and cooperative

game theoretic models, less work has focused on the mechanics of household labor

supply decisions (Rode, 2011).

This paper treats the extensive margin of labor supply as a non-cooperative

game between husband and wife. Outcomes are Nash equilibria, which are the

solutions to mutual best response functions. One advantage of this framework

is that no intrahousehold contracts are required to sustain the equilibria. By

definition, no agent has the incentive to deviate, so no enforcement is required

(S. Lundberg & Pollak, 1994). The non-cooperative game also has the advantage

that non-pareto optimal outcomes are possible, which seems intuitively reasonable

given the range of behaviors observed in households, including potentially limited

communication between spouses.

Another advantage of the Nash solution is its simplicity. In collective mod-

els rich data on consumption is needed to pin down the pareto weights for each

spouse (see for example (Blundell, Chiappori, & Meghir, 2005) and Cherchye,

Rock, and Vermeulen (2012)). Likewise in bargaining models, a researcher must

assume threat points either internal or external to the household to identify the

model. In the non-cooperative game, one can estimate the impact of a spouse’s

decision without making assumptions beyond individual utility maximization.

I expand upon previous non-cooperative labor supply literature by allowing

spousal interaction to vary by the presence of children in the household. S. Lund-

berg (1988) finds this to be an important source of heterogeneity in household

labor supply. I then further allow a spouse’s labor earnings to affect their part-

ner’s utility from entering the labor force. This is important because in a the
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baseline model, as in previous literature, utility from a spouse entering the labor

force is not allowed to vary by the spouse’s earnings. It is much more realistic to

allow the possibility of a household budget constraint.

Results from a basic model similar to Bjorn and Vuong (1984), Kaya (2013),

and Kooreman (1994) allow the interaction between the spouses’ decisions to be

summarized in a single constant parameter. The basic model replicates the findings

of (Bjorn & Vuong, 1984), including the result that men want to work more if their

wife is at home while women want to work more if their husband works. Kooreman

(1994) found a positive impact for both spouses, but the asymmetric interaction

result is consistent with their Stackelberg results, both under the assumption that

the husband moves first and the wife moves first. Acosta-Pena (2011) find that

husbands working is detrimental to the value to women of working in the context of

Mexico. (Kaya, 2013) follows Kooreman (1994) in exploring various mechanisms,

including bivariate probit, Nash, Stackleberg, and pareto optimality. In both the

Nash outcome and the Stackleberg husband leader outcome, they also find opposite

signs by gender using 2000 Census data, and focus on wage elasticities across

education categories.

Estimates come from the Panel Study of Income Dynamics from 1970-2011,

split into two time periods. The “early” period runs from 1970-1989, and the

“late” period from 1990-2011. Estimates are also done using the decennial Census

from 1970-2000 by year, and the 2011 3-year ACS. In the PSID in both periods

men prefer to work more if their wives are at home, and women prefer to work

more if their husbands are at work, implying that men may view leisure time as a

complement to wife’s leisure time, and wives view it as a substitute. In the Census

we see a change over time. In 1970 and 1980, men prefer to work more if their wife
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is home, in 1990 the interaction is insignificant, and in 2000 and 2011 men prefer

to work if their wife works.1

I next allow the interaction parameter to vary by the presence of children either

under the age of five or over the age of five in the household and find in general

that children lead wives to want to work less if their husband works, and husbands

to want to work more if their wives work. However, in later years, both husbands

and wives prefer to stay at home more if they have children under 5 and their

spouse works.

Lastly I introduce spouse’s labor income into the interaction term. I find that

a higher earning husband decreases the return to working for wives, consistent

with income pooling and diminishing utility from income. Surprisingly, I find that

higher earning wives increases the return to working for men, and this effect has

been increasing over time.

Unfortunately in this paper, as in past literature using cross-sectional data,

spousal interaction cannot be separately disentangled from assortative matching

or other marriage market selection effects. The asymmetric result by gender could

in fact be confounded by asymmetric marriage preferences. Men who want to

work may prefer to marry women who want to stay at home, while women who

want to work may prefer to marry husbands who also work. The heterogeneity in

results by income and children could also reflect to some degree heterogeneity in

marriage preferences. It is important to keep this potential confounder in mind

when interpreting the labor supply results as behavioral.

The paper is structured as follows: Section 2 reviews relevant household labor

1Splitting the sample by education level (high school or more than high school) I see very
little heterogeneity in the interaction, although if anything the lower education group appears to
have a stronger interaction effect between the spouses.
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supply literature and entry game literature. Section 3 gives an overview of the

PSID and Census datasets and results from bivariate probits. Section 4 specifies

the model, its estimation, and results. Section 5 introduces the extended model

in which the interaction between spouses depends on children or spouse’s income.

Section 6 concludes.

2.2 Literature Review

Unitary household labor supply models originated with Samuelson (1956) followed

by Becker (1974). To allow for more individualistic behavior, Nash bargaining

models were introduced by Manser and Brown (1980) and McElroy and Horney

(1981). In bargaining models the position along the Pareto frontier is determined

by the choice of the players’ best outside option. The best outside option, or threat

point, is usually assumed to be either the utility in case of divorce or the utility

from the solution to a non-cooperative game (Donni & Chiappori, 2011). Manser

and Brown (1980) used this approach to the marriage decision, while (McElroy

& Horney, 1981) focused only on labor-leisure and consumption choices. Neither

estimated their models empirically, rather laid out comparative statics.

These bargaining models were extended by S. Lundberg (1988) to allow for new

threat points. Instead of facing the outside option of divorce, if divorce is costly

household members may face the (inefficient) Nash solution for public goods provi-

sion. In this case gender norms may result in a focal point outcome. P. Chiappori

(1988) introduced a collective labor supply model in which households maximize a

joint utility function, and Pareto weights determine which Pareto-optimal outcome

is achieved.
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Other approaches to modeling the change in the labor supply of married women

include dynamic lifetime utility models such as Heckman and MaCurdy (1980) and

Attanasio, Low, and Sánchez-Marcos (2008) . These models have the advantage

of being a more realistic reflection of the dynamic nature of labor supply decisions

including experience accumulation and lifetime income, and the disadvantage of

taking husbands’ labor supply as exogenous. Eckstein and Lifshitz (2015) focuses in

on the interaction between spouses in a dynamic context and identifies the fraction

of households that behave collectively, simultaneous Nash, and Stackelberg leader

Nash where the husband enters first.

The literature on non-cooperative game theoretic models of labor supply

emerged from, and runs parallel to, the study of entry games in industrial or-

ganization. In the classic two firm entry game firms receive one payoff if they

enter the market alone and a different payoff if they enter together. Generally, it is

assumed that firms prefer to enter alone with no competition, meaning is the inter-

action term (θ below) is negative. In the household labor supply application, the

direction of the interactions could be positive or negative, depending on whether

couples prefer to specialize or if there are complementarities to leisure time.

This classic game is shown in Figure 2.1 below (de Paula, 2013).

Firm 1

Firm 2
Not Enter Enter

Not Enter 0,0 0, ε2
Enter ε1,0 ε1 ` θ1,ε2 ` θ2

Figure 2.1: Classic Entry Game

This structure was first adapted to household labor supply by Bjorn and Vuong

(1984). The application is intuitive. Instead of firm profits depending on who
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enters a market, spousal utility depends on who decides to work. The work decision

of one’s spouse directly alters one’s own decision to work. Bjorn and Vuong (1984)

solve and prove identification of the game and take it to data using the 1982 wave

of the Panel Study of Income Dynamics. They find highly significant interaction

terms, negative in the case of the husband and positive in the case of the wife.

The application of the two-player game to household labor supply was next

taken up by Kooreman (1994), who applied it to Dutch data and later by Peña

(2011), who applied it to Mexican data. Boca and Flinn (2012) bridge the gap

between game-theoretic treatment of household labor supply and collective labor

supply models by allowing spouses to play the Nash strategy if it individually

dominates the pareto outcome, but what dominates depends on functional form

assumptions.

The most similar works to this project are Kaya (2013) and Peña (2011). Kaya

(2013) estimated non-cooperative games for various types of households according

to relative education level of husband and wife and the presence of children. The

focus in Kaya (2013) was labor supply elasticities of married women and cross

elasticities with respect to the husbands’ wage. Analysis was done using 1980 and

2000 U.S. Census data. Kaya (2013) estimated bivariate probit and Stackleberg

models in addition to the simultaneous Nash and found the proportion of the

households best modeled by each.

Bajari, Hong, and Ryan (2010), Tamer (2003), and Kline (2013) address identi-

fication in the two-player discrete non-cooperative game. Difficulty arises because

for some parameter values the model has no prediction or multiple outcome pre-

dictions. In this case assumptions must be made as to the equilibrium selection

mechanism. Identification in this paper follows closely with the methodology of
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Bjorn and Vuong (1984), which sets a uniform distribution over regions of multiple

equilibria and regions of no pure strategies equilibria. In addition some specifica-

tions assume that the husband always enters the labor market in these regions, as

in the focal point suggested by S. Lundberg (1988)

2.3 Data

The datasets used in this paper are the Panel Study of Income Dynamics (Panel

Study of Income Dynamics, public use dataset , 2014) and the decennial Census

and ACS (Ruggles et al., 2015). These datasets are useful because they collect

data on both husbands and wives. In the Census husband and wife must be in the

same household, and in the PSID the husband responds for both spouses.

The PSID spans a 40 year period with annual data from 1968-1996, and data

every other year from 1997-2013. In this paper I take sample years from 1970-2011

to be consistent with a range of Census years from 1970-2011. The PSID sam-

ple is limited to married couples under the age of 65, leaving 13,563 households

and 121,878 household-years2. The PSID does not consistently identify unmar-

ried partners, so these households are excluded. Sample excluded for missing data

are 1,548 husbands and 972 wives missing education, 327 husbands and 281 wives

missing race3, and 3,821 husbands and 1,287 wives missing labor market experi-

ence4. The final sample consists of 11,095 households and 113,526 household-years

2An initial probability sample of 2,778 households was taken in 1968. In each subsequent
year between 202 and 478 households enter the sample. Entering households result either from
members of the original core sample or their children getting married. In addition, a new sample
of 250 immigrant households is added to the core sample in 1997 and their children are included
as they marry. Each household is observed for an average of 9 years.

3Wife’s race is not recorded until after 1985. Before that year I impute husband’s race as
wife’s race

4Work experience, which is helpful to impute wages, was not asked on the PSID until 1974.
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before the end years are dropped.5

A binary employment variable is equal to one if the sample member reported

positive work hours in the past year. The employment variable is equal to zero if the

sample member reported zero working hours. Using this scheme for determining

employment, 94% of husbands and 74% of wives in the PSID work. The trend

in wives’ employment over time is notable in Figure 2.3, moving from a mean of

51% in 1968 to a mean of 78% in 2011. Husbands have trended in the opposite

direction, though less dramatically, moving from 98% employment in 1968 to 90%

employment in 2011.

The Census data spans from 1970-2011. To be consistent with the PSID em-

ployment definition, I use “worked at all in the past 12 months” to define em-

ployment in the Census. This phrasing is slightly different from the PSID variable

which is an indicator of working any hours in the past year, constructed from hours

questions. In the Census data we see a similar trend in individual work status,

though leveling out around 75% participation for women in the Census as opposed

to 80% in the PSID.

Looking more closely at this trend in terms of the joint labor supply decision

of the household in Figure 2.5 below, one can see that almost the entirety of

the movement in wives’ labor supply has been a movement from single-earner

households to dual-earner households. The rise in households in which the single-

earner is the wife6 since the 1990s is a very small contributing factor to the rise in

Although many observations can be extrapolated before 1974, most observations for which ex-
perience is missing occur in the period 1968-1974, with up to 35% missing in 1968.

5All descriptive statistics are performed using Core and Core/Immigrant Longitudinal weights,
inverse probability weights that create a nationally representative sample of non-immigrant
households in the U.S. prior to 1997, and immigrant and non-immigrant households after 1997
(Gouskova, Heeringa, McGonagle, & Schoeni, 2008).

6Many households with single earner wives are between the ages of 55 and 65, whereas house-
holds with single-earner husbands tend to be younger.
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Figure 2.2: Individual Work Status in PSID Data

Figure 2.3: Individual Work Status in Census Data
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wive’s labor force participation by comparison.

Also notable is the fact that the bulk of the movement in household labor supply

took place pre-1990, with the upward trend in dual earner households flattening

out around 1990. F. Blau and Kahn (2007) identify a slow-down in the outward

shift of married women’s labor supply functions post-1990. Although it is not clear

that a discontinuous change in labor supply functions occurred in 1990, it seems

reasonable to break the dataset into two periods at this year, especially since 1990

is in the middle of the period 1970-2011 covered by the PSID. In this paper I will

compare the period 1970-1989, during which the majority of the dramatic increase

in dual-earner households occurred and the period 1990-2011, during which labor

supply appears to be relatively stabilized.

In the PSID, missing years of labor income was imputed for workers using in-

terpolation and extrapolation, exploiting the panel structure of the PSID. In both

datasets labor income for non-workers was then imputed with a standard Heckman

selection correction (Heckman, 1979) using non-labor income and children as iden-

tifying instruments. Imputed labor income from the Heckman model is then used

for all observations, both workers and non-workers for consistency.7 Imputed labor

income values are truncated at 0 so all values are positive.8 All income, labor and

non-labor, is inflation adjusted using the Bureau of Labor Statistics CPI inflation

calculator9 and reported in year 2000 dollars.

Key variables are summarized below.

In both datasets the most common arrangement is to have both spouses work-

7For further discussion see Appendix
8The truncation affects around 3% of men and women in the PSID and .6% of men and women

in the Census data.
9http://www.bls.gov/data/inflation calculator.htm
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Figure 2.4: Family Work Status in PSID Data

Figure 2.5: Family Work Status in Census Data
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Table 2.1: PSID Summary Statistics

Variable Mean Std. Dev. Min. Max.
Husband Employment 0.94 0.24 0 1
Wife Employment 0.72 0.45 0 1
Number of Children 1.22 1.29 0 12
Indicator of Children Over 5 0.37 0.48 0 1
Indicator of Children Under 5 0.24 0.43 0 1
Husband Age 42.98 11.17 21 64
Wife Age 40.64 10.94 21 64
Husband Education 13.37 2.72 1 17
Wife Education 13.23 2.39 1 17
Non-Labor Income 14137.76 39638.77 -286967.22 2090004.25
Husband Labor Income 46124.72 17632.36 0 113551.59
Wife Labor Income 21040.56 9818.34 0 46982.77
Husband Black 0.07 0.25 0 1
Wife Black 0.07 0.25 0 1
Husband Hispanic 0.05 0.21 0 1
Wife Hispanic 0.05 0.21 0 1
Year 1989.05 11.41 1970 2011

N 100490

Table 2.2: Census Summary Statistics

Variable Mean Std. Dev. Min. Max.
Husband Employment 0.93 0.25 0 1
Wife Employment 0.66 0.47 0 1
Number of Children 1.46 1.39 0 9
Children Over 5 0.45 0.5 0 1
Children Under 5 0.24 0.43 0 1
Husband Age 43.21 11.24 21 64
Wife Age 40.79 11.06 21 64
Husband Education 13.51 3.19 0 18
Wife Education 13.46 2.83 0 18
Non-Labor Income 7679.63 23677.97 -88729.49 777110.19
Husband Labor Income 49184.87 16471.6 0 86600.50
Wife Labor Income 27142.07 8233.03 0 48955.91
Husband Black 0.07 0.26 0 1
Wife Black 0.07 0.25 0 1
Husband Hispanic 0.08 0.26 0 1
Wife Hispanic 0.08 0.27 0 1
Year 1988.51 15.14 1970 2011

N 9379943
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Table 2.3: Employment Status in PSID

Wife Employment
Husband Employment Not Working Working Total

No. No. No.
Not Working 2,652.0 3,378.0 6,030.0

Working 24,533.0 70,172.0 94,705.0
Total 27,185.0 73,550.0 100,735.0

Table 2.4: Employment Status in Census

Wife Employment Status
Husband Employment Status Not Working Working Total

No. No. No.
Not Working 334,121.0 390,938.0 725,059.0

Working 2,487,707.0 6,167,402.0 8,655,109.0
Total 2,821,828.0 6,558,340.0 9,380,168.0

ing, followed by having the husband at work and the wife at home. Surprisingly,

the number of households in which only the wife works is similar to the number of

households where neither spouse works in both datasets.

To get a sense of how household labor supply has changed over the past 40

years, one can observe the change in coefficients in a fixed effects10 regression

interacted with indicator variables for the time periods 1970-1989 and 1990-2011

in Table 2.5 below. The employment status of the wife is the dependent variable,

and key independent variables are the wife’s labor income, the husband’s labor

income, the husband’s employment status, and the presence of children under five

and over five in the household. The fourth column of Figure 2.5 is the p-value

from an F-test of equality between the coefficients in the two periods.

Many coefficients are significantly different between the two periods, and the

differences point to an increase in the preference for work in married women.

10A Hausman test rejects consistency of the random effects estimator with a χ2p10q statistic
of 794.63.
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Table 2.5: Fixed Effects Regression: Wife Employment

1968-1989 1990-2011 Difference P-value
Husband Labor Income -0.00271 -0.00001 0.00270 1.868e-11
Wife Labor Income 0.01281 0.01093 -0.00188 .00878476
Husband Employment 0.08648 0.05167 -0.03480 .0555128
Number of Children -0.02313 -0.01630 0.00684 .22370309
Non-Labor Income -0.00014 -0.00016 -0.00003 .85273238
Wife Age 0.02710 -0.00523 -0.03233 2.275e-19
Wife Age2 -0.00036 0.00000 0.00037 1.430e-15
Children Under 5 -0.18007 -0.08041 0.09966 2.186e-12
Children Over 5 -0.02918 -0.00749 0.02169 .09788015
Regional Unemployment 0.04493 -0.23301 -0.27794 .07382527
Constant -0.57883 0.72545 1.30428 1.28e-106

Sensitivity to own income and to husband’s income have gone down significantly,

as found in (F. Blau & Kahn, 2007). The impact of husband employment status

has gone down as well. The negative impact of children on labor supply of married

women has become smaller in magnitude, significantly in the case of children under

5.

To jointly model the decision of husband and wife I turn first to a bivariate pro-

bit model. Because of coherency conditions (see eg. Heckman (1978)), we cannot

allow both the husband’s decision to impact the wife’s decision and simultaneously

allow the wife’s decision to impact the husband’s. The first bivariate probit table

allows the husband’s decision to influence the wife, while the second table allows

the wife’s decision to influence the husband. The bivariate probit regressions also

allow husband and wife’s labor supply equations to be correlated (see parameter

“athrho” below).

Unlike the results of the fixed effect regression, the bivariate probit results are

cross-sectional and therefore may be confounded by changes in who is selecting

into marriage between the two periods and assortative mating. In fact, means
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tests reveal a very different pool of households in the two periods in observables.

However, it is not within the scope of this paper to model selection into marriage

separately. However, assortative matching in the bivariate probit will likely be

soaked up in the correlation term between the spouses’ employment equations,

and in future work a marriage selection model could be used to learn more about

this channel.

Note that for scaling purposes, years of education and age are divided by 10,

and income was measured in $100,000s.

For women the interaction parameter (measuring the influence of the husband’s

labor supply) is large and grows in magnitude when imputed wage offer is added.

Other controls include variables that could be expected to impact own labor supply

such as education and presence of children. For men the interaction parameter

negative and significant as more controls are added.

Estimating the bivariate probit on all years of the Census pooled, I find similarly

strong and significant positive impact of husband working on wife’s utility from

work. However, estimating on each wave of the Census individually, while there is

no systematic change in the sign or magnitude of the interaction parameters for

women, for men the estimates go from negative and significant in 1970 and 1980,

to positive and significant in 1990, 2000, and 2011. This could indicate that for

husbands, leisure time has become more of a complement than a substitute for

wife’s leisure.

The negative impact of children on women’s labor supply has decreased over

Census waves, while the overall intercept for women has gotten somewhat more

negative. The impact of non-labor income for women has moved from positive to
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Table 2.6: Bivariate Probit With One-way Female Interaction in PSID Data

(1) (2)
BV Combined

Husband Employment
Husband Age 12.56˚˚˚ (0.648) -16.02˚˚˚ (0.934)
Husband Age2 -0.00186˚˚˚ (0.0000730) 0.00149˚˚˚ (0.000107)
Husband Education 7.953˚˚˚ (0.301) -6.553˚˚˚ (0.476)
Non-white -0.170˚˚˚ (0.0252) 0.342˚˚˚ (0.0266)
Non-Labor Income -0.226˚˚˚ (0.0299) -0.219˚˚˚ (0.0281)
Children Under 5 -0.0385 (0.0311) -0.00774 (0.0318)
Children Over 5 0.0453 (0.0236) 0.0512˚ (0.0247)
Regional Unemployment -2.785˚˚˚ (0.399) -0.0695 (0.416)
Husband Labor Income 4.367˚˚˚ (0.192)
Husband Labor Income2 3.90e-12 (2.68e-11)
Wife Labor Income 0.265˚ (0.112)
Constant -0.750˚˚˚ (0.141) 4.658˚˚˚ (0.195)
Wife Employment
Husband Employment 0.383˚˚˚ (0.0810) 0.652˚˚˚ (0.0593)
Wife Age 6.109˚˚˚ (0.428) -4.341˚˚˚ (0.536)
Wife Age2 -0.00101˚˚˚ (0.0000543) 0.0000866 (0.0000657)
Wife Education 10.56˚˚˚ (0.243) -21.30˚˚˚ (0.442)
Non-white 0.201˚˚˚ (0.0166) -0.0138 (0.0190)
Non-Labor Income -0.133˚˚˚ (0.0198) -0.0712˚˚˚ (0.0191)
Children Under 5 -0.814˚˚˚ (0.0164) -0.733˚˚˚ (0.0175)
Children Over 5 -0.306˚˚˚ (0.0149) -0.103˚˚˚ (0.0167)
Regional Unemployment 1.951˚˚˚ (0.257) 2.702˚˚˚ (0.274)
Husband Labor Income -0.539˚˚˚ (0.0533)
Wife Labor Income 11.16˚˚˚ (0.255)
Wife Labor Income2 -6.18e-11 (5.68e-11)
Constant -1.642˚˚˚ (0.0955) 2.530˚˚˚ (0.129)
athrho
Constant -0.101˚ (0.0403) -0.162˚˚˚ (0.0277)
Observations 100490 100490

PSID data 1968-2011. Married sample ages 18-64. Robust standard errors in parentheses
˚p ă 0.05,˚˚ p ă 0.01,˚˚˚ p ă 0.0001
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Table 2.7: Bivariate Probit With One-way Male Interaction in PSID Data

(1) (2)
BV Combined

Husband Employment
Wife Employment 0.316˚ (0.136) -0.567˚˚˚ (0.0669)
Husband Age 11.81˚˚˚ (0.735) -16.65˚˚˚ (0.883)
Husband Age2 -0.00175˚˚˚ (0.0000894) 0.00152˚˚˚ (0.000102)
Husband Education 7.399˚˚˚ (0.428) -8.201˚˚˚ (0.463)
Non-white -0.186˚˚˚ (0.0259) 0.348˚˚˚ (0.0255)
Non-Labor Income -0.213˚˚˚ (0.0302) -0.235˚˚˚ (0.0287)
Children Under 5 0.0199 (0.0425) -0.161˚˚˚ (0.0348)
Children Over 5 0.0575˚ (0.0247) 0.0291 (0.0239)
Regional Unemployment -3.025˚˚˚ (0.407) 0.187 (0.400)
Husband Labor Income 4.153˚˚˚ (0.187)
Husband Labor Income2 8.68e-12 (2.53e-11)
Wife Labor Income 1.833˚˚˚ (0.203)
Constant -0.808˚˚˚ (0.144) 5.184˚˚˚ (0.185)
Wife Employment
Wife Age 6.821˚˚˚ (0.405) -5.265˚˚˚ (0.525)
Wife Age2 -0.00112˚˚˚ (0.0000498) 0.000163˚ (0.0000646)
Wife Education 10.91˚˚˚ (0.234) -21.64˚˚˚ (0.438)
Non-white 0.192˚˚˚ (0.0164) 0.0144 (0.0189)
Non-Labor Income -0.150˚˚˚ (0.0211) -0.102˚˚˚ (0.0188)
Children Under 5 -0.818˚˚˚ (0.0164) -0.736˚˚˚ (0.0174)
Children Over 5 -0.304˚˚˚ (0.0149) -0.103˚˚˚ (0.0165)
Regional Unemployment 1.832˚˚˚ (0.256) 2.666˚˚˚ (0.272)
Husband Labor Income -0.181˚˚˚ (0.0479)
Wife Labor Income 11.10˚˚˚ (0.252)
Wife Labor Income2 -5.10e-11 (5.59e-11)
Constant -1.414˚˚˚ (0.0809) 3.273˚˚˚ (0.109)
athrho
Constant -0.102 (0.0832) 0.505˚˚˚ (0.0495)
Observations 100490 100490

PSID data 1968-2011. Married sample ages 18-64. Robust standard errors in parentheses
˚p ă 0.05,˚˚ p ă 0.01,˚˚˚ p ă 0.0001
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negative.

The limitation of the bivariate probit model is that it only allows one interaction

term. The non-cooperative game framework outlined below will allow for identifi-

cation of interaction parameters for both the husband and wife simultaneously. I

impose that husband and wife must play mutual best response functions and use

the structure of the Nash equilibrium to estimate interaction parameters. Similar

to the bivariate probit model, propensity to work is allowed to vary by a constant

term and other covariates. Later, I will also allow the interaction parameter to

vary by child status.

2.4 Basic Model

2.4.1 General Form

There are two agents, a husband and a wife. All husbands and all wives have the

same payoff function given observed covariates, except for individual unobserved

heterogeneity in the overall taste for work.

The husband and wife independently choose between work and home, and

each spouse maximizes their own payoff given the choice of their spouse. The

husband’s choice changes the payoff structure for the wife and vice versa. Mutual

best response functions determine the Nash equilibrium.

Let y1 “ t0, 1u denote the decision of spouse 1 (husband) and y2 “ t0, 1u denote

the decision of spouse 2 (wife), where 0 indicates staying home and 1 indicates

working. There are four possible outcomes:
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1. py1 “ 1, y2 “ 1q ùñ both work

2. py1 “ 1, y2 “ 0q ùñ husband works, wife home

3. py1 “ 0, y2 “ 1q ùñ husband home, wife works

4. py1 “ 0, y2 “ 0q ùñ both home

Utility when not working is normalized to zero, regardless of the spouse’s

work decision. Utility when working is dependent on observable characteristics

X with coefficients β. To account for heterogeneity and make the model empir-

ically tractable, the individual heterogeneity in work payoff, ε, will be assumed

normally distributed.

To model the relationship between the spouses’ decisions there is a constant

interaction term ∆, adopting the notation of Tamer (2003). This term is the

difference in utility between working when the spouse also works, and working

when the spouse is at home. Thus payoffs are as follows:

Spouse 1:

U1py1, y2q “ pX1β1 ` ε1q ˚ y1 `∆1 ˚ y1y2

Spouse 2:

U2py1, y2q “ pX2β2 ` ε2q ˚ y1 `∆2 ˚ y1y2

These characteristics in X are own education, race, age, children under the

age of five, children over the age of five, non-labor income, regional unemployment

rate, and a constant term. This differs slightly from the specification of Bjorn

and Vuong (1984), which takes number of children younger and older than age
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fourteen instead of age five. I consider age five a more appropriate cut-off due to

the availability of child care during the day in the form of public school for children

over the age of five.

Unlike the reduced form regression, spouse’s characteristics enter into own pay-

off only through the interaction parameter and the spouse’s propensity to work.

Husband

Wife
0 (Home) 1 (Work)

0 (Home) 0,0 0, X2β2 ` ε2
1 (Work) X1β1 ` ε1, 0 X1β1 `∆1 ` ε1, X2β2 `∆2 ` ε2

2.4.2 Identification

Identification follows from three normalizations. First, the heterogeneity terms

ε1 and ε2 are normally distributed with mean zero, setting location. Second, a

normalization must be made to set scale. For simplicity I assume that the variance

of ε1 is the same as the variance of ε2 and equal to one, though this assumption

could be relaxed later, and a correlation term added as well.11

Lastly, the payoff when not working is normalized to zero. The empirical

content of the model comes from comparing the payoffs of working to not working

for each individual. If, as in Bjorn and Vuong (1984), the not working payoffs are

made to depend on covariates, only differences in coefficients between working and

not working are identified.

11Normalizing the variance of heterogeneity is better than normalizing one of the coefficients
on the covariates because the coefficients represent the relative value of working v.s. not working
and it is therefore difficult to interpret a normalization. In the extended model below I will
also normalize the coefficients on labor and non-labor income to be one because in this extended
model these variables enter in all states and can therefore be interpreted as normalizing utility.
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Decision rules are as follows:

py1 “ 1|y2 “ 0q if X1β1 ` ε1 ą 0

ε1 ą ´X1β1

py1 “ 1|y2 “ 1q if X1β1 `∆1 ` ε1 ą 0

ε1 ą ´X1β1 ´∆1

py2 “ 1|y1 “ 0q if X2β2 ` ε2 ą 0

ε2 ą ´X2β2

py2 “ 1|y1 “ 1q if X2β2 `∆2 ` ε2 ą 0

ε2 ą ´X2β2 ´∆2

Identification can then be shown identically to Bjorn and Vuong (1984), by

writing out the Hessian of the likelihood function as a product of full rank matri-

ces.12 Intuitively, identification comes from the exclusion of some variables from

each payoff function, and sufficient variation in such variables. As certain covari-

ates push the husband to be more or less likely to work, we observe how the wife

responds.

2.4.3 Estimation

If a single Nash equilibrium existed for each combination of ε1i and ε2i, then the

likelihood function could be written simply as follows using the probabilities taken

from the normal distribution. I assume the heterogeneity terms ε1 and ε2 are

12The proof for the basic model is not elaborated here, but Bjorn and Vuong (1984) may be
referred to. The proof for the basic model is also subsumed by the proof for the extended model
which is in Appendix A.
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independently distributed in order to reduce computation time, but theoretically

they could be bivariate normal with a correlation parameter to be estimated as in

Bjorn and Vuong (1984) and Kaya (2013).

Li “P p1, 1qIpy1i“1,y2i“1qP p1, 0qIpy1i“1,y2i“0qP p0, 1qIpy1i“0,y2i“1qP p0, 0qIpy1i“0,y2i“0q

However, in several cases there are regions of values of ε1 and ε2 (see solution

matrix in Figures 2.6 and 2.7 below) where given values of ε1 and ε2 produce

multiple pure strategy Nash equilibria, and hence are often referred to as regions

of multiplicity. Cutoff values (W1, W2, H1, H2) depend only on the sign and

magnitude of the interaction parameters ∆1 and ∆2 in the basic model. I

In the first crosshatch figure illustrated below, interaction parameters are nega-

tive so only one spouse will want to enter in general, and the region of multiplicity

is a region where either spouse could enter and have a stable Nash outcome. By

contrast in the second crosshatch figure, interaction parameters are positive, and

the region of multiplicity is an area of heterogeneity where either both entering or

neither entering would be stable.

2.4.4 Equilibrium Areas

I follow Bjorn and Vuong (1984) and assume that pure strategy equilibria in these

regions of multiplicity are chosen with exogenous probability which is then included

in the likelihood. This likelihood is either uniform, or, when it aids computation,

that the man always enters if there are multiple equilibria. Future extensions
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Figure 2.6: Generally in this construction, the spouses would like to take the
opposite action from one another and will have an equilibrium with one working
and one home.
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Figure 2.7: Generally in this construction, spouses would like to take the same
action, and will generally have an equilibrium with both working or both at home.
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would allow these probability weights to depend on covariates using a logit or

probit model as suggested by Bjorn and Vuong (1984), or use partial identification

tools to set identify parameters as in Beresteanu, Molchanov, and Molinari (2011).

The existence of a region of multiplicity in the model, even without the imposition

of exogenous equilibrium selection probabilities, is not an insurmountable barrier

to identification or estimation, as shown in Tamer (2003) and Kline (2013).

Another challenge to estimation is the existence of parameter values and values

of ε1 and ε2 for which there are no pure strategy Nash equilibrium (see solution

matrix figures 2.8 and 2.9 below). In the basic model, this case arises when the

signs of ∆ are mismatched. In this case, spouses do not agree on whether they

should take the same or opposite action, for example if one spouse views leisure

as a complement but for the other spouse it is a substitute. In most estimation

results this is the case: the husband views leisure as a complement and prefers to

take the same action as the wife, while the wife views leisure as a substitute and

prefers to take the opposite action. Leisure could be complementary if it is for

example watching a movie together, whereas if it is changing diapers that would

be substitutable.

In these cases of opposite-signed interaction parameters, there is a unique Nash

equilibrium in mixed strategies (Bjorn & Vuong, 1984). The mixed strategies would

be a function of all parameters in the model. Although theoretically feasible, I

continue to select each outcome with equal probability, or to assume that the man

always enters, as in the case of multiple pure strategy equilibria.

The likelihood function depends on the signs of ∆1 and ∆2, thus there are four

possible likelihood functions that must be maximized over. Given this and uniform

probability weights assigned over regions of multiplicity or of no pure strategy Nash
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Figure 2.8: In this construction, the husband generally wants to take the opposite
action while the wife would like to take the same action, resulting in a region of
no equilibrium in pure strategies.
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Figure 2.9: In this construction, the husband generally wants to take the same
action while the wife would like to take the opposite action, resulting in a region
of no pure strategy equilibrium.
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equilibrium, the likelihoods are as follows:

Let H1 “ ´X2β2, H2 “ ´X1β1 ´ ∆1, W1 “ ´X2β2, and W2 “ ´X2β2 ´ ∆2.

Let P00, P01, P10, and P11 represent the sample moments where P00 “ P py1 “

0, y2 “ 0q etc.

If ∆1 ď 0,∆2 ď 0

L “ pΦpH1q ˚ ΦpW1qq
P00
pΦp´H1q ˚ ΦpW2q ´ .5 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW2q ´ ΦpW1qqq

P10

pΦpH2q ˚ Φp´W1q ´ .5 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW2q ´ ΦpW1qqq
P10
pΦp´H2q ˚ Φp´W2qq

P11

If ∆1 ą 0,∆2 ą 0

L “ pΦpH1q ˚ ΦpW1q ´ .5 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW1q ´ ΦpW2qqq
P00
pΦp´H1q ˚ ΦpW2qq

P10

pΦpH2q ˚ Φp´W1qq
P01
pΦp´H2q ˚ Φp´W2q ´ .5 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW1q ´ ΦpW2qqq

P11

If ∆1 ď 0,∆2 ą 0

L “ pΦpH1q ˚ ΦpW1q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qqq
P00

pΦp´H1q ˚ ΦpW2q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qqq
P10

pΦpH2q ˚ Φp´W1q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qqq
P01

pΦp´H2q ˚ Φp´W2q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qqq
P11

If ∆1 ą 0,∆2 ď 0

L “ pΦpH1q ˚ ΦpW1q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qqq
P00

pΦp´H1q ˚ ΦpW2q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qqq
P10

pΦpH2q ˚ Φp´W1q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qqq
P01

pΦp´H2q ˚ Φp´W2q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qqq
P11
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2.4.5 Results of Basic Model

The results of the basic model in both the PSID and all waves Census indicate that

men prefer to take the same action as their spouse whereas women prefer to take

the opposite action. These results are consistent with Bjorn and Vuong (1984) and

some specifications of Kooreman (1994). The positive interaction term for women

matches the bivariate probit results above in both the PSID and Census. The

negative interaction term for men matches the bivariate probit results in the PSID

and the earlier Census years.13

The other covariates in the basic model are chosen following Bjorn and Vuong

(1984). The signs of the coefficients on the other covariates (shown below) mostly

match those of Bjorn and Vuong (1984) in both the PSID and Census. Differences

include that I find a negative coefficient on age for men, they find a positive

coefficient on non-labor income for men, and they find the impact of children to

be negative for both men and women whereas I find it to be positive for men.

The result that men want to work more when their wives are at home, while

women want to work more when their husbands are at work is somewhat puzzling.

In the absence of other covariates this would imply that for many values of the

heterogeneity term ε there would be no pure strategies Nash equilibrium. If the

husband enters, the wife wants to enter, but if the wife enters then husband wants

to leave, but if the husband leaves then wife wants to leave and so on.

These asymmetric interaction coefficients by gender may be consistent with

cultural norms. For example if there is a stigma against husbands staying at home

when their wives work, that could explain the result that women want to work more

13Note that the bivariate probit results in the Census for men where I do not include imputed
wage offer as a covariate are uniformly positive which does not match the model estimates.
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if their husband works. Bertrand, Kamenica, and Pan (2015) find evidence that

husbands do not wish to be out-earned by their wives. Similarly social norms could

dictate that more of wives’ leisure time is spent engaging in household production,

which would be a substitute good for husband’s leisure time. If leisure time is

a substitute good we would expect a negative interaction term, which is want I

find for husbands. On the other hand if leisure time is not used for household

production we might expect complementarity between the leisure time of husband

and wife, which is what I find for wives.14

2.5 Extended Models

The basic model does not allow for the interaction between spouses to depend on

any observed characteristics. In the next sections I relax these assumptions, first

by allowing the spousal interaction to vary by whether there are children under 5

or over 5 or no children in the household, then on spouse’s income.

In the baseline model, more children in the household causes husbands to want

to work more and wives to work less. When looking at how children affects the

interaction between spouses I look not at the effect of an additional child, but

rather whether there are any children under 5 or over 5 in the household, since the

need for childcare may change discretely at these points. I expect that the presence

of children, especially under age 5, will cause leisure to be more of a substitute

good between spouses as there are more household tasks needed, and therefore

that the coefficients on children in the interaction will be negative. In other words

14These results could be confounded by marriage market preferences: perhaps career-oriented
men prefer to marry stay at home wives while career-oriented women prefer to marry career-
oriented husbands, all else equal.

99



Table 2.8: Bjorn and Vuong Replication in Census data

Parameters and SEs
Parameter 1970 1980 1990 2000 2011
∆1 (interaction) -0.5418 -0.7915 -0.8531 -0.6363 -0.5791

0.1557 0.0894 0.1283 0.0728 0.0484
∆2 (interaction) 0.8754 1.2906 1.4696 1.1393 0.9913

0.2115 0.1125 0.1460 0.0802 0.0526
β0,1 (constant) 2.8115 2.3618 2.3990 2.4829 2.4456

0.1633 0.0972 0.1281 0.0948 0.0808
β0,2 (constant) -0.9235 -0.8960 -1.2090 -0.7094 -0.9089

0.2175 0.1136 0.1518 0.0935 0.0741
σ1 (variance of error) 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000
σ2 (variance of error) 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000
age1 -2.7369 -3.7630 -4.1311 -4.1615 -4.2092

0.1676 0.0968 0.1187 0.0794 0.0704
yrsch1 6.7318 8.1426 10.0842 9.4973 8.5064

0.4573 0.2286 0.2840 0.2267 0.1999
racebv1 -0.1827 -0.2609 -0.1148 -0.1853 -0.1234

0.0424 0.0199 0.0201 0.0167 0.0153
nonlabor1 -0.6387 -1.0314 -0.7527 -0.4662 -0.5316

0.0631 0.0352 0.0342 0.0183 0.0163
nchild1 0.4531 0.4517 0.2337 0.4827 0.7095

0.1039 0.0550 0.0604 0.0564 0.0551
unemp1 -6.0494 6.3993 5.2582 1.3045 1.4932

2.0889 0.7639 1.0765 1.4752 0.5692
age2 -0.6529 -1.3563 -1.3823 -0.7991 -0.6186

0.0780 0.0601 0.0869 0.0651 0.0544
yrsch2 4.5648 6.0047 7.8455 7.5377 7.5714

0.2836 0.1812 0.2158 0.1808 0.1651
racebv2 0.2990 0.2573 0.1415 0.0201 -0.0025

0.0236 0.0145 0.0145 0.0122 0.0114
nonlabor2 0.3005 0.6675 0.6345 -0.0675 -0.3642

0.1133 0.0845 0.0800 0.0341 0.0285
nchild2 -1.3594 -1.4121 -1.3661 -1.1881 -1.2763

0.0477 0.0365 0.0435 0.0388 0.0380
unemp2 0.4662 -1.3733 2.7884 -5.4425 0.5473

1.0561 0.4640 0.7116 1.0661 0.4192
Note: Standard Errors Below
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Table 2.9: Bjorn and Vuong Replication in PSID data

Parameters and SEs
Parameter Before 1990 1990 or Later
∆1 (interaction) -0.0547 -0.3822

0.0767 0.0978
∆2 (interaction) 0.3443 0.8153

0.0951 0.1112
β0,1 (constant) 3.0720 2.7188

0.0997 0.1195
β0,2 (constant) -0.5816 -0.4640

0.1060 0.1245
σ1 (variance of error) 1.0000 1.0000

0.0000 0.0000
σ2 (variance of error) 1.0000 1.0000

0.0000 0.0000
age1 -3.7400 -4.4664

0.1112 0.1323
yrsch1 5.9843 10.2278

0.3485 0.4418
racebv1 -0.3654 -0.1794

0.0224 0.0230
nonlabor1 -0.5272 -0.1964

0.0268 0.0169
nchild1 0.1903 -0.1417

0.0717 0.0969
unemp1 -5.4983 -1.9590

0.4620 0.4861
age2 -1.0915 -1.2044

0.0671 0.0974
yrsch2 9.3722 9.3474

0.2717 0.3458
racebv2 0.2446 0.1407

0.0141 0.0168
nonlabor2 -0.2251 -0.0916

0.0265 0.0159
nchild2 -1.2006 -1.4349

0.0409 0.0616
unemp2 1.5406 -0.9467

0.2796 0.3446
Note: Standard Errors Below
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I expect children to make it more valuable to have one spouse at home if the other

one works.

Lastly, I allow the interaction terms to depend on spouse’s income. I expect

that it would be easier to stay at home if a spouse is working and high earning

due to relaxation of the budget constraint. In addition, if there is diminishing

marginal utility form consumption, you should get less utility from your spouse’s

income if you both work than if only your spouse worked. Therefore I expect

the coefficients on spouse’s income in the interaction terms to be negative: the

higher earning your spouse is predicted to be, the less likely you are to enter the

labor market.15 However, if labor supply affects how spouses pool income, the

coefficients on spouse’s income in the interaction terms could in fact be positive.

I could get more utility from my spouse’s income when I work, if working allows

me to share more of my spouse’s income.

The extended models are detailed below. In both of these models, in addition

to the constant interaction terms ∆1 and ∆2 from the baseline model, we have

covariates Z (indicators of children or spouse’s income) and coefficients δ1 and δ2.

Spouse 1:

U1py1, y2q “

$

’

’

’

’

’

’

’

&

’

’

’

’

’

’

’

%

“ 0 : py1 “ 0, y2 “ 0q

“ X1β1 `ε1i : py1 “ 1, y2 “ 0q

“ 0 : py1 “ 0, y2 “ 1q

“ X1β1 ` Z1δ1` ε1i : py1 “ 1, y2 “ 1q

15I do not assume a utility function with diminishing returns to consumption because iden-
tification then relies on the specific choice of functional form, which also makes the estimator
computationally unstable.
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Spouse 2:

U2py1, y2q “

$

’

’

’

’

’

’

’

&

’

’

’

’

’

’

’

%

“ 0 : py1 “ 0, y2 “ 0q

“ X2β2` ε2i : py1 “ 0, y2 “ 1q

“ 0 : py1 “ 1, y2 “ 0q

“ X2β2 ` Z2δ2 `ε2i : py1 “ 1, y2 “ 1q

Solving for ε1i and ε2i yields cut-off points similar to the basic model above,

but now dependent on more than just the sign of ∆1 and ∆2. It is now possible for

individuals with the same parameters to face different game structures depending

on their covariates Z.

In the extended specifications, in order to gain stability for the estimator, I

assume that the husband enters in regions of multiple equilibria or no equilibria

rather than assume a uniform probability. The full proof of identification is in

Appendix A.

2.5.1 Heterogeneity by Child Status

The presence of children in a household might make spouses’ leisure time more

substitutable by increasing hours spent in household production, especially for

children under 5 years old. To assess whether the interaction terms vary by the

presence of children in the home, I parameterize the interaction term into a con-

stant, an indicator of children under age 5, and an indicator of children over age

5.
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Table 2.10: Bjorn and Vuong Replication by Child Status in PSID data

Parameters and SEs
Parameter PSID 1970-2011
∆1 (interaction) 0.1040

0.0574
under51 0.1211

0.0285
over51 0.1826

0.0237
∆2 (interaction) 0.1781

0.0661
under52 -0.5499

0.0179
over52 -0.0327

0.0151
β0,1 (constant) 2.7039

0.0730
β0,2 (constant) -0.0839

0.0784
σ1 (variance of error) 1.0000

0.0000
σ2 (variance of error) 1.0000

0.0000
age1 -3.7137

0.0853
yrsch1 6.2732

0.2641
racebv1 -0.2998

0.0161
nonlabor1 -0.2674

0.0139
nchild1 -0.0001

0.0618
unemp1 -4.1945

0.3312
age2 -2.0483

0.0626
yrsch2 11.9127

0.2080
racebv2 0.2096

0.0109
nonlabor2 -0.1520

0.0134
nchild2 -0.8291

0.0435
unemp2 0.8840

0.2161
Note: Standard Errors Below

The impact of children under 5 for wives is consistent with a story of increas-
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Table 2.11: Bjorn and Vuong Replication by Child Status in Census data

Parameters and SEs
Parameter 1970 1980 1990 2000 2011
∆1 (interaction) 1.3025 -0.0675 0.0966 -0.0341 -0.1829

0.0665 0.0470 0.0421 0.0397 0.0393
under51 0.4642 0.2218 0.1376 -0.0289 -0.2104

0.0629 0.0348 0.0313 0.0292 0.0284
over51 0.3721 0.1498 0.0900 -0.0328 -0.0588

0.0436 0.0253 0.0226 0.0207 0.0198
∆2 (interaction) -1.6700 0.3711 0.2971 0.4688 0.5697

0.0860 0.0509 0.0469 0.0434 0.0413
under52 -1.1694 -0.7286 -0.5162 -0.4642 -0.4225

0.0530 0.0174 0.0182 0.0179 0.0183
over52 -0.2826 -0.0641 0.0603 0.0983 0.1162

0.0321 0.0144 0.0149 0.0144 0.0141
β0,1 (constant) 0.8413 1.6954 1.6032 2.0083 2.2333

0.1318 0.0720 0.0779 0.0793 0.0756
β0,2 (constant) 2.2864 0.5238 0.2991 0.3009 -0.1699

0.1053 0.0618 0.0654 0.0672 0.0667
σ1 (variance of error) 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000
σ2 (variance of error) 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000
age1 -1.2706 -3.1158 -3.3498 -3.8619 -4.2397

0.1556 0.0784 0.0757 0.0729 0.0738
yrsch1 4.3023 7.3522 8.6378 8.7012 8.2744

0.3845 0.2046 0.2114 0.2046 0.1991
racebv1 -0.2099 -0.2775 -0.1228 -0.1649 -0.1121

0.0366 0.0192 0.0193 0.0162 0.0150
nonlabor1 0.0851 -0.8645 -0.5844 -0.4000 -0.4828

0.0569 0.0291 0.0252 0.0164 0.0155
nchild1 0.1950 0.4249 0.2830 0.6337 0.9099

0.0883 0.0597 0.0674 0.0657 0.0674
unemp1 -5.3262 6.4166 4.4226 1.7739 1.2391

1.8336 0.7311 1.0269 1.5241 0.5610
age2 -3.6136 -3.0085 -2.9717 -2.1286 -1.7647

0.1475 0.0491 0.0544 0.0542 0.0534
yrsch2 9.0216 7.1952 9.4864 8.6546 8.4352

0.4893 0.1689 0.1854 0.1690 0.1628
racebv2 0.1547 0.2310 0.1214 0.0065 -0.0116

0.0360 0.0134 0.0137 0.0118 0.0113
nonlabor2 -0.0638 0.3648 0.3914 -0.0848 -0.3863

0.1366 0.0735 0.0632 0.0329 0.0278
nchild2 -0.8520 -0.8784 -1.0016 -0.9575 -1.1645

0.0824 0.0435 0.0494 0.0492 0.0509
unemp2 -2.9424 -0.2130 3.8063 -4.4078 0.9880

1.5734 0.4487 0.6867 1.0570 0.4149
Note: Standard Errors Below
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ing the substitutability of leisure between husband and wife. Wives without any

children in the household continue to prefer to work if their husbands work in all

years except 1970, but if children under 5 are present wives prefer to work more if

their husband stays at home in all Census years except the most recent, 2000 and

2011. Interestingly, the impact of children over 5 has changed from negative in

1970 and 1980 to positive in more recent years, implying perhaps leisure time has

become more complementary over time for wives with school-aged children. By

contrast, for husbands the impact of children has become more negative over time,

meaning that leisure maybe be more substitutable in recent years for husbands.

The positive coefficient for husbands for the children under five interaction in

the PSID and early Census years implies that husbands with children at home

prefer to work more if their spouse works, whereas wives prefer to work less if

their spouse works. Children might increase the opportunity cost of working and

thereby not spending time with children, while also increasing the need for labor

income. These competing explanations may explain why the coefficient for men

is shifting over time, with the time explanation gaining prominence with more

negative coefficients in later years. Men spending more time with children could

also explain the switch in sign for wives with children over 5 over this period.

The pattern for husbands could also results from a cultural norm against

stay-at-home dads being eroded, or the lower average labor income among wives

($23,901 vs. husbands’ $41,953) could mean that husbands are required to work

to support children even when the wife works, but as women’s earnings have gone

up over time this is less true.

A disadvantage of this model is that spouses who stay at home are assumed to

be indifferent to whether their spouse works. In reality the spouses decision to work
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should make staying at home much more attractive given that household income is

likely shared. To address this in the next section I include spouse’s income into the

interaction effect. In this case the coefficient on spouse’s income represents how

much more utility I get from my spouse’s earnings if I work as opposed to staying

at home and we could expect it to be positive or negative. This parameter could

be positive if entry into the labor force increases bargaining power, or negative if

breadwinners share more of their income with a stay-at-home spouse or there is

diminishing marginal utility to income.

2.5.2 Heterogeneity by Spouse’s Income

Unlike in the child status specification, the signs of the intercepts of the interaction

term (∆1 and ∆2) are uniformly similar to the baseline Bjorn and Vuong (1984)

replication.16 The coefficients on spouse’s income, which I expected to be negative

for both husband and wife, are in fact negative for the wife but positive for the

husband. This implies that husbands may be getting more utility from their wife’s

labor income if they also work.

16In the following specifications I also control for own income. Results are similar without this
control in the Census, but in the PSID the coefficient on husban’s income in the interaction also
becomes positive.
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Table 2.12: Extended Model by Spouse’s Income in PSID data

Parameters and SEs
Parameter PSID 1970-2011
∆1 (interaction) -0.3964

0.0493
heckincwage2 1.0027

0.1381
∆2 (interaction) 0.6278

0.0396
heckincwage1 -0.2949

0.0352
β0,1 (constant) 2.8643

0.0622
β0,2 (constant) 1.8942

0.0592
σ1 (variance of error) 1.0000

0.0000
σ2 (variance of error) 1.0000

0.0000
age1 -3.5548

0.0699
yrsch1 -5.7981

0.3267
racebv1 0.2127

0.0183
nonlabor1 -0.2692

0.0147
nchild1 -0.5282

0.0575
unemp1 -1.8762

0.3504
heckincwage1 3.5461

0.0558
age2 -2.8325

0.0522
yrsch2 -20.6917

0.3384
racebv2 0.1245

0.0124
nonlabor2 -0.0688

0.0143
nchild2 -1.0044

0.0362
unemp2 1.5230

0.2281
heckincwage2 10.7968

0.0912
Note: Standard Errors Below
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Table 2.13: Extended Model by Spouse’s Income in Census data

Parameters and SEs
Parameter 1970 1980 1990 2000 2011
∆1 (interaction) -0.4953 -0.5817 -0.3544 -0.8019 -1.1327

0.1710 0.0680 0.0684 0.0683 0.0717
heckincwage2 0.6587 1.3589 1.1052 1.7893 2.0262

0.3330 0.1623 0.1563 0.1484 0.1471
∆2 (interaction) 0.8490 0.7986 0.7342 1.0372 1.3182

0.1506 0.0498 0.0530 0.0481 0.0451
heckincwage1 -0.6583 -0.4955 -0.4780 -0.6181 -0.8090

0.0581 0.0365 0.0414 0.0399 0.0397
β0,1 (constant) 7.3189 7.1905 6.7514 6.5506 9.6025

0.5557 0.2630 0.2318 0.2014 0.2387
β0,2 (constant) 0.3766 1.2029 1.7848 1.0769 0.5760

0.2557 0.1221 0.1197 0.1171 0.1134
σ1 (variance of error) 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000
σ2 (variance of error) 1.0000 1.0000 1.0000 1.0000 1.0000

0.0000 0.0000 0.0000 0.0000 0.0000
age1 -10.9542 -12.8128 -12.5812 -11.8793 -17.2337

0.9682 0.4625 0.4023 0.3461 0.4098
yrsch1 -35.5224 -40.0917 -36.8828 -30.8391 -58.5885

4.8146 2.2941 1.9881 1.7062 2.0336
racebv1 -0.0372 -0.1360 -0.0250 -0.1093 -0.0128

0.0462 0.0206 0.0199 0.0168 0.0161
nonlabor1 -0.5995 -0.9259 -0.6328 -0.4381 -0.5131

0.0551 0.0291 0.0254 0.0166 0.0158
nchild1 0.2946 0.2478 0.1447 0.3227 0.3427

0.1073 0.0560 0.0596 0.0562 0.0565
unemp1 -7.6339 6.6406 4.5485 -0.9874 -0.5182

2.0842 0.7362 1.0268 1.4086 0.5853
heckincwage1 9.5287 10.6833 10.4121 9.1383 15.3617

1.0891 0.5186 0.4545 0.3965 0.4710
age2 -2.1750 -3.6949 -4.8194 -3.0865 -2.7406

0.2494 0.1419 0.1361 0.1285 0.1243
yrsch2 -8.9702 -11.9263 -18.1719 -11.6294 -13.5659

1.9633 1.1311 1.0555 0.9828 1.0110
racebv2 0.1256 0.0200 -0.1891 -0.2537 -0.3037

0.0285 0.0170 0.0175 0.0162 0.0163
nonlabor2 0.3114 0.4637 0.4081 -0.0947 -0.3810

0.1113 0.0728 0.0639 0.0328 0.0278
nchild2 -1.4328 -1.4518 -1.4290 -1.2455 -1.3566

0.0480 0.0334 0.0373 0.0361 0.0366
unemp2 0.3508 -0.6092 3.3085 -6.5195 -0.1588

1.0374 0.4465 0.6838 1.0521 0.4092
heckincwage2 5.5836 7.1966 10.4220 7.9649 8.7347

0.7063 0.4083 0.3896 0.3678 0.3769
Note: Standard Errors Below

For husbands in the PSID if their wives earned more an additional $39,000 per
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year, the sign of the interaction term would flip and husbands would actually prefer

to work more if their wives worked. This puzzling results could indicate that at

low levels of wife income husbands are happy to stay at home, but at higher levels

would prefer to also work. For wives in the PSID, the interaction with husband

income is signed as expected: as husbands earn more wives get less utility from

working if their husbands also work. This is consistent with income sharing and/or

diminishing marginal utility from consumption.

Another interpretation is that wives who stay at home are receiving more utility

from their spouse’s income that husbands who stay at home. Surprisingly, the

coefficient on wife’s income for husbands has been going up over time, implying

that men are wanting more and more to work as their wife’s income increases.

Either working allows men more access to their wife’s income, or men are working

more in order to avoid being outearned by their wives as in Bertrand et al. (2015),

especially as women’s earnings are going up and maybe more likely to surpass

those of their husbands in more recent years.

2.6 Conclusion

I build on the literature on intra-household interaction and labor supply. I assume

non-cooperative Nash outcomes in order to estimate how labor supply functions

have changed over time, including the impact of husband’s decision on wife and

vice versa. The non-cooperative strategy has the advantage of allowing non-pareto,

self-enforcing, outcomes, and is superior to a bivariate probit model in that it allows

for spouses decisions to simultaneously affect one another.

To examine the interaction between husband and wife I first run a fixed effect
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regression of female labor supply, where husband’s employment is an explanatory

variable. I find that husband’s labor supply actually increases wife’s labor supply,

which is consistent with complementarity of leisure time between spouses, or of

wives wanting to avoid out-earning their spouses.

I then run cross-sectional bivariate probit regressions pooling the PSID years,

and by waves of the Census. I continue to find a strong positive effect of husband

labor supply on wife labor supply. The impact of wife’s labor supply on husband is

found to be negative, but this result is less robust. This result could be confounded

by a preference on the part of men to marry stay-at-home wives.

The complementarity of leisure, or preference for dual earner households, is

found to increase differentially across households with and without children. Hus-

bands who have children are more likely to work if their wives work, and wives who

have children are less likely to work if their husbands work. This could indicate

that for women children in the household increases the substitutability of leisure.

However, these estimates have been changing over time.

Finally I examine the impact of spouse’s income level on labor supply. I ex-

pected that having a higher income spouse would decrease the return to working

due to diminishing marginal utility from consumption in the household. I find

that although this is the case for wives, for husbands having a higher earning wife

actually increases labor supply. This effect has been increasing over time. Perhaps

with the closing of the gender wage gap the risk that a wife might out-earn her

husband has gone up, driving up with it husbands’ positive labor supply response

to wife’s labor supply.
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CHAPTER 3

IS THERE STILL SON PREFERENCE IN THE UNITED STATES?

(WITH FRANCINE D. BLAU, LAWRENCE M. KAHN, PETER

BRUMMUND, AND JASON COOK)

Abstract

In this paper, we use 2008-2013 American Community Survey data to update

and further probe Dahl and Moretti’s (2008) son preference results, which

found evidence that having a female first child increased the probability

of single female headship and raised fertility. In light of the substantial

increase in immigration, we examine this question separately for immigrants

and natives. Among the population in the aggregate, as well as among the

native-born separately, consistent with Dahl and Moretti (2008), we find

that having a female first child raises the likelihood that the mother is a

single parent. However, in sharp contrast to Dahl and Moretti (2008), we

find that having a female first child is actually associated with lower fertility.

Thus, by the 2008-2013 period, any apparent son preference among natives

in their fertility decisions appears to be outweighed by factors such as cost

concerns in raising girls. This change may be plausible in light of the reversal

of the gender gap in college attendance beginning in the 1980s (Goldin, Katz

and Kuziemko 2006), making girls more costly. For immigrants, we also find

evidence that having a female first child contributes to female headship,

with an effect that has the same magnitude as that for natives although

is not statistically significant. However, in contrast to natives, we do find

a positive fertility effect, suggesting son preference in fertility among this

group. This interpretation is further supported by evidence that, for both

first and second generation immigrants (second generation immigrants were

examined using the Current Population Surveys) having a girl has a more

positive effect on fertility for those whose source countries have lower values
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of the World Economic Forum’s Gender Equity Index, or lower female labor

force participation rates and higher sex (boy-to-girl) ratios among births.

We also examine sex selection and find no evidence that sex selection has

spread beyond the race groups identified in previous work (e.g., Almond and

Edlund 2008).
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3.1 Introduction

Economists have long been interested in the unequal treatment of women and men

in families and have studied several possible manifestations of male preference.

These include the impact of a child’s sex on family structure and on further fertility,

sex-selective abortion, and sex differences in access to health care and nutrition.1

Some of the strongest evidence of son preference comes from developing countries.

Sen (1990), for example, inferred that there were millions of “missing women”

in China and India, due largely to neglect in health care and nutrition and later

pointing in addition to sex selective abortion (Sen 2003). Anderson and Ray (2010)

note that unequal survival rates from specific diseases such as AIDS can also create

sex imbalances in the population. Beyond the most basic difference in treatment

of men and women — practices which lead to lower survival rates for women —the

issue of unequal treatment also potentially affects gender inequality in the family

and in society even where survival rates are the same.

In a landmark study for the United States, Dahl and Moretti (2008) found

evidence consistent with son preference, with results showing that having a female

first child increased the probability of single female headship and raised fertility.

In this paper, we revisit the question of son preference, adding to the literature in

several ways. First, we use 2008-2013 American Community Survey (ACS) data

to update and further probe Dahl and Moretti’s (2008) son preference results.

Updating is important because their analysis of family structure used data from

1960 through 2000, and, more significantly, their results for fertility were for the

1960-80 period. Further, in light of the increase in immigration and research

showing that more recent immigrant waves tend to come from countries with a

1See, for example, Dahl and Moretti (2008), Anderson and Ray (2010), Almond and Edlund
(2008), Abrevaya (2009), and Almond, Edlund and Milligan (2013).
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more traditional gender division of labor than exists in the United States (Blau,

Kahn and Papps 2011), we analyze immigrants and natives separately. Among

the population in the aggregate, as well as among the native-born separately,

consistent with Dahl and Moretti (2008), we find that having a female first child

raises the likelihood that the mother is a single parent, although the effect is

now considerably smaller than in their data. However, in contrast to Dahl and

Moretti (2008), we find that for the overall population, as well as among natives

separately, having a female first child is actually associated with lower fertility.

Thus, by the 2008-2013 period, any apparent son preference among natives in

their fertility decisions appears to be outweighed by factors such as cost concerns

in raising girls. On disaggregation, we find one group of natives that continues to

exhibit son preference in fertility: those with exactly a high school degree (17%

of married natives); however, for the other education groups, we find no direct

evidence of son preference as indicated by the impact of first-girl births on future

fertility. This change may be plausible in light of the reversal of the gender gap

in college attendance beginning in the 1980s (Goldin, Katz and Kuziemko 2006),

making girls more costly. Further, attitudinal data indicate that while men have a

preference for boys over girls, women show no preference either way.2 Thus, a move

away from son preference in couples’ fertility decisions could also reflect increased

bargaining power of women within the family as might be expected based on rising

female labor force participation rates and relative wages.3

Second, considering immigrants separately, we find some evidence that having

a female first child contributes to female headship; the impact is statistically in-

2Specifically, in 2011, when asked about sex preference supposing that one could have only
one child, men preferred a boy to a girl by a margin of 49 to 22 percent, whereas women were
split roughly equally with 31 percent preferring a boy and 33 percent preferring a girl. (A higher
proportion of women (36 percent) than men (28 percent) also said responded “Doesn’t matter,”
“Not sure,” or “No opinion.” See Newport (2011).

3For a review of the bargaining literature, see, for example, Lundberg and Pollak (2008).
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significant but has the same magnitude as the effects estimated for the aggregate

population and for natives. However, in contrast to our findings for natives, we do

find a positive overall fertility effect, suggesting son preference in fertility among

immigrants. This interpretation is further supported by evidence that, for both

first and second generation immigrants — immigrants and their native-born chil-

dren — having a girl has a more positive effect on fertility for those from source

countries with lower female status, as indicated by lower values of the World Eco-

nomic Forum’s (WEF) Gender Equity Index and other indicators. (The second

generation was examined using the 1995-2014 Current Population Surveys, which

have information on the birthplaces of respondents’ parents.)

We also examine another indicator of son preference, sex selection, by estimat-

ing the impact of the sex composition of previous children on the probability that

a given birth is a boy. We find no evidence that sex selection has spread beyond

the race groups (Chinese, Asian Indian, and Korean) identified in previous work

(e.g., Almond and Edlund 2008). This suggests that an increase in sex selection

among natives (as an alternative manifestation of son preference) is not driving

our fertility findings.

3.2 Literature Review and Our Contribution

As noted above, Dahl and Moretti (2008) made a major contribution in finding

evidence of son preference in the United States. Specifically, using data for the

1960-2000 period, they found that first-born girls were less likely to be living with

their father than first-born boys. That is, first-born daughters and their siblings

are more likely to be living in single-parent, female- headed families than first-born
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sons and their siblings, with important consequences for family income and poverty

incidence.4 While such a result is consistent with fathers’ preference for sons, as

Dahl and Moretti (2008) point out, there are other possible explanations. One is

that raising girls is more expensive than raising boys, making fathers more reluctant

to shoulder this burden. We note that this possibility is especially plausible in

more recent decades given girls’ greater propensity to attend college than boys’

beginning in the 1980s (Goldin, Katz and Kuziemko 2006). Another possibility

is that parents believe that the lack of a male role model is more harmful for

boys than girls or that fathers have a comparative advantage in raising sons. This

is consistent with recent empirical evidence suggesting that the negative effects of

growing up with economic disadvantage, and particularly in a single-mother family,

are more harmful for boys than girls. For example, Autor, Figlio, Karbownik,

Roth, and Wasserman (2016) find larger negative effects for boys than for girls on

a number of education-related outcomes of being born to low-educated, unmarried

mothers and raised in disadvantaged neighborhoods.5 And, as another example,

Bertrand and Pan (2013) find that being raised in a single-mother household has

major negative consequences for boys’ noncognitive development but much less so

for that of girls.

In order to distinguish between a preference for sons vs. these other explana-

tions for the effect of girls on family structure, Dahl and Moretti (2008) examine

the impact of a female first child on a couple’s subsequent fertility, developing a

model to clarify these effects. They show that son preference implies that the

probability of having additional children should be higher for all girl than for all

4As explained in greater detail below, Dahl and Moretti (2008) focus on the effect of having
a first-born daughter because fertility is potentially endogenous to the sex of the first-born child
and they find evidence to that effect.

5These outcomes include being kindergarten-ready, incidence of truancy and behavioral prob-
lems in elementary and middle school, performance on standardized tests, and high school grad-
uation.
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boy families. However, if one of the alternatives discussed above is correct, the

probability of having an additional child for all girl families should be equal to or

lower than for all boy families. The role model hypothesis has no implications for

subsequent fertility, all else equal, or possibly a negative effect if the impact of hav-

ing girls on family breakup is taken into account. If money and/or time costs are

higher for girls or fathers have a comparative advantage in raising boys (making

girls more expensive to raise) and children are a normal good, all-girl families are

poorer than otherwise-similar all-boy families; this should decrease the probability

of having another child due to the income effect. Taking into account the higher

probability of family break-up with girls would strengthen this expectation.

Since this reasoning implies that fertility is endogenous, Dahl and Moretti

(2008) focus empirically on the fertility consequences of having a first-born daugh-

ter. Using Census data for 1960-80, they find that the effect on fertility of having

a female first child is positive, an outcome consistent with son preference but not

with the notion that girls are more expensive to raise or that fathers are more

important or more effective for sons. Of course, these other explanations could

also be relevant, but Dahl and Moretti’s (2008) fertility results imply that son

preference outweighs any possible excess cost of raising girls in affecting future

fertility.

In this paper, as noted in the introduction we add important new findings to

the literature on son preference that cast doubt on its continued prevalence among

the native born in the United States. In particular, our finding that there is no

longer a positive effect on the future fertility of this group of a first child girl is

significant because it raises a question about whether the female headship findings

are due to son preference or one of the alternative interpretations discussed above.
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We are able to substantially update Dahl and Moretti’s (2008) analysis be-

cause our 2008- 2013 ACS data contain crucial information on marital history that

is needed for the fertility analysis and has been otherwise unavailable since the

1980 Census. Recall that Dahl and Moretti’s (2008) analysis of family structure

used data from 1960 only through 2000, and, more importantly, their results for

fertility were for the 1960-80 period. They focused on this earlier period for fer-

tility because, after 1980, the Census ceased collecting information on whether

the respondent had been married more than once. They deemed this information

crucial because marital status is endogenous to the sex of the first child. They

argue that, among a group of currently married women, some may be previously

divorced and, as they show, having a female first child increases this probability.

Divorced women have lower fertility, potentially biasing the impact of a female first

child on the fertility of currently married women downward. Using Census data

for the earlier period Dahl and Moretti (2008) were able to confine their analysis of

fertility to women who were in their first marriage, thus countering this bias. We

take advantage of ACS data, which include information on whether the respondent

has been married more than once, to update these results.

Given the growth in the immigrant share of the population and the tendency

of immigrants to come from countries with a more traditional gender division of

labor (Blau, Kahn and Papps 2011), we present results analyzing immigrants and

natives separately. This investigation is motivated by recent research highlighting

the role of culture in affecting gender- related outcomes such as fertility and labor

supply.6 (Recent findings on sex selection, discussed shortly, suggest an impact

on son preference as well.) Specifically, we compare results for female headship

6See, for example, Fernandez and Fogli (2006, 2009), Blau (1992), Antecol (2000), Blau, Kahn
and Papps (2011), Blau, Kahn, Liu and Papps (2013), and Blau and Kahn (2015) for studies
of the impact of culture on female labor supply and fertility behavior among first and second
generation immigrants.
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and fertility among first or second generation immigrants whose source countries

differ with respect to the WEF’s Gender Equity Index or alternative indicators

of female status including female labor force participation rates and (boy-to-girl)

sex ratios among births. These comparisons in effect provide an estimate of the

impact of different “doses” of son preference as indicated by measures of female

status differences across source countries.

As we have seen, Dahl and Moretti (2008) make the insightful argument that

alternative manifestations of son preference, like the impact of a female first birth

on female headship and fertility of married couples, may be viewed as comple-

mentary pieces of information in establishing son preference. However, it is also

possible that these and other avenues may to some extent be substitutes. For

example, a strong response to a female first birth along the dimension of family

structure might diminish the fertility response. Along that line, however, it is

interesting that we find overall and for natives that the family structure response

to a female first birth has decreased in our data compared to Dahl and Moretti’s

(2008) earlier period. This reduction in the family structure response and the lack

of any positive fertility effect of having a female first child together suggest a re-

duction in son preference among natives compared to the earlier period Dahl and

Moretti (2008) studied. Further, our examination of first and second generation

immigrants yields a much less robust association between the response to a female

first birth and source country characteristics for female headship than we found

for fertility, although there are some findings consistent with such a relationship.

While Dahl and Moretti’s (2008) study focused on the full U.S. population,

another strand of research on son preference examines North Americans with her-

itage from countries which have been known to practice sex-selective abortion, an
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extreme form of son preference: China, Korea, and India. For example, Almond

and Edlund (2008) used 2000 U.S. Census data to study the gender composition

of the children born to Chinese, Asian Indian, or Korean women (defined by the

Census question on race). They found that, among the subset of such families who

already had two girls, the third child was much more likely to be a boy than the

third child born to families that already had at least one boy or Whites irrespective

of the sex of elder siblings. Similar findings for Chinese and Asian Indian mothers

have been found by Abrevaya (2009), who used California birth record data. And

Almond, Edlund and Milligan (2013), using 2001 and 2006 Canadian census data,

found a similar result for first and second generation South and East Asian im-

migrants to Canada. Moreover, Almond, Edlund and Milligan (2013) also found

(among these ethnic groups) that having girls increased the likelihood of having

more children. The finding of son preference in influencing family gender compo-

sition has been recently questioned by Persaud, Kalantry, Citro and Nandi (2015),

using U.S. data, who found some evidence in favor of a preference for diversity

rather than for son preference among these groups.

In light of this research strand and in the interest of further pursuing the notion

of substitution across alternative manifestations of son preference, we examine the

impact of the sex composition of previous children on the probability that a given

birth is a boy. As noted previously, we find no evidence that sex selection has

spread beyond the groups identified in the previous literature. This rules out the

possibility that an increase in sex selection among natives could account for our

fertility findings for this group.
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3.3 Data and Research Design

Our central goal is to study female headship and fertility in order to make infer-

ences about son preference in the contemporary United States. Following Dahl

and Moretti (2008), we estimate the impact of having a first-born daughter on the

probability that a woman is a female head and for her fertility. We use American

Community Survey (ACS) data for 2008-2013 to study the behavior of the full

population and of natives and immigrants separately. And, since information on

parental birthplace is not available in the ACS, we use the March Current Popu-

lation Survey (CPS) data for 1995-2014 to study the immigrant second generation

(native- born individuals with at least one foreign born parent). We use a wider

time window for the CPS to increase sample size.7

We begin by estimating equation (1) below.

yit “ bFit `B
1Xit ` uit (3.1)

Where for each woman i in year t, y is an outcome variable including a binary

for female headship and indicators of fertility (the number of children and, in some

specifications, a binary for having n or more children, n = 2, 3, or 4); F is a binary

equal to one if the firstborn child is female, X is a vector of controls and u is a

disturbance term.

The vector X includes a cubic in respondents’ age, year fixed effects, and dum-

mies for region (based on 9 Census categories), respondents’ education (based on ă

7Information on parental birthplace became available in the CPS starting in 1994. We begin
our analysis of the CPS with the March 1995 wave because the 1994 survey had insufficient detail
on parents’ birthplaces.
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HS, HS only, Some College and College Degree), and race/ethnicity (based on non-

Hispanic White, non-Hispanic Black, non-Hispanic Asian, non-Hispanic Other, and

Hispanic). For analyses estimated on married samples, analogous spouse educa-

tion, race/ethnicity and age variables are also included. Regressions are weighted

by adjusting the ACS sampling weights so that each sample year of data contributes

equally to the estimation.

To further probe our findings from estimating equation (1) for immigrants in

the ACS and for second generation respondents in the CPS, we explore the impact

of source country characteristics on the response to a first child girl in the female

headship and fertility regressions by estimating equation (2).

yit “ bFit `B
1Xit ` C

1Sit `D
1FitSit ` E

1Zit ` F
1Iit ` eit (3.2)

where, suppressing subscripts, the additional variables in (2) are S — an indi-

cator or set of indicators of women’s status in the source country (to be discussed

further below), Z — a set of source country characteristics used as further controls

(again as discussed below), I — a set of variables referring to individual charac-

teristics specific to immigrants when we analyze foreign- born respondents, and e

— a disturbance term.

In terms of source country characteristics, we are particularly interested in

testing whether characteristics indicating a lower status of women are associated

with behavior consistent with son preference. To this end we examine the effect

of alternative indicators of the status of women in the source country, S, includ-

ing both main effects and interactions with first child female.8 One indicator we

8For descriptions of and sources for the source country variables, see the Data Appendix.
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employ is the WEF’s Gender Equity Index. This is an annual index computed

for each country that is based on the treatment of women on four dimensions: a)

Economic Participation and Opportunity; b) Educational Attainment; c) Health

and Survival; d) Political Empowerment. The index is calibrated so that higher

values signify more favorable outcomes for women. We use the average of the 2006

and 2007 values of the Gender Equity Index for each source country; the variable

is therefore measured before the data we use from the ACS, which as noted covers

the years 2008-13. (The Index is not available prior to 2006.)

While the Gender Equity Index provides an overall indicator of the favorable-

ness of a country’s environment to women, it imposes a specific weighting on its

components. To investigate the separate impact of some important gender-related

source country characteristics, in additional specifications, we replace the Gender

Equity Index with either (1) the female labor force participation rate relative to

that of men or (2) the relative labor force participation variable and the country’s

sex ratio at birth (boys/girls). Note that the measure of source country female la-

bor supply we employ is women’s labor force participation relative to men’s (female

LFP/male LFP). This relative measure is appropriate in that it captures the gen-

der division of labor explicitly. A further advantage is that it implicitly adjusts for

problems in measuring the labor force, particularly at different levels of economic

development, at least to the extent that such problems affect men’s and women’s

measured participation rates similarly. We follow the WEF in left-censoring the

sex ratio at birth at 1.059 to identify son preference rather than natural biological

variation. The fertility and sex ratio variables are averaged over the 2000-2007

period, thus measuring source country conditions for a reasonable period prior to

our ACS data.
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The regressions with source country variables also include controls for the main

effects of basic influences on family formation and fertility, Z, including total fer-

tility and the log of GDP per capita in the source country, which are also averaged

for the 2000-7 period. By including a measure of total fertility in the source coun-

try, we are interpreting the impact of having a female first child, controlling for

overall tastes for family size in the source country.

The immigrant-related variables I in equation (2) include the woman’s years

since migration and years since migration squared, and include an indicator for

whether her spouse was an immigrant.

Finally, we examine sex selection. Our goals in doing so are two-fold. First, we

seek to confirm that it is reasonable to view the sex of the first child as exogenous

— given the fundamental importance of this issue for our research design, we turn

to it shortly below. Second, we wish to examine the extent of sex selection for the

broad population (beyond the subgroup of individuals of Chinese, Korean, and

Indian origin who have been previously examined) to see whether sex selection

now constitutes a significant complement to or substitute for son preference in

female headship and fertility decisions for broad swaths of the population. In

particular, sex selection could provide an alternate channel for influencing the sex

composition of children and thus help to account for our failure to find evidence

consistent with son preference in the fertility decisions of natives. We consider the

latter exercise a robustness check and explore this question after our examination

of female headship and fertility. We study whether sex ratios are outside what

Anderson and Ray (2010) have identified as a normal biological range of 1.03

to 1.07 (boys to girls), as well as whether the sex composition of prior children

influences the sex composition of subsequently-born children.

125



The databases used in this and previous studies do not provide a fertility history

for the woman who is the respondent. Rather, following the existing literature (e.g.,

Dahl and Moretti 2008; Almond and Edlund 2008), we infer birth order, number,

and sex composition of children from the children present in the household. We

thus impose some sample restrictions in order to increase the likelihood that we

are observing all the children born to the respondent. Specifically, we restrict our

sample to women age 18-40 (married women in indicated specifications) with at

least one child, the oldest of whom is at most 12 years old. These age restrictions

on mothers and the oldest child present are made to reduce the probability that

there was an older child who had left the household. In addition, we restrict the

sample to women whose children were all born in the United States, and, in the

ACS, we exclude women from households where adopted, step, or foster children

of the household head are present.9 In addition, we exclude same-sex couples, and

women who were in group quarters or who had a multiple birth. Finally, given our

focus on nativity, we exclude respondents with American parents who were born

abroad because it is difficult to categorize such individuals as either natives or

immigrants (foreign born). Results for the native/immigrant pooled sample were

virtually identical when such individuals were included.

As discussed above, one issue in examining fertility is that marital status may

be endogenous to the sex of the first born child. Thus, in additional specifications,

we capitalize on the marital history information in the ACS to restrict the sample to

women in their first marriage who are married to men also in their first marriage.

While Dahl and Moretti (2008) only apply this restriction to the wife, it seems

reasonable to apply it to the husband as well since a child or children born during

a previous marriage could affect his preferences for the number and sex of children

9Note, this information is only available in relation to the household head. In the CPS, we
are only able to exclude households with foster children of the head.
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in the current marriage. Finally, since even a first marriage may be endogenous to

the birth of a girl, we also estimate our fertility models on a sample of all women.

As discussed above, this measure may be downward biased to the extent that a

first girl birth is positively associated with female headship.

These sample restrictions subsume the restrictions in Dahl and Moretti (2008)

and Almond and Edlund (2008). Because we combine restrictions from both stud-

ies, we have a more restrictive sample than either one, enhancing our chances of

accurately observing the sex and birth order of all the children in the household.10

Importantly, however, our results were virtually identical when we used Dahl and

Moretti’s (2008) sample restrictions and specification.

For selected waves of the June CPS, we know the total number of children ever

born to each female respondent for this period (2008, 2010 and 2012).11 While

these samples are of course much smaller than the ACS, they allow us to deter-

mine the degree to which the number of children living in the household (our

measure of fertility) accords with the number of children actually born to the fe-

male respondent. The data suggest that our sample restrictions lead to a sample

for which these numbers are well matched. This may be seen in Appendix Ta-

ble A-1, which shows the extent to which the number of children we assign to

each woman using our sample restrictions matches the number of children ever

born to that woman (based on the June CPS). The first thing to note is that our

other sample restrictions do substantially contribute to the accuracy of the match,

above and beyond restrictions on the age of the woman. In our married sample

10Dahl and Moretti (2008) restricted their sample to women age 18-40 whose oldest child
was at most 12 years old; Almond and Edlund (2008) restricted their sample to women whose
oldest child was no older than 12 years old and to women whose children were all born in the
United States; in addition, Almond and Edlund (2008) excluded households with step or adopted
children in relation to the head.

11This information is also available for 1995, 1998, 2000, 2002, 2004, and 2006.
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we correctly match 92% of the cases for both immigrants and natives, while in the

sample of all women, we match 91% of the cases for both immigrants and natives.

Subgroups such as Asian immigrants, Hispanic immigrants, and second generation

immigrants are also well-matched, with match rates ranging from 90 to 94%.

Recall that, because fertility is endogenous, we follow Dahl and Moretti (2008)

in focusing on the sex of the first child, rather than the sex composition of all

children present. Given that sex selective abortion is a feasible option, a question

may be raised as to whether the sex of the first child is indeed exogenous.12 This

issue is examined in Appendix Table A-2, which presents the probability of a male

first birth for natives and immigrants. Anderson and Ray (2010) emphasize that

there is considerable natural variation in the sex ratio at birth, but, as previously

noted, identify a range of 1.03 to 1.07 that they take as “normal.” What do the

sex ratios of first births look like in our data? We use three alternative samples.

First, we focus on women who are married with spouse present (and with all of the

other age- and children-related sample restrictions). Second, recognizing, as Dahl

and Moretti (2008) argue, that having a girl can raise the probability of a marital

breakup, we restrict the sample to those in their first marriage. Third, we use a

sample of all women, since even a first marriage can be endogenous with respect

to the sex of one’s first child.

Appendix Table A-2 shows that for all three samples, the first child sex ratio

12Although in principle, use of Assisted Reproductive Technologies (ART) can be used for
nonmedical sex selection purposes, this potential method of sex selection is extremely rare.
According to the Society for Assisted Reproductive Technology, a member organization that
registers 95% of in vitro fertilization cycles in the United States (www.sart.org), 63,286 babies
were born in the United States in 2013 using in vitro fertilization (http://www.sart.org/news/
article.aspx?id=14570. In such cases, Pre-implantation Genetic Diagnosis (PGD) — the tech-
nology that in principle can be used for sex selection– is used 4-6% of the time, and of these, 9%
involved nonmedical sex selection in 2005 (Baruch, Kaufman and Hudson 2008). These percent-
ages imply that an upper bound of (0.06)(0.09)(63286)=342 babies born in the United States
using nonmedical sex selection. This represents a miniscule fraction (0.00009) of the 3,912,181
births registered in the United States in 2013 (Martin et al. 2015).
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(boys to girls) is well within the range suggested by Anderson and Ray (2010) as

indicating a biologically-normal ratio. The table shows the boy-to-girl ratio, and

the 95% confidence interval endpoints.13 In particular, the sex ratio ranges from

1.043 (for immigrants among all women) to 1.057 (for natives among women in

their first marriage). The ratio is slightly lower for all women than for the married

samples, although the differences across samples are not statistically significant.

Nonetheless, the (slightly) lower ratio of boys to girls among all women than among

married women is consistent with Dahl and Moretti’s (2008) finding that having a

girl increases the probability of a single parent household. We examine the issue

of single headship further below.

In results not shown but available upon request, we also computed the sex

ratio of the first child separately by nativity-race/ethnic group status. The

race/ethnicity breakdowns included non-Hispanic whites, non-Hispanic blacks, His-

panics, and, based on the race question, non-Hispanic women who were (i) Chinese,

Korean, or Indian or (ii) other Asian (Asian but not Chinese, Korean or Indian).

In almost every case, the sex ratios for these groups were not significantly different

from the normal range reported by Anderson and Ray (2010), and the point esti-

mates were usually in the range itself. There were two exceptions to this pattern.

First, among native-born other Asians, sex ratios of the first child ranged from

1.127 to 1.178 (across the marital status groups shown in Appendix Table A-2),

and these were statistically significantly greater than the upper limit of the normal

range (1.07).14 We note that this group comprises about 1% of natives and that

immigrants who were of the same race/ethnicity (i.e., other Asian) had biologi-

13We calculate these endpoints based on the endpoints of the 95% confidence intervals for the
means of the fraction of first children who are boys.

14Asian natives with heritage from countries other than China, Korea or India have a variety
of national origins, with Japan, the Philippines, and Vietnam being the most common origin,
comprising 60-63% of this group.
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cally normal sex ratios of their first children. Second, native black women had

sex ratios that were lower than the minimum of the normal range, with estimates

ranging from 1.012 to 1.014, and these were significantly less than 1.03 for one out

of the three marital status groups. Anderson and Ray (2010) also note the low

sex ratios among black children and suggest that it is due to biological factors.

Overall, the breakdown of the sex ratios of the first children by nativity-ethnicity

status confirms our conclusion based on the aggregate sex ratios for natives and

immigrants: specifically, using the sex of the first child as an exogenous factor

potentially influencing future family formation decisions appears to be justified.

3.4 Aggregate Results for Female Headship and Fertility

We begin our data analysis of son preference by presenting regression results for

the determinants of female headship and fertility at the aggregate level in order to

characterize the United States as a whole, including both pooled results for the full

population and for natives and immigrants separately.15 In the next sections, we

consider educational and race/ethnic differences in these outcomes for both natives

and immigrants and cultural (source country) differences for immigrants and the

second generation.

Table 1 shows results for the determinants of female headship, estimated for

natives and immigrants separately and for both groups pooled. Similar to Dahl

and Moretti (2008), we find that having a female first child raises the probability

of female headship both overall and for natives. For immigrants the effect is

the same as for natives (0.003) but the point estimate is not significant. In all

15All results we report are for samples that meet the sample inclusion restrictions outlined
above.
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cases (natives, immigrants and both combined), the impact is about 1-2% of the

mean, a modest but statistically significant effect for natives and for natives and

immigrants aggregated. While these results are broadly consistent with those of

Dahl and Moretti (2008), we note that the point estimate we obtain for our pooled

sample is 40 percent lower than that obtained by Dahl and Moretti (.003 vs. .005)

and the difference is significant.

Table 2 shows the impact of having a girl as a first child on total fertility

among married women who have had at least one child, again for natives and

immigrants separately and for both groups pooled. We estimated these models

for four samples: Panel A-All Marriages; Panel B- First Marriages; Panel C-All

Marriages, Spouses Same Immigrant Status; Panel D-First Marriages, Spouses

Same Immigrant Status. As noted by Dahl and Moretti (2008) and discussed

previously, if having a girl increases the likelihood of divorce or decreases the

likelihood of marriage, then it may be important to restrict the sample to first

marriages. Moreover, in Panels C and D, we use more homogeneous samples

where both spouses are either natives or immigrants.

The results are very similar across all four samples and are not sensitive to

the restriction to first marriages. First, among natives, having a female first child

has a small but significantly negative effect on future fertility in each sample. The

effects range from -0.007 to -0.009, or about -0.4 to -0.5 percent of the mean fertility

level. This significant negative effect shows up for both the probability of having

two or more and three or more children. We also find negative point estimates for

immigrants and natives pooled, although the coefficient estimates are smaller in

magnitude and are not statistically significant. These results strongly contrast with

Dahl and Moretti’s (2008) finding from the 1960-1980 Censuses that, among first
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marriages, having a female first child raises future fertility by 0.3% of the mean.

While Dahl and Moretti (2008) pooled natives and immigrants, their sample is

surely dominated by natives, an even larger share of the total population during

the period covered by their data. They took their finding to imply son preference

in fertility and to support their interpretation of the female headship results as

indicating son preference. We note that when they included all marriages (for the

1960-2000 period), the effect of having a female first child was much smaller (0.1%

of the mean) and not statistically significant. In contrast, our finding for natives

is negative, significant, and does not depend on the particular sample examined.

A key difference between our results for natives and for the full population in

Table 2 and Dahl and Moretti’s (2008) fertility results is that ours are estimated

for the 2008-2013 ACS, in contrast to the 1960-80 sample they studied for first

marriages. Evidently, as of 2008-13, on average, there is no longer son preference

in the aggregate population or for natives overall, as expressed in the response of

fertility to a female first child. While the significant negative effects for natives

of having a female first child shown in Table 2 could reflect a preference for girls,

they could also be a response to higher costs of raising girls. The findings in Dahl

and Moretti (2008) suggest that preferences for boys outweighed such cost consid-

erations (if any) during the 1960-80 period. Our findings imply either a reduction

among natives in preferences for boys and/or an increase in the relative cost of

raising girls. One factor that could contribute to costs is that, today, the majority

of college students are female, in contrast to the higher male representation dur-

ing the 1960-80 period (Goldin, Katz and Kuziemko 2006). Thus, it is possible

that families who have girls today are more likely to anticipate higher college costs

for their children than in the past. Further, while some data suggest aggregated

preferences for the sex of a child have not changed, son preference appears to be
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a male phenomenon (Newport 2011). Thus, this outcome could also indicate that

women have a greater say in this decision than previously, as might be expected

given rising female labor force participation and relative wages. In any case, the

sign change in the findings for native fertility removes a crucial piece of support-

ing evidence that the positive effect of a first girl on female headship is due to son

preference as opposed to the higher costs of raising girls or concerns over the larger

negative effects of absent fathers on boys.16

Table 2 also shows that, in contrast to the findings for natives, there does

appear to be a fertility effect consistent with son preference among immigrants.

The impact of having a female first child among immigrants is very similar across

samples. It ranges from 0.015 (0.8% of the mean) to 0.020 (1.1% of the mean) and

is highly significant in each case. These effects are larger than those obtained for

the full population by Dahl and Moretti (2008) for the earlier period. As in Dahl

and Moretti’s estimates, this effect does not show up until beyond the margin of

having two or more children, probably because, as they discuss, having at least

two children is so prevalent. To the extent that having a preference for boys

characterizes values emphasizing traditional gender roles, the contrast between

immigrants and natives shown in Table 2 suggests that, overall, immigrants have

more traditional values than natives.17 Below, we probe this possibility, explicitly

16We found that the disappearance of the positive effect of a female first child on fu-
ture fertility can be seen in Dahl and Moretti’s (2008) own data, which are available at:
http://econweb.ucsd.edu/~gdahl/research.html, when we analyzed these data separately
by subperiod. Specifically, if one uses all married women (not restricting to women in their
first marriage) or all women (not restricting to married women), one can compare this effect for
1960-80 with 1990-2000. When we ran their model for all married women for 1960-80, the effect
of a female first child on fertility was a highly significant 0.0042 (se 0.0015); and the impact for
all women was a highly significant 0.0036 (se 0.0014). However, we found that the impact for
these samples had evaporated by 1990-2000: for all married women it was -0.0018 (se 0.0032),
and for all women it was -0.00002 (se 0.0029). Our results shown in Table 2 imply that this effect
continued to get increasingly negative post-1990-2000.

17Blau, Kahn and Papps (2011) found that immigrants had a more traditional division labor
in the home than natives, as indicated by women’s labor supply behavior, reflecting the lower
female-relative-to male labor supply ratios in immigrant source countries compared to the United
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examining the impact of source country characteristics on the effect of a female

first child on fertility and female headship among immigrant and second generation

women.

The combination of results in Tables 1 and 2 does not allow us to definitely con-

clude that there is son preference among natives, in contrast to Dahl and Moretti’s

(2008) findings. While son preference could still explain the results for female

headship, as noted, they could also be explained by factors such as the cost of rais-

ing girls or the perceived benefit of having a father present for sons vs. daughters.

The results in Table 2 show that, for natives, having a female first child lowers

fertility and hence provide no direct supporting evidence of son preference for this

group.18 This finding is significant in itself and also because it raises a question

about whether the female headship findings are due to son preference or one of the

alternative interpretations discussed above.

As we have seen, Dahl and Moretti (2008) make the insightful argument that al-

ternative manifestations of son preference, like the impact of a female first birth on

female headship and fertility of married couples, may be viewed as complementary

pieces of information in establishing son preference. However, it is also possible

that these and other avenues may to some extent be substitutes. For example,

a strong response to a female first birth along the dimension of family structure

might diminish the fertility response. Along that line, however, it is interesting

that we find overall and for natives that the family structure response to a female

first birth has decreased in our data compared to Dahl and Moretti’s (2008) data

States.
18As we noted, even first marriages can be endogenous. When we re-estimated the basic

fertility model on a sample of all women (not restricted to married women) who met the sample
inclusion criteria, the results were very similar to those in Table 2: for natives, having a female
first child lowered fertility by 0.008 (se 0.003), and for immigrants, a female first child raised
fertility by 0.012 (se 0.006).
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for the earlier period. This reduction in the family structure response and the

lack of any positive fertility effect of having a female first child together suggest

a reduction in son preference among natives compared to the earlier period Dahl

and Moretti (2008) studied. As discussed further below, our examination of first

and second generation immigrants yields a much less robust association between

the response to a female first birth and source country characteristics for female

headship than we find for fertility, although there are some findings consistent with

such a relationship. Since we find evidence of son preference in fertility among im-

migrants, the weaker headship results for source country characteristics call into

question the interpretation of female headship as an indicator of son preference, at

least for this group. Moreover, our results for natives also call into question this

interpretation, since, although having a female first child raises single parenthood

among natives, it does not raise fertility, a more direct indicator of son preference.

3.5 Female Headship and Fertility: Heterogeneity by Ed-

ucation and Race/Ethnicity

We now explore the degree to which the aggregate findings for female headship and

fertility shown in Tables 1 and 2 hold within subgroups of the population. We first

study heterogeneity across education groups and then explore differences in son

preference across race/ethnic groups. In the next section, we probe the immigrant

results further by analyzing the impact of source country characteristics on the

responsiveness of immigrants to a female first child.
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3.5.1 Differences by Education Group

Tables 3 and 4 show the results for the impact of a female first child on female

headship (Table 3) and fertility (Table 4) disaggregated by education group. For

natives, with the exception of high school graduates, results are broadly consistent

with the aggregate results presented in Tables 1 and 2, although the magnitude

and significance of the estimated coefficients varies. Except for those with exactly

a high school degree (high school graduates), having a female first child is found to

have a positive effect on the probability of female headship and a negative effect

on fertility. The results for high school graduates, however, show a pattern more

consistent with son preference on both dimensions. The impact of a female first

child on female headship is larger for high school graduates (0.007) than for the

other education groups (0.002), although not significantly so, while the effect on

fertility is large, positive and significant.19

For immigrants, the headship results are mixed. The effect of a female first

child on female headship is positive for high school and below (0.008 and 0.014)

and significant or larger than its standard error. However, the impact for those

with more than high school is negative in both cases, although not significant.

These mixed results by educational attainment contribute to the weaker results

for the impact of first child female on headship for immigrants than natives in the

aggregate, which were obtained in Table 1. For fertility, the impact of a female first

19 The headship findings for natives in Table 3 imply that a portion of the relatively high
incidence of female headship for high school graduates (41.1%) compared to college graduates
(11.1%) could be due to different responses to female first births. However, this does not appear
to be a quantitatively important factor. Assuming about 49% of first births are female, a female
first birth leads to an increase in the incidence of female headship of 0.0034 (0.007*0.49=0.0034)
for native high school graduates and 0.00098 (0.002*0.49) for native college graduates. Therefore,
the response to female first births can account for a difference in female headship between high
school graduates and college graduates of only 0.0024, or 0.008% of the actual difference in
incidence between the two groups.
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child is more consistent with aggregate results being positive for each education

group. Interestingly, the estimated effect is especially large (and significant) for

those with a high school degree (0.037).

As we have seen, high school graduates are the one group of natives who seem

to evince evidence of son preference in fertility. This group comprised a much

larger portion of Dahl and Moretti’s (2008) sample of women in first marriages for

1960- 80 (48%) than it does for our sample of natives and immigrants pooled (18%

for all marriages and 17% for women in their first marriage), reflecting both the

increase in education levels over time and the reduction in relative and absolute

marriage rates among the less educated since 1960-80.20 Moreover, the group with

the largest positive effect of a female first child on fertility during 1960-80, as found

by Dahl and Moretti (2008), was women with less than a high school degree; and

this group comprised 22% women in their 1960-80 sample compared to 8% of all

married women and also 8% of women in their first marriage in 2008-13. We find

an insignificantly negative effect of first child girl for fertility for this group (see

“Both” in Table 4.) Nonetheless, it remains the case that the two education groups

for which Dahl and Moretti (2008) found had large positive fertility responses to

a female first child for 1960-80 have fallen from a total of 70% of married women

in their first marriage to 25% during our sample period, 2008-13.

The differing effects we have just discussed for education groups raise the pos-

sibility that the disappearance of evidence for son preference in fertility that we

have found in the 2008-13 data compared to Dahl and Moretti’s (2008) findings

for 1960-80 reflects changes in the distribution of married women by education.

To assess this possibility, we re-estimated our basic models reweighting the data

20We computed the information about Dahl and Moretti’s (2008) sample using their data,
which are posted at: http://econweb.ucsd.edu/~gdahl/research.html. Their data don’t
distinguish between immigrants and natives.
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using the incidence of educational attainment in Dahl and Moretti’s (2008) sam-

ple. Since Dahl and Moretti’s (2008) data did not distinguish between natives and

immigrants, we pool natives and immigrants in our reweighted models. In this

analysis, we used three education groups (less than high school, high school, and

more than high school) in order to match Dahl and Moretti’s (2008) educational

breakdown.21 We found, however, that, even using 1960-80 education weights the

re-weighted regressions for 2008-13 did not replicate Dahl and Moretti’s results

for fertility. Focusing on the effect for immigrants and natives pooled (since Dahl

and Moretti do not distinguish these groups), we continue to obtain a small and

negative effect on fertility as we found in Table 2. Thus, even with the 1960- 80

education distribution, there is still no evidence that, in the aggregate, having a

female first child raises fertility in our period.22 Thus, there appears to have been

some behavioral change with respect to son preference in fertility since the 1960-80

period that was the focus of the Dahl and Moretti (2008) analysis.23

3.5.2 Differences by Race/Ethnicity

In this subsection, we investigate whether the aggregate native and immigrant

effects of having a female first child on female headship and fertility are heteroge-

21We note that when we re-estimated the models used to produce the results in Tables 1 and
2 using three instead of four education categories, each first-girl coefficient and standard error
was the same as in those two tables.

22The effect of having a female first child for fertility among all married women was 0.001 (se
0.003); and the effect was identical to this for first marriages.

23This behavioral change can also be seen between 1960-80 and 1990-2000, using Dahl and
Moretti’s (2008) data. Specifically, we reestimated their model for fertility using either all married
women or all women for the 1990-2000 sample using educational weights for these groups taken
from their 1960-80 samples. The effects of a female first child on fertility were -0.0014 (se 0.0033)
for married women and 0.0007 (se 0.0030) for all women (compared to - 0.0018 (se 0.0032) for
married women and -0.00002 (se 0.0029) for all women using just the provided sample weights).
Thus, even controlling for the changing distribution of education, by 1990-2000, the impact of a
female first child on fertility was small and insignificant, in contrast to its larger and significantly
positive effect for 1960- 80.
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neous by race/ethnic group. The results are shown in Tables 5 and 6. We include

the standard categories controlled for in our previous regressions: non-Hispanic

Whites (the omitted category), non-Hispanic Blacks, non-Hispanic Asians, non-

Hispanic others, and Hispanics. In light of the literature on sex selection in China,

Korea and India (CKI), we disaggregate the non-Hispanic Asian category into CKI

and non-CKI subgroups.

For natives, Table 5’s results for female headship show only one significant

interaction with an indicator for having a female first child: natives with Chinese,

Korean, or Indian (CKI) heritage have a significantly negative interaction effect

of having a girl on female headship relative to white, non-Hispanic natives; this

group represents less than one half of one percent of natives. For immigrants

with Asian heritage other than Chinese, Korean or Indian, there is a significant

negative interaction with having a female first child; this group comprises about

11% of immigrants and 2% of the total population. Finally there is a positive

interaction for immigrants of other race, a heterogeneous group that comprises

about 1% of immigrants and 0.2% of the population. Thus, for most people in

non-white subgroups, the effects of a female first child on female headship are not

significantly different from those of whites.

Table 6 shows effects of a female first child on fertility by race/ethnicity group.

For natives, there are positive interaction effects between being Black (nearly sig-

nificant) or being Hispanic (significant) and having a female first child on subse-

quent fertility. Thus, there appears to be relatively more son preference along this

dimension among Hispanic and, possibly, Black, native women than among white

native women. These interaction effects largely hold for first marriages, for mar-

riages with both spouses having the same ethnicity, and for first marriages with
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both spouses having the same ethnicity (results available on request). However,

computing the effect of having a female first child for Black or Hispanic women

(i.e., adding the First Child Girl main effect and Girl*Hispanic or Girl*Black inter-

action effects) only produced a significantly positive effect on fertility for Hispanic

women, even though the point estimates were positive in all cases. Note that it

is likely that many Hispanic natives are second generation immigrants and thus

that the positive effect on fertility for this group may be part of a broader sec-

ond generation pattern reflecting source country values, which we examine in the

next section. In supplemental analyses (results not shown) we use the CPS to

confirm this. Specifically, we find that the positive Girl*Hispanic interaction effect

on fertility for natives is entirely accounted for by its effect on second generation

Hispanic women.

In contrast to natives, for immigrants, there were no significant Girl-interactions

with the race/ethnicity dummy variables. However, in results presented below, we

show that there is a lot of heterogeneity in apparent son preference in fertility

among immigrants associated with characteristics in their countries of origin.

3.6 Source Country Characteristics and First Child Girl

Effects for Immigrants and the Second Generation

Overall, we do not find direct evidence of son preference for fertility for natives

in the aggregate, although the female headship results are consistent with this

phenomenon. However, immigrants, on average, do exhibit son preference in their

fertility behavior which potentially provides supporting evidence for the (weaker)

findings of female headship for them that might indicate son preference along this

140



dimension. If the immigrant results for female headship and fertility reflect son

preference, they would likely be tied to source country variables that measure

the status of women in these countries. We thus examine these relationships for

both immigrants and second generation natives — evidence of such an association

provides further support for interpreting the estimated effects as indicators of son

preference. We begin by first considering fertility, since results for this variable

were stronger than for female headship. We then examine the headship findings.

Since there are alternative explanations for the association between first child girl

and the probability of female headship, it will be interesting to see whether the

son preference explanation is supported by an association with source country

characteristics.

Table 7 presents fertility results for immigrants and shows that the impact

of a female first child on fertility is indeed affected in the expected direction by

indicators of women’s status in the immigrant’s source country. We show results

for all married couples as well as for women married to men who were immigrants

from the same source country. In results not shown but available upon request, we

also estimated models where immigrants were restricted to their first marriage and

also where they were both married to immigrants from the same source country

and in their first marriage. In all cases the results were very similar.

The key results in Table 7 concern the interactions between first child girl

and indicators of the status of women in the source country; as noted above, all

regressions additionally control for total fertility and the log of GDP per capita in

the source country. In Columns 1 and 4, we summarize women’s status using the

World Economic Forum’s Global Gender Equity Index. In additional specifications,

we investigate the separate impact of some important gender-related source country
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characteristics by replacing the Equity Index with either (1) the female labor force

participation rate relative to that of men (Columns 2 and 5) or (2) the female labor

force participation ratio and the country’s sex ratio at birth (boys/girls) (Columns

3 and 6).

The results of these alternative measures of women’s status and gender roles

in the source country are similar and strongly support a link between these source

country characteristics and immigrant fertility behavior in the United States. Col-

umn 1 shows a significant negative interaction between first child girl and the

Gender Equity Index; Column 2 shows a significant negative interaction between

first child girl and the female relative LFP rate; and Column 3 shows a significant

negative interaction between first child girl and the female relative LFP rate and a

significant positive interaction between first child girl and the sex ratio at birth. In

all cases, the apparent preference for boys is stronger among immigrants coming

from societies with lower status for women — i.e., countries with lower Equity

Indexes, lower female relative LFP rates, or higher sex ratios at birth. As noted,

the results were very similar when we restricted the sample to women married

to men from the same source country or women in their first marriage or both

restrictions. However, as Table 7 shows, the effects are less significant when we

restrict the sample to women married to men from the same country, although

the magnitudes are comparable. Because of the similarity in magnitudes across

the two samples, we believe that the difference in significance levels is due to the

smaller sample sizes when we restrict the sample to those married to men from the

same country.

To assess the magnitudes of the differences in preference for boys across source

countries, we used the coefficients in Table 7 and the sample distribution of the
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source country characteristics that are interacted with the first child girl variable.

For example, the first column of Table 7 shows a significantly negative interaction

effect between (First Child) Girl and the source country’s Gender Equity Index,

indicating weaker son preferences for immigrants coming from countries that score

higher on the index. We contrast the effect of first child girl on the fertility of

women migrating from a country at the 75th percentile of the Gender Equity

Index in our immigrant sample with that of women migrating from a country at

the 25th percentile of the Gender Equity Index; the 75th percentile of the Index is

0.6796 and the 25th percentile is 0.6459. These percentiles are implicitly weighted

by the (weighted) frequency of immigrants from each source country. As examples,

Thailand has an index near the 75th percentile, and Mexico’s index is near the 25th

percentile. In contrast, the 2006-7 average Gender Equity Index for the United

States is 0.7022, or above the 75th percentile for immigrants to the United States.

The Gender Equity Index thus provides some further evidence that gender roles

are more traditional on average in source countries than in the United States, as

noted by Blau, Kahn and Papps (2011) in their study of labor supply.

Using the parameter values in Table 7 (all couples sample), we find that the

impact of first child girl on fertility is relatively large and statistically significant for

women coming from a country at the 25th percentile of the Gender Equity Index

(0.0186, se 0.0050) and smaller and not statistically significant for women coming

from a country at the 75th percentile (0.0095, se 0.0077). When we replace the

Gender Equity Index with the female relative LFP rate (Column 2), the results are

similar. The female relative LFP ratio at the 25th percentile is 0.4946, or about

Mexico’s level, and 0.7123, or about the value in Cyprus, at the 75th percentile.

The effect of first child girl on fertility is larger and statistically significant at the

25th percentile (0.0229, se 0.0054) and smaller and not statistically significant for
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women coming from a country at the 75th percentile (0.0066, se 0.0089). Finally,

when we include both the female relative LFP ratio and the sex ratio at birth

(Column 3), the results are again similar. Specifically, we compare women coming

from countries at the 25th percentile of the female relative LFP ratio with a rela-

tively high sex ratio of 1.103, or the level in India (which corresponds to the 95th

percentile of the distribution) with women coming from countries at the 75th per-

centile of female relative LFP ratio with a sex ratio of 1.059 (the minimum value

for this variable as constructed). (Note that high values of the sex ratio above

the normal biological range are relatively rare in the data.) Thus, the comparison

is between two types of source countries: one with a high female LFP rate and

biologically normal sex ratio (Senegal’s values are close to these outcomes) and

one with a low female LFP rate and India’s high sex ratio (India has a relatively

low female LFP rate as well as a high sex ratio). The effect of first child girl on

fertility of women coming from the less “female friendly” country is relatively large

and significant (0.0370, se 0.0058), while the effect for women from a more female

friendly is small and not statistically significant (0.0014, se 0.0093).

These simulations show that in all three specifications in Table 7, the impact of

first child girl on fertility of women coming from a country where women have lower

status is large and highly statistically significant. In contrast for women coming

from countries where women have higher status, it is small and not statistically

significant.24

The results for immigrant fertility are consistent with son preference in the

aggregate, as well as the importance of source country characteristics or culture in

affecting the degree of son preference. In contrast, for natives overall, the fertility

24The effects are quite similar but with larger standard errors for the (considerably smaller)
sample with spouses having the same birthplace (Columns 4-6 of Table 7).
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results do not suggest such preferences are dominant. An important question is

whether immigrant preferences for sons and the cultural differences implied in the

impact of source country characteristics persist into future generations. Tables 8

and 9 explore this issue by examining the impact of first child girl on the fertility of

second generation women. As noted earlier, the information on parental birthplace

of respondents in the CPS, in addition to, of course, where they themselves were

born, allows us to study son preference separately among the foreign born (the 1st

generation), among natives with foreign born parent(s) (the 2nd generation) and

among natives with native-born parents (the 3rd+ generation).

Table 8 shows the overall effects of first child girl on fertility for each of these

groups, using the March CPS from 1995 to 2014 (this wider time window is used

to increase sample size). These results can give an indication of whether the

CPS is yielding broadly similar overall results to the ACS before we consider finer

distinctions among the 2nd generation based on source country. In terms of the

signs of the effects, the results are indeed similar. First, the effects for natives with

native parents (3rd+ generation) — the majority of natives — are similar to those

obtained for natives in Table 2. (Recall that in the ACS, we cannot tell if natives

had native-born or foreign-born parents). Specifically, a female first child leads

to lower fertility, suggesting that the higher cost of raising girls has the dominant

effect. Second, the effect for immigrants (the 1st generation) is also similar to that

in the ACS: having a female first child significantly raises fertility for immigrants.

Table 8 also permits us to now look at second generation women separately. For

this group overall (Panel C, “all”), first child girl raises fertility, although the effect

just misses statistical significance at conventional levels. The effect becomes larger

and statistically significant when we restrict the second generation sample to those
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with both parents foreign born. In fact, for this group, the effect of 0.054 is similar

to the effect for immigrants (0.040). But the effects are smaller and insignificant

when only one parent (mother or father) is foreign born. The larger effect for

women of having both parents foreign born suggests a stronger “treatment” than

when only one parent is foreign-born.25

Table 8 concerns the average second generation effect on fertility of having first

child girl. As was the case for immigrants, there is considerable variation in source

countries for the parents of second generation women, and in Table 9, we study

whether this variation affects the relationship between fertility and first child girl

for the second generation. The results are qualitatively quite similar to those for

immigrants shown in Table 7. Specifically, among all second generation women

(either parent foreign born), those whose parent(s) came from a country with a

higher Gender Equity Index exhibit significantly less son preference in fertility than

those whose parent(s) came from a country with a lower gender equity index. Fur-

ther, the interaction effect for Girl*LFP Ratio is significantly negative (Columns

2 and 3), while the interaction with Sex Ratio at Birth is positive, though not

statistically significant (Column 3). The results are qualitatively similar but less

significant when both parents were foreign born (Columns 4-6), possibly reflecting

the smaller sample sizes.26 Overall, the results suggest that cultural transmission

of son preference in fertility from source country to immigrants continues into the

second generation.

25Although results for immigrants and natives in the CPS are similar in sign to the results we
obtained with the ACS (Table 2), the magnitudes of the estimated effects are larger in the CPS
than in the ACS. This could be due to our wider time window in the CPS analysis (1995-2014).
However, when we restricted the CPS analysis to the same years as the ACS — 2008-2013, the
effects for immigrants and 3rd+ generation natives remained larger than in the ACS. In this
analysis, effects for the second generation became negative and usually insignificant.

26As was the case with the overall effects for immigrants or natives, the interactions for second
generation women shown in Table 9 are larger in magnitude for the Equity Index and LFP Ratio
than for immigrants shown in Table 7; however, the effect for Girl*Sex Ratio at Birth is smaller
for second generation women than for immigrants.
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Turning to the effect of source country characteristics on first and second gen-

eration immigrant propensities to form single parent households, recall that our

aggregate analysis of female headship showed a significantly positive effect of a

female first child for natives and the same coefficient value, though insignificant,

for immigrants. For immigrants, the combination of a positive effect of a first girl

birth on fertility with a positive effect on headship is consistent with complemen-

tary evidence of son preference. Certainly the impact of source country indicators

of female status on immigrant and second generation fertility discussed above is

supportive of this interpretation for the fertility results. Here we see if a simi-

lar investigation of the impact of source country characteristics on immigrant and

second generation headship is also consistent with such an interpretation.

Table 10 studies source country effects on female headship among immigrants

using the ACS by interacting the first child girl indicator with source country char-

acteristics as was done for fertility in Table 7. It shows that the effect of a female

first child is weaker for women migrating from countries with higher Gender Equity

Index scores; the interaction effect is not significant but is larger than its standard

error. However, we do not obtain significant results for the labor force participation

ratio in either specification or for the sex ratio (the latter is also “wrong signed”);

and all estimated effects are small relative to their standard errors. Thus, while

the result for the Gender Equity Index suggests the positive relationship between

first child girl and female headship may be indicative of son preference, the findings

for source country characteristics for headship are considerably weaker than the

fertility results.

Finally, Tables 11 and 12 show CPS results for female headship distinguishing

immigrant generation, with Table 11 giving aggregate results and Table 12 results
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for the effect of parents’ source country characteristics on female headship for the

second generation. Table 11 shows that the aggregate CPS results are broadly

consistent with our findings from the ACS in Table 1, indicating a positive effect

of first child girl on the probability of female headship, with the effect being positive

for both the 3rd and 1st generations. As in the ACS, the results for immigrants

(the 1st generation) are not statistically significant. The results for the second

generation in the aggregate show that first child girl generally has a negative effect

on female headship among second generation individuals, although this effect is

usually not statistically significant. This stands in contrast to the positive effects

for first and third plus generation individuals.

The results for source country characteristics for the second generation in Table

12 show positive and significant interactions between first child girl and sex ratio

at birth in the parental source country. The main effect of First Child Girl is

negative, and the main and interaction effects imply that a female first child lowers

the probability of single parenthood at sex ratios less than 1.112 (column 3) or

1.183 (column 6). In our data, only three countries have sex ratios greater than

1.112: Armenia (1.1631), Azerbaijan (1.1547), and China (1.1533). Based on the

results in Column 3, at these very high sex ratios, first child girl leads to more

single parenthood, an expected result. However, the Gender Equity Index and

Labor Force Participation Ratios also have positive interactions with First Child

Girl, and these are sometimes significant. These are unexpected results, since one

would expect less son preference among women whose parents came from countries

with higher female labor force participation ratios or gender equity indexes. Thus,

while the second generation results might imply a linkage between female headship

and son preference, the results are much less robust than for fertility and, moreover,

in this case, there are some results that are inconsistent with this interpretation.

148



3.7 Sex Selection

Our findings for fertility do not suggest son preference overall on the part of natives,

while we do find some evidence for immigrants that having a girl raises future fer-

tility, particularly for immigrants and second generation individuals from countries

where women have a lower status. However, sex selection can serve as another,

perhaps substitute option for exercising son preference, and, nearly a decade ago,

Dahl and Moretti (2008) warned that the United States might see increases in such

behavior due to technological advances in sex selection technology (p. 1087). We

therefore have examined this issue by studying the impact of first child sex on the

sex of the second child among those with at least two children, and the impact of

the sex composition of the first two children on the sex of the third child among

those with at least three children.

Table 13 shows these results. Overall for natives and for immigrants in the

aggregate, there is no evidence of son preference through sex selection. For natives,

the boy/girl ratios are all between 1.034 and 1.058, figures that are within the

normal biological range suggested by Anderson and Ray (2010). What associations

there are between the sex composition of past and future births for natives appear

to be consistent with a biological tendency of future children to be of the same sex

as previous children.27 For example, the second child is slightly less likely to be

male if the first child was a girl than if the first child was a boy, and the difference

is statistically significant for all married women and for all women. Similarly, the

third child is more likely to be male if the first two were boys than if the first

two were girls or were mixed, but the differences across the family types are not

27Some researchers have found such a correlation between the sex composition of previous
births and the sex of future children (Ben-Porath and Welch 1976; Gellatly 2009), although some
find no such pattern (Rodgers and Doughty 2001; Jacobsen, Mller and Mouritsen 1999).
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significant. Thus, at least as of 2008-2013, we find no evidence of sex selection

among natives overall.

Among immigrants, the sex ratio of the second children given a male first

child ranges from 1.045 to 1.054, or right at the normal level. However, the ratio

falls to 1.006 to 1.011 if the first child was a girl. Moreover, the differences in

the sex ratio given a male first birth vs. a female first birth for immigrants are

statistically significant. These results for immigrants, like the ones for natives,

do not suggest sex selection for the second child and are more consistent with a

biological tendency for families with a female first child to have further female

children. For third children, among immigrants, boy/girl sex ratios are lowest

for those with two girls (again consistent with the biological argument), followed

by those with two boys, and are relatively high for those with one boy and one

girl. The differences between ratios for those with two girls vs. two boys are not

significant, while the differences between ratios for those with two girls or two boys

and those with one boy and one girl are significant in three of six cases. However,

the pattern for the third child among immigrants does not suggest sex selection

either for boys or for diversity.

Finally, in light of research highlighting sex selective abortion among those

with Chinese, Korean, or Indian heritage (Almond and Edlund 2008; Abrevaya

2009; Almond, Edlund and Milligan 2013), we also examined sex ratios of second

and third children by nativity and race/ethnic group status (results available upon

request). Similar to Persaud, Kalantry, Citro, and Nandi (2015), we found some

evidence for a demand for diversity among immigrants with Chinese, Korean or

Indian heritage for third children. (There was no evidence of son preference or

diversity for the second child.) Specifically, among married women in this race
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group, the sex ratio on the third child for those with two boys was 0.793, while for

those with two girls, it was 1.168; among those with one boy and one girl, the sex

ratio for third children was 1.070, at the right tail of the normal range. We note

that these results are based on relatively small sample sizes of 320 (two boys), 401

(two girls), and 504 (mix). Possibly because of small sample sizes, only the ratio

for women with two sons was found to be significantly outside the normal range.28

For second children, there was only one case where the sex ratio was significantly

outside the normal range: native women with Asian heritage other than Chinese,

Korean and Indian. For this group, the sex ratio given a female first child was

1.16; however, the ratio for women with a male first child was also relatively high

at 1.11, and these figures were not significantly different from each other. These

high sex ratios are similar to those reported earlier on the first child. We note that

among immigrants from the same countries, sex ratios were 1.07 (first child boy)

and 1.08 (first child girl), respectively, and were not significantly different from

each other or the normal range. Unfortunately, because of small sample sizes, we

were unable to study the sex of the third child for natives with Asian heritage

other than Chinese, Korean and Indian. However, because of the heterogeneity of

this group with respect to source countries and its relatively small size (recall that

this group comprises about 1% of natives), we conclude that there is little evidence

of sex selection among second children.

Overall, our examination of sex selection suggests that it has not become a

feature of natives’ demography or for the population more broadly, and, to the

extent that it exists, it is confined to groups that previous research has found

practice sex-selective abortion. Therefore, the reduction in the size of the effect of

28Results were similar for women in their first marriage and also for all women. We also found
similar results when we defined CKI and Asian non-CKI for immigrants by birthplace rather
than race.
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a first girl on female headship since Dahl and Moretti’s (2008) data were collected

and the reversal of the effect of a first girl on fertility that we found for natives

likely indicate a general weakening of son preference in the United States rather

than a shift to sex selective abortion as an alternative mechanism.

3.8 Conclusions

In this paper, we have used 2008-2013 ACS and 1995-2014 CPS data to generate

new findings on the extent of son preference in the United States. In light of the

large increase in immigration and the changes in immigrant source countries to-

wards countries with a more traditional status for women than in the United States

(Blau, Kahn, and Papps 2011), we introduce a new dimension into this literature

by analyzing natives and immigrants separately. Perhaps most importantly, we

find that, among native women, as well as among the aggregate population (im-

migrants and natives pooled), having a female first child reduces future fertility.

This result stands in sharp contrast to earlier research by Dahl and Moretti (2008)

which found for the 1960-80 period that having a girl led to higher fertility levels

among the aggregate population. As in Dahl and Moretti (2008) who found that

first child girl increased the likelihood of female headship among natives and the

aggregate population over the 1960-2000 period, we continue to find a positive

relationship, although the estimated effects have decreased.

Upon disaggregation by education, we find that, for natives with a high school

degree, having a female first child does raise fertility and also has a strong positive

effect on female headship. Thus, some direct evidence of son preference in fertility

decisions remains for this subgroup, which now comprises a relatively small share
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of the married population in particular. However, for other education groups,

comprising about 83% of married natives, our findings for fertility and headship

are more consistent with the hypothesis that girls are more expensive to raise or

that boys especially benefit from having a father living with them than with the

hypothesis of son preference. Since our data come from a relatively recent period,

one interpretation of our results in the context of Dahl and Moretti’s (2008) findings

for fertility is that, among natives, son preference has declined. Alternatively, some

evidence suggests that women do not share men’s preferences for sons (Newport

2011). Thus, the fertility changes may reflect an increase in women’s bargaining

power in the family, perhaps due to rising female labor force participation and

relative wages. Another possibility is that the expense of raising girls has risen, and

risen sufficiently to offset any son preference in fertility. This may be a plausible

hypothesis given the rising relative education levels of girls.

For immigrants, we find a positive effect of a female first birth on female head-

ship, which is not statistically significant but has the same magnitude to the effect

estimated for natives. In contrast to natives, however, we find that, for immigrants,

having a first child girl significantly raises future fertility, providing more direct

evidence consistent with son preference for fertility for this group. Moreover, such

fertility preferences are stronger for immigrants coming from countries with a lower

status of women and also appear to carry over into the second generation. We also

found some weaker evidence (compared to our fertility results) that the impact of

having a girl on female headship was stronger among first and second generation

immigrants from source countries with a lower status of women. But this evidence

was weak and, thus, in contrast to the fertility results, does not provide strong

support that the relationship between first child girl and headship for immigrants

is tied to son preference.

153



We also studied the issue of sex selection, a perhaps extreme manifestation of

son preference. Overall, despite warnings that sex selection could spread among the

wider population (Dahl and Moretti 2008), we found no evidence of such behavior

for our relatively recent period of analysis (2008-13) outside small subgroups that

had been identified in previous work (e.g., Almond and Edlund 2008), namely

individuals of Chinese, Korean or Asian Indian origin. The findings for sex selection

reinforce our overall conclusion that preference for sons appears to have diminished

among US natives in that sex selection does not provide an alternative mechanism

to account for the disappearance of a positive effect of first child girl on future

fertility.

3.9 Tables
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Table 3.1: Effects of a Female First Child on the Probability of Female Headship
(Linear Probability Models)

Native Immigrant Both
(1) (2) (3)

First Child Girl 0.003** 0.003 0.003**
(0.001) (0.003) (0.001)

N 553,836 112,304 666,140
Dep. Var. Mean 0.293 0.176 0.271

Notes: Sample from the ACS 2008-2013, includes women, ages
18-40, who are the household head or spouse of the household
head, with 1 or more children, where the oldest child is twelve
or younger, all children are born in the US and no children were
adopted, step, or foster children of the household head. Same-
sex couples, respondents living in group quarters, respondents
born abroad to American parents, as well as mothers with mul-
tiple children born in the same year and quarter, are excluded.
The dependent variable is a binary equal to one if the house-
hold is headed by an unmarried female with children under 12
present. Controls include a cubic in mothers’ age as well as dum-
mies for year, region (based on 9 Census categories), mothers’
education (based on ă HS, HS, Some College and College De-
gree), and race (based on White- nonHispanic, Black-nonHispanic,
Hispanic, Asian- nonHispanic, and Other-nonHispanic). Regres-
sions are weighted by normalized household weights that provide
equal weighting for each sample year; robust standard errors are
in parentheses. ***significant at the 1% level; **significant at the
5% level; *significant at the 10% level.
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Table 3.2: Effects of a Female First Child on Fertility)

Total # of Children 2 or more Children 3 or more Children 4 or more Children

Natives Immigrants Both Natives Immigrants Both Natives Immigrants Both Natives Immigrants Both

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Panel A: All Marriages

First Child Girl -0.007** 0.017*** -0.002 -0.005*** 0.002 -0.004** -0.003** 0.008*** -0.001 0.001 0.004*** 0.002**

(0.003) (0.006) (0.003) (0.002) (0.004) (0.002) (0.002) (0.003) (0.001) (0.001) (0.002) (0.001)

N 410,109 93,068 503,177 410,109 93,068 503,177 410,109 93,068 503,177 410,109 93,068 503,177

Dep. Var. Mean 1.866 1.837 1.860 0.631 0.614 0.628 0.185 0.178 0.183 0.03 0.037 0.039

Panel B: First Marriages

First Child Girl -0.007* 0.015** -0.002 -0.005*** 0.001 -0.004** -0.003* 0.007** -0.001 0.001 0.004** 0.002**

(0.004) (0.007) (0.003) (0.002) (0.004) (0.002) (0.002) (0.003) (0.001) (0.001) (0.002) (0.001)

N 339,687 78,335 418,022 339,687 78,335 418,022 339,687 78,335 418,022 339,687 78,335 418,022

Dep. Var. Mean 1.882 1.851 1.875 0.641 0.624 0.637 0.189 0.181 0.188 0.041 0.038 0.040

Panel C: All Marriages, Spouses Same Immigrant Status

First Child Girl -0.009*** 0.020*** -0.004 -0.006*** 0.003 -0.004*** -0.004** 0.010*** -0.001 0.001 0.004** 0.001*

(0.003) (0.007) (0.003) (0.002) (0.004) (0.002) (0.002) (0.003) (0.001) (0.001) (0.002) (0.001)

N 384,162 70,854 455,016 384,162 70,854 455,016 384,162 70,854 455,016 384,162 70,854 455,016

Dep. Var. Mean 1.864 1.859 1.863 0.631 0.626 0.630 0.183 0.185 0.184 0.039 0.040 0.039

Panel D: First Marriages, Spouses Same Immigrant Status

First Child Girl -0.009** 0.017** -0.004 -0.006*** 0.001 -0.005*** -0.004** 0.009** -0.001 0.001 0.004** 0.002**

(0.004) (0.008) (0.003) (0.002) (0.004) (0.002) (0.002) (0.004) (0.002) (0.001) (0.002) (0.001)

N 318,326 60,864 379,190 318,326 60,864 379,190 318,326 60,864 379,190 318,326 60,864 379,190

Dep. Var. Mean 1.880 1.867 1.877 0.641 0.632 0.639 0.188 0.187 0.188 0.040 0.040 0.040

Notes: Sample from the ACS 2008-2013, includes women, ages 18-40, who are married and who are the household head or spouse of the household
head, with 1 or more children, where the oldest child is twelve or younger, all children are born in the US and no children were adopted, step, or
foster children of the household head. Same-sex couples, respondents living in group quarters, respondents born abroad to American parents, as
well as mothers with multiple children born in the same year and quarter, are excluded. Controls include a cubic in both parents’ ages as well
as dummies for year, region (based on 9 Census categories), both parents’ education (based on ă HS, HS, Some College and College Degree),
and race (based on White-nonHispanic, Black-nonHispanic, Hispanic, Asian-nonHispanic, and Other-nonHispanic). Regressions are weighted
by normalized household weights that provide equal weighting for each sample year; robust standard errors are in parentheses . ***significant
at the 1% level; **significant at the 5% level; *significant at the 10% level.
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Table 3.3: Effects of a Female First Child on the Probability of Female Headship by Education Level (Linear Probability
Models)

Less than high school High School Some College College +

Natives Immigrants Both Natives Immigrants Both Natives Immigrants Both Natives Immigrants Both

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

First Child Girl 0.002 0.014** 0.005 0.007** 0.008 0.008** 0.002 -0.009 0.001 0.002 -0.001 0.002

(0.006) (0.007) (0.005) (0.004) (0.007) (0.003) (0.003) (0.006) (0.002) (0.002) (0.003) (0.002)

N 31,338 24,039 55,377 104,369 22,419 126,788 204,544 24,837 229,381 213,585 41,009 254,594

Dep. Var. Mean 0.566 0.242 0.418 0.411 0.219 0.372 0.353 0.215 0.337 0.111 0.074 0.104

Notes: Sample from the ACS 2008-2013, includes women, ages 18-40, who are the household head or spouse of the household head, with 1
or more children, where the oldest child is twelve or younger, all children are born in the US and no children were adopted, step, or foster
children of the household head. Same-sex couples, respondents living in group quarters, respondents born abroad to American parents, as well
as mothers with multiple children born in the same year and quarter, are excluded. The dependent variable is a binary equal to one if the
household is headed by an unmarried female with children under 12 present. Controls include a cubic in mothers’ age as well as dummies
for year, region (based on 9 Census categories) and race (based on White-nonHispanic, Black-nonHispanic, Hispanic, Asian-nonHispanic, and
Other-nonHispanic). Regressions are weighted by normalized household weights that provide equal weighting for each sample year; robust
standard errors are in parentheses . ***significant at the 1% level; **significant at the 5% level; *significant at the 10% level.
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Table 3.4: Effects of a Female First Child on Fertility by Education Group

Less than high school High School Some College College +

Natives Immigrants Both Natives Immigrants Both Natives Immigrants Both Natives Immigrants Both

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

First Child Girl -0.014 0.002 -0.007 0.020** 0.037** 0.025*** -0.004 0.016 -0.001 -0.020*** 0.014 -0.014***

(0.021) (0.016) (0.013) (0.009) (0.015) (0.008) (0.006) (0.014) (0.005) (0.004) (0.008) (0.004)

N 14,306 18,205 32,511 64,550 17,482 82,032 139,058 19,481 158,539 192,195 37,900 230,095

Dep. Var. Mean 2.182 2.127 2.149 1.902 1.902 1.902 1.866 1.807 1.858 1.825 1.644 1.792

Notes: Sample from the ACS 2008-2013, includes women, ages 18-40, who are married and who are the household head or spouse of the
household head, with 1 or more children, where the oldest child is twelve or younger, all children are born in the US and no children were
adopted, step, or foster children of the household head. Same-sex couples, respondents living in group quarters, respondents born abroad to
American parents, as well as mothers with multiple children born in the same year and quarter, are excluded. Controls include a cubic in both
parents’ ages as well as dummies for year, region (based on 9 Census categories) and race (based on White-nonHispanic, Black-nonHispanic,
Hispanic, Asian-nonHispanic, and Other-nonHispanic). Regressions are weighted by normalized household weights that provide equal weighting
for each sample year; robust standard errors are in parentheses . ***significant at the 1% level; **significant at the 5% level; *significant at the
10% level.
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Table 3.5: Effects of a Female First Child on the Probability of Female Headship
by Race/Ethnicity (Linear Probability Models)

Native Immigrant
(1) (2)

Main Effects
First Child Girl 0.004** 0.008

(0.002) (0.006)
Black 0.414*** 0.215***

(0.003) (0.010)
Hispanic 0.099*** 0.128***

(0.004) (0.005)
Asian (excl. CKI) 0.022** 0.020***

(0.009) (0.006)
Other 0.146*** 0.016

(0.009) (0.017)
CKI -0.036*** -0.031***

(0.009) (0.005)
Interactions
Girl*Black -0.002 -0.009

(0.005) (0.014)
Girl*Hispanic -0.003 -0.005

(0.005) (0.007)
Girl*Asian (excl. CKI) 0.008 -0.016*

(0.013) (0.009)
Girl*Other -0.006 0.069***

(0.014) (0.026)
Girl*CKI -0.020* -0.006

(0.012) (0.007)
N 553,836 112,304
Dep. Var. Mean 0.293 0.176

Notes: Sample from the ACS 2008-2013, in-
cludes women, ages 18-40, who are the house-
hold head or spouse of the household head,
with 1 or more children, where the oldest child
is twelve or younger, all children are born in
the US and no children were adopted, step, or
foster children of the household head. Same-
sex couples, respondents living in group quar-
ters, respondents born abroad to American
parents, as well as mothers with multiple chil-
dren born in the same year and quarter, are
excluded. The dependent variable is a binary
equal to one if the household is headed by
an unmarried female with children under 12
present. Controls include a cubic in mothers’
age as well as dummies for year, region (based
on 9 Census categories) and mothers’ educa-
tion (based on ¡ HS, HS, Some College and
College Degree). Regressions are weighted
by normalized household weights that provide
equal weighting for each sample year; robust
standard errors are in parentheses . ***signif-
icant at the 1% level; **significant at the 5%
level; *significant at the 10% level.159



Table 3.6: Effects of a Female First Child on Fertility by Race/Ethnicity

Native Immigrant
(1) (2)

Main Effects

First Child Girl -0.013*** 0.026*
(0.003) (0.016)

Black 0.026** 0.098***
(0.011) (0.024)

Hispanic 0.034*** 0.080***
(0.009) (0.013)

Asian (excl. CKI) -0.051** -0.049***
(0.020) (0.016)

Other 0.048** 0.035
(0.022) (0.054)

CKI -0.178*** -0.144***
(0.025) (0.013)

Interactions

Girl*Black 0.026 0.019
(0.017) (0.036)

Girl*Hispanic 0.040*** -0.016
(0.013) (0.019)

Girl*Asian (excl. CKI) 0.025 -0.014
(0.030) (0.024)

Girl*Other 0.038 -0.090
(0.032) (0.072)

Girl*CKI 0.038 -0.090
(0.032) (0.072)

Notes: Sample from the ACS 2008-2013, in-
cludes women, ages 18-40, who are the house-
hold head or spouse of the household head,
with 1 or more children, where the oldest child
is twelve or younger, all children are born in
the US and no children were adopted, step, or
foster children of the household head. Same-
sex couples, respondents living in group quar-
ters, respondents born abroad to American
parents, as well as mothers with multiple chil-
dren born in the same year and quarter, are
excluded. The dependent variable is a binary
equal to one if the household is headed by
an unmarried female with children under 12
present. Controls include a cubic in mothers’
age as well as dummies for year, region (based
on 9 Census categories) and mothers’ educa-
tion (based on ¡ HS, HS, Some College and
College Degree). Regressions are weighted
by normalized household weights that provide
equal weighting for each sample year; robust
standard errors are in parentheses . ***signif-
icant at the 1% level; **significant at the 5%
level; *significant at the 10% level.
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Table 3.7: Effects of Source Country Characteristics on Fertility, Foreign Born
Sample

All Couples Spouse Same Birthplace

(1) (2) (3) (4) (5) (6)

Main Effects

Total Fertility 0.097*** 0.100*** 0.102*** 0.102*** 0.117*** 0.117***

(0.024) (0.025) (0.028) (0.025) (0.029) (0.031)

Log of GDP 0.113*** 0.094*** 0.096*** 0.130*** 0.120*** 0.120***

(0.026) (0.022) (0.025) (0.035) (0.029) (0.031)

Labor Force Part. — -0.050 -0.045 — -0.003 0.003

(0.089) (0.087) (0.112) (0.107)

Sex Ratio at Birth — — -0.066 — — -0.306

(0.557) (0.657)

Equity Index -0.458* — — -0.459 — —

(0.232) (0.293)

First Child Girl 0.193* 0.060** -0.367** 0.222* 0.050 -0.548**

(0.100) (0.024) (0.145) (0.121) (0.030) (0.228)

Interactions

Girl*Labor Force Part. — -0.075* -0.082** — -0.059 -0.071

(0.043) (0.040) (0.059) (0.052)

Girl*Sex Ratio at Birth — — 0.403*** — — 0.564**

(0.143) (0.223)

Girl*Equity Index -0.270* — — -0.322* — —

(0.156) (0.190)

N 85,601 91,416 91,416 55,113 58,329 58,329

Dep. Var. Mean 1.836 1.836 1.836 1.873 1.873 1.873

Notes: Sample from the ACS 2008-2013, includes women, ages 18-40, who are married and
who are the household head or spouse of the household head, with 1 or more children,
where the oldest child is twelve or younger, all children are born in the US and no children
were adopted, step, or foster children of the household head. Same-sex couples, respon-
dents living in group quarters, respondents born abroad to American parents, as well as
mothers with multiple children born in the same year and quarter, are excluded. Controls
include a cubic in both parents’ ages as well as dummies for year, region (based on 9 Census
categories), both parents’ education (based on ¡ HS, HS, Some College and College De-
gree), race (based on White-nonHispanic, Black-nonHispanic, Hispanic, Asian-nonHispanic,
and Other-nonHispanic) and controls for years since migration and years since migration
squared. Columns (1), (2), and (3) additionally include a binary variable for spouse immi-
grant. Country characteristics are based on 2000-2007 averages, with the exception of the
gender equity index which is a 2006-2007 average. Regressions are weighted by normalized
household weights that provide equal weighting for each sample year; robust standard errors
are in parentheses . ***significant at the 1% level; **significant at the 5% level; *significant
at the 10% level .
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Table 3.8: Effects of Female First Child on Fertility by Immigrant Generation

Total # of 2 or more 3 or more 4 or more

Children Children Children Children

(1) (2) (3) (4)

Panel A:

3rd+ Generation (Respondent and Both Parents Born in the US)

First Child Girl -0.019*** -0.011*** -0.007*** -0.001

(0.006) (0.003) (0.003) (0.001)

N 117,448 117,448 117,448 117,448

Dep. Var. Mean 1.892 0.649 0.193 0.041

Panel B:

1st Generation (Respondent Foreign Born)

First Child Girl 0.041*** 0.013* 0.020*** 0.007***

(0.011) (0.007) (0.005) (0.003)

N 25,645 25,645 25,645 25,645

Dep. Var. Mean 1.842 0.610 0.186 0.039

Panel C:

2nd Generation (At Least One Parent Foreign Born)

(i) All

First Child Girl 0.028 0.006 0.018** 0.004

(0.018) (0.010) (0.008) (0.004)

N 10,954 10,954 10,954 10,954

Dep. Var. Mean 1.885 0.636 0.196 0.041

(ii) Both Parents Foreign Born

First Child Girl 0.054** 0.018 0.028** 0.006

(0.024) (0.014) (0.011) (0.005)

N 5,658 5,658 5,658 5,658

Dep. Var. Mean 1.878 0.634 0.194 0.040

(iii) Mother Only Foreign Born

First Child Girl -0.009 -0.015 0.014 0.002

(0.036) (0.021) (0.017) (0.008)

N 2,769 2,769 2,769 2,769

Dep. Var. Mean 1.882 0.636 0.194 0.039

(iv) Father Only Foreign Born

First Child Girl 0.016 0.003 0.007 0.004

(0.039) (0.022) (0.017) (0.009)

N 2,527 2,527 2,527 2,527

Dep. Var. Mean 1.903 0.643 0.202 0.045

Notes: Sample from March CPS 1995-2014, includes women, ages 18-
40, who are married and who are the household head or spouse of the
household head, with 1 or more children, where the oldest child is twelve
or younger, all children are born in the US and no children were foster
children of the household head. Same-sex couples, respondents living in
group quarters, respondents born abroad to American parents, as well as
mothers with multiple children born in the same year are excluded. Con-
trols include a cubic in both parents’ ages as well as dummies for year,
region (based on 9 Census categories), both parents’ education (based
on ¡ HS, HS, Some College and College Degree), and race (based on
White-nonHispanic, Black-nonHispanic, Hispanic, Asian-nonHispanic,
and Other-nonHispanic). Regressions are weighted by normalized house-
hold weights that provide equal weighting for each sample year; robust
standard errors are in parentheses. ***significant at the 1% level; **sig-
nificant at the 5% level; *significant at the 10% level.
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Table 3.9: Effects of Source Country Characteristics on Fertility, Second Genera-
tion Sample

Either Parent Immigrant Both Parents Immigrants

(1) (2) (3) (4) (5) (6)

Main Effects

Total Fertility 0.100** 0.094** 0.080* 0.061 0.050 0.025

(0.041) (0.041) (0.046) (0.046) (0.048) (0.054)

Log of GDP per capita 0.050 0.036 0.023 -0.002 -0.015 -0.038

(0.036) (0.032) (0.037) (0.045) (0.036) (0.041)

LF Part. Ratio (F/M) — 0.245 0.251 — 0.097 0.102

(0.165) (0.167) (0.246) (0.255)

Sex Ratio at Birth — — -1.448* — — -2.048**

(0.850) (0.931)

Equity Index 0.535 — — 0.030 — —

(0.342) (0.607)

First Child Girl 0.736** 0.219** -0.063 0.780 0.253* 0.181

(0.294) (0.090) (0.741) (0.495) (0.131) (0.851)

Interactions

Girl*LF Part. Ratio — -0.300* -0.310* — -0.340 -0.360

(0.159) (0.168) (0.228) (0.248)

Girl*Sex Ratio at Birth — — 0.270 — — 0.079

(0.752) (0.899)

Girl*Equity Index -1.041** — — -1.084 — —

(0.435) (0.747)

N 9,047 10,055 10,055 4,658 5,388 5,388

Dep. Var. Mean 1.862 1.862 1.862 1.878 1.878 1.878

Notes: Sample from the CPS 1995-2014, includes women, ages 18-40, who are
married and who are the household head or spouse of the household head,
with 1 or more children, where the oldest child is twelve or younger, all chil-
dren are born in the US and no children were foster children of the household
head. Same-sex couples, respondents living in group quarters, respondents
born abroad to American parents, as well as mothers with multiple children
born in the same year, are excluded. Controls include a cubic in both par-
ents’ ages as well as dummies for year, region (based on 9 Census categories),
and both parents’ education (based on ¡ HS, HS, Some College and College
Degree) and race (based on White-nonHispanic, Black-nonHispanic, Hispanic,
Asian-nonHispanic. Country characteristics in Columns (1)-(3) are based on
the woman’s mother’s birthplace (if immigrant) and the woman’s father’s birth-
place otherwise. Country characteristics in Columns (4)-(6) are based on the
woman’s mother’s birthplace. Country characteristics are 2000-2007 averages,
with the exception of the gender equity index which is a 2006-2007 average.
Regressions are weighted by normalized household weights that provide equal
weighting for each sample year; robust standard errors are in parentheses .
***significant at the 1% level; **significant at the 5% level; *significant at the
10% level .
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Table 3.10: Effects of Source Country Characteristics on the Probability of Female
Headship, Foreign Born Sample (Linear Probability Models)

(1) (2) (3)

Main Effects

Total Fertility -0.005 -0.003 -0.007
(0.007) (0.009) (0.008)

Log of GDP Per Capita -0.013*** 0.003 0.001
(0.005) (0.011) (0.012)

LF Part. Ratio (F/M) 0.081** 0.075**
(0.031) (0.030)

Sex Ratio at Birth — — -0.462**
(0.209)

Equity Index 0.514*** — —
(0.080)

First Child Girl 0.045 0.005 0.041
(0.029) (0.008) (0.059)

Interactions

Girl*LF Part. Ratio. -0.003 -0.003
(0.014) (0.014)

Girl*Sex Ratio at Birth — — -0.034
(0.055)

Girl*Equity Index -0.064 — —
(0.045)

N 102,255 110,040 110,040
Dep. Var. Mean 0.176 0.176 0.176

Notes: Notes: Sample from the ACS 2008-2013, includes women,
ages 18-40, who are the household head or spouse of the household
head, with 1 or more children, where the oldest child is twelve or
younger, all children are born in the US and no children were
adopted, step, or foster children of the household head. Same-
sex couples, respondents living in group quarters, respondents
born abroad to American parents, as well as mothers with mul-
tiple children born in the same year and quarter, are excluded.
Controls include a cubic in mothers’ age as well as dummies
for year, region (based on 9 Census categories), mothers’ edu-
cation (based on ¡ HS, HS, Some College and College Degree),
race (based on White-nonHispanic, Black-nonHispanic, Hispanic,
Asian-nonHispanic, and Other-nonHispanic) and years since mi-
gration and years since migration squared. Country characteris-
tics are 2000-2007 averages, with the exception of the gender eq-
uity index which is a 2006-2007 average. Regressions are weighted
by normalized household weights that provide equal weighting
for each sample year; robust standard errors are in parentheses.
***significant at the 1% level; **significant at the 5% level; *sig-
nificant at the 10% level.
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Table 3.11: Effects of Female First Child on the Probability of Female Headship,
Second Generation Sample (Linear Probability Models)

Panel A:
3rd+ Generation (Respondent and Both Parents Born in the US)
First Child Girl 0.004*

(0.002)
N 155,656
Dep. Var. Mean 0.239

Panel B:
1st Generation (Respondent Foreign Born)
First Child Girl 0.006

(0.005)
N 31,100
Dep. Var. Mean 0.162

Panel C:
2nd Generation (At Least One Parent Foreign Born)
(i) All -0.012

(0.008)
N 14,711
Dep. Var. Mean 0.245
(ii) Both Parents Foreign Born -0.014

(0.011)
N 7,717
Dep. Var. Mean 0.255
(iii) Mother Only Foreign Born -0.027*

(0.016)
N 3,474
Dep. Var. Mean 0.195
(iv) Father Only Foreign Born 0.002

(0.016)
N 3,520
Dep. Var. Mean 0.274

Notes: Notes: Sample from March CPS 1995-2014, includes
women, ages 18-40, who are the household head or spouse of
the household head, with 1 or more children, where the oldest
child is twelve or younger, all children are born in the US and
no children were foster children of the household head. Same-sex
couples, respondents living in group quarters, respondents born
abroad to American parents, as well as mothers with multiple
children born in the same year are excluded. Controls include a
cubic in mothers’ age as well as dummies for year, region (based
on 9 Census categories), mothers’ education (based on ¡ HS, HS,
Some College and College Degree), and race (based on White-
nonHispanic, Black-nonHispanic, Hispanic, Asian-nonHispanic,
and Other-nonHispanic). Regressions are weighted by normalized
household weights that provide equal weighting for each sample
year; robust standard errors are in parentheses . ***significant at
the 1% level; **significant at the 5% level; *significant at the 10%
level .

165



Table 3.12: Effects of Source Country Characteristics on the Probability of Female
Headship, Second Generation Sample (Linear Probability Models)

At Least One Parent Foreign Born Both Parents Foreign Born

(1) (2) (3) (4) (5) (6)

Main Effects

Total Fertility -0.003 0.012 0.006 -0.008 0.007 0.002

(0.013) (0.013) (0.014) (0.017) (0.015) (0.016)

Log of GDP per capita -0.014* 0.010 0.007 -0.019* 0.013 0.010

(0.007) (0.011) (0.012) (0.010) (0.009) (0.010)

LF Part. Ratio (F/M) — 0.157*** 0.170*** — 0.165** 0.183**

(0.049) (0.047) (0.071) (0.072)

Sex Ratio at Birth — — -1.247*** — — -0.978**

(0.344) (0.393)

Equity Index 0.289** — — 0.276 — —

(0.141) (0.168)

First Child Girl -0.203 -0.046 -0.846*** -0.450** -0.110* -0.916**

(0.146) (0.048) (0.268) (0.200) (0.055) (0.366)

Interactions

Girl*LF Part. Ratio — 0.063 0.048 — 0.167* 0.140

(0.075) (0.075) (0.088) (0.088)

Girl*Sex Ratio at Birth — — 0.761*** — — 0.774**

(0.261) (0.350)

Girl*Equity Index 0.287 — — 0.662** — —

(0.287) (0.293)

N 11,732 13,540 13,540 6,054 7,360 7,360

Dep. Var. Mean 0.245 0.245 0.245 0.251 0.251 0.251

Notes: Sample from the CPS 1995-2014, includes women, ages 18-40, who are
the household head or spouse of the household head, with 1 or more children,
where the oldest child is twelve or younger, all children are born in the US
and no children were foster children of the household head. Same-sex couples,
respondents living in group quarters, respondents born abroad to American
parents, as well as mothers with multiple children born in the same year, are
excluded. Controls include a cubic in mothers’ ages as well as dummies for year,
region (based on 9 Census categories), and mothers’ education (based on ¡ HS,
HS, Some College and College Degree) and race (based on White-nonHispanic,
Black-nonHispanic, Hispanic, Asian-nonHispanic. The country characteristics
in Columns (1)-(3) are based on the woman’s mother’s birthplace (if immigrant)
and the woman’s father’s birthplace otherwise. The country characteristics in
Columns (4)-(6) country characteristics are based on the woman’s mother’s
birthplace. Country characteristics are 2000-2007 averages, with the excep-
tion of the gender equity index which is a 2006-2007 average. Regressions are
weighted by normalized household weights that provide equal weighting for
each sample year; robust standard errors are in parentheses . ***significant at
the 1% level; **significant at the 5% level; *significant at the 10% level .
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Table 3.13: Boy/Girl Ratio, Second and Third Children

All Married Women Women in First Marriage All Women

Natives Immigrants Natives Immigrants Natives Immigrants

(1) (2) (3) (4) (5) (6)

A. Second Child

First Child Boy

Sex Ratio 1.058 1.053 1.045 1.045 1.055 1.054

95% Conf. Int. [1.046,1.069] [1.029,1.078] [1.019,1.071] [1.019,1.071] [1.045,1.065] [1.032,1.076]

Sample Size 134,779 29,180 113,481 25,022 170,735 34,337

First Child Girl

Sex Ratio 1.044 1.006 1.052 1.007 1.038 1.011

95% Conf. Int. [1.033,1.056] [0.982,1.029] [1.039,1.065] [0.981,1.033] [1.028,1.048] [0.989,1.032]

Sample Size 126,596 27,841 106,515 23,827 161,057 32,903

B. Third Child

First Two Children Boys

Sex Ratio 1.052 1.016 1.048 1.051 1.053 1.025

95% Conf. Int. [1.024,1.080] [0.955,1.077] [1.018,1.078] [0.983,1.118] [1.028,1.077] [0.970,1.081]

Sample Size 22,130 4,324 18,851 3,700 28,346 5,503

First Two Children Girls

Sex Ratio 1.039 0.983 1.045 0.993 1.034 0.975

95% Conf. Int. [1.010,1.068] [0.924,1.041] [1.014,1.077] [0.929,1.057] [1.009,1.060] [0.922,1.028]

Sample Size 19,564 4,370 16,666 3,743 25,349 5,482

First Two Children Mix

Sex Ratio 1.039 1.087 1.047 1.104 1.046 1.055

95% Conf. Int. [1.017,1.061] [1.036,1.137] [1.023,1.071] [1.049,1.159] [1.026,1.065] [1.011,1.100]

Sample Size 34,401 5,203 29,320 5,199 44,889 8,729

Notes: Sample from the ACS 2008-2013, includes women, ages 18-40, with 2 or more children (Panel A) or 3 or
more children (Panel B), where the oldest child is twelve or younger, all children are born in the US and no children
were adopted, step, or foster children of the household head. Same-sex couples, respondents living in group quarters,
respondents born abroad to American parents, as well as mothers with multiple children born in the same year and
quarter, are excluded. Means are weighted by normalized household weights that provide equal weighting for each
sample year; 95% confidence intervals are in parentheses. Confidence intervals are based on the standard errors of the
percentage of second (Panel A) or third (Panel B) children who are boys.
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APPENDIX A

CHAPTER 1 APPENDIX: OCCUPATION GENDER

SEGREGATION: EMPIRICAL EVIDENCE FROM A MATCHING

MODEL WITH TRANSFERS

A.0.1 List of occupation Codes

Note that not all component occupations exist in all years of data.

Adjusters and Investigators

Administrative Support

Agriculture, Forestry and Fishing

Cleaning and Building Service

Construction and Extraction

Engineers, Architects, and Surveyors

Executive, Administrative, and Managerial

Financial Records Processing

Food Preparation and Service

Health Assessment and Treating and Therapists

Health Diagnosing

Health Service
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Health Technologists and Technicians

Machine operators, Fabricators, Assemblers, Testers

Mail and Material Distribution

Management Related

Material Moving, Laborers

Math, Computer, and Natural Science

Mechanics and Repairers

Metal, Wood, Plastic, Print, Textile

Miscellaneous Administrative Support

Precision Production

Private Household and Personal Services

Protective Service

Records Processing

Road, Rail and Water Transportation

Sales Representatives, Finance and Business Services

Sales Workers, Retail and Personal Services

Social Scientists, Lawyers, Judges

Social, Recreation, and Religious Workers
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Teachers, Except Postsecondary

Teachers, Postsecondary

Technicians except health

Writers, Artists, Entertainers, and Athletes

A.0.2 Joint Likelihood Tobit Type 5

y˚1j “
ĞWTP

F
o ´ W̄

F
o ´ ξ

F
j ´ p

ĞWTP
M
o ´ W̄

M
o ´ ξMj q

y˚2j “ W̄ F
o ` ξ̄

F
j

y˚3j “ W̄M
o ` ξ̄Mj

y2j “ y˚2j if y˚1j ą 0

y2j “ 0 if y˚1j ď 0

y3j “ y˚3j if y˚1j ď 0

y3j “ 0 if y˚1j ą 0
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Let f1,3 be the joint density of y˚1j and y˚3j, and likewise f1,2.

L “
ź

F

ż 0

´8

f1,3py
˚
1j, y3jqdy

˚
1j

ź

M

ż 8

0

f1,2py
˚
1j, y2jqdy

˚
1j

“
ź

j

Prpy˚1j ď 0, y3jq
Ipy3jq ˚ Prpy˚1j ą 0, y2jq

Ipy2jq

“
ź

j

pPrpy˚1j ď 0|y3jq ˚ Prpy3jqq
Ipy3jq ˚ pPrpy˚1j ą 0|y2jq ˚ Prpy2jqq

Ipy2jq

“
ź

j

pF1p0|y3jq ˚ f3py3jqq
Ipy3jq ˚ pF´1p0|y2jq ˚ f2py2jqq

Ipy2jq

Where F1 is the cdf of y˚1j, F´1 the cdf of ´y˚1j, f3 is the pdf of y˚3j, and f2 the

pdf of y˚2j.

y2j “ y3j “ 0 if ĞWTP
M
o ´ W̄

M
o ´ ξ̄Mj ă 0

and ĞWTP
F
o ´ W̄

F
o ´ ξ̄

F
j ă 0

171



A.0.3 Lifetime Income Estimation

Comparison of Lifetime Income Estimates to PSID
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Histogram of lifetime income: PSID ages 25-55
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A.0.4 More Model Results

Model Job Parameter Estimates by Year
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Table A.1: Model Parameters in Year 1960, 34 occupations

Parameter
Cell WTPM

O WTP F
O uMO uFO WM

O W F
O

Teachers, Postsecondary 1.2172 0.7596 -4.4661 -4.7676 0.6044 -0.0037
Teachers, Except Postsecondary 1.0120 0.5831 -3.3220 -2.3175 0.6391 -0.3278
Social Scientists, Lawyers, Judg 1.1729 0.4690 -4.6958 -4.4071 0.3193 -0.2285
Social, Recreation, and Religiou 0.8824 0.4863 -4.3327 -4.8226 0.1994 -0.2268
Writers, Artists, Entertainers, 1.0303 0.5511 -3.8738 -5.0703 0.3755 -0.3118
Health Technologists and Technic 0.9396 0.3388 -5.1452 -4.3801 0.5089 -0.5843
Technicians except health 1.1164 0.4534 -2.9334 -4.4064 0.4432 -0.0877
Sales Representatives, Finance a 1.0251 0.3942 -3.4389 -4.3574 0.2443 -0.4652
Sales Workers, Retail and Person 1.0403 0.3506 -3.0461 -3.6052 0.2672 -0.6304
Administrative Support 0.9958 0.4188 -4.7503 -2.8073 0.6827 -0.4682
Records Processing Occupations, 0.9326 0.3738 -5.8100 -5.3070 0.7269 -0.2652
Financial Records Processing Occ 0.7146 0.3930 -6.2295 -3.6937 0.6474 -0.5516
Mail and Material Distribution 0.9261 0.3033 -3.0598 -4.8226 0.1383 -0.1591
Adjusters and Investigators 1.0260 0.3332 -4.8676 -4.2014 0.4616 -0.4004
Miscellaneous Administrative Sup 0.9045 0.2979 -5.4303 -4.2649 0.5581 -0.4877
Protective Service 0.9635 0.4742 -3.0175 -5.3784 0.1320 -0.2374
Food Preparation and Service Occ 0.7247 0.2850 -3.3989 -3.8144 -0.0790 -0.7870
Health Service Occupations 0.7890 0.2686 -4.9345 -3.2490 0.3408 -0.8057
Cleaning and Building Service Oc 0.8820 0.4148 -3.6455 -4.8723 -0.0454 -0.5735
Private Household and Personal S 0.7351 0.1578 -4.5539 -3.6180 0.0810 -1.1327
Agriculture, Forestry and Fishin 0.7238 0.0253 -3.0179 -5.4079 -0.6743 -1.1074
Mechanics and Repairers 1.0543 0.2546 -2.2921 -7.5489 -0.0515 0.1925
Construction and Extraction 0.9734 -0.1515 -2.5577 -9.7735 -0.1102 0.2706
Precision Production Occupations 0.9952 0.3811 -3.1632 -4.6940 0.2647 -0.4447
Metal, Wood, Plastic, Print, Tex 0.8522 0.1388 -3.8371 -5.2715 0.0894 -0.5540
Machine Operators, Fabricators, 1.0357 0.4154 -2.6545 -4.6327 0.0870 -0.2509
Road, Rail and Water Transportat 0.9883 0.1545 -2.3414 -5.8261 -0.0411 -0.3337
Material Moving, Laborers 0.9102 0.2057 -2.9407 -5.4989 -0.0988 -0.2205
Executive, Administrative, and M 1.2354 0.6225 -1.9349 -3.1201 0.2802 -0.4078
Management Related Occupations 1.1097 0.5735 -3.0822 -3.6301 0.4862 -0.1172
Engineers, Architects, and Surve 1.2312 0.5395 -2.9725 -6.0636 0.4938 0.4299
Math, Computer, and Natural Scie 1.1632 0.6152 -3.0649 -4.4403 0.5061 0.1337
Health Diagnosing Occupations 1.3804 0.6985 -4.3890 -5.6472 0.4494 0.2921
Health Assessment and Treating a 1.0311 0.4883 -5.6106 -2.7835 0.7352 -0.6271
Sample Size 1074937.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: πG
O , uGO, WG

O are in millions of dollars.
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Table A.2: Model Parameters in Year 1970, 34 occupations

Parameter
Cell WTPM

O WTP F
O uMO uFO WM

O W F
O

Teachers, Postsecondary 1.0378 0.5806 -4.3816 -4.7108 0.5620 0.0037
Teachers, Except Postsecondary 1.0738 0.6862 -3.2114 -2.2257 0.7170 -0.1801
Social Scientists, Lawyers, Judg 1.0390 0.5392 -4.6455 -4.3220 0.5998 -0.0712
Social, Recreation, and Religiou 0.8302 0.5640 -4.3208 -4.7094 0.4046 -0.0132
Writers, Artists, Entertainers, 1.0148 0.5079 -3.8433 -5.0638 0.4387 -0.0738
Health Technologists and Technic 1.0415 0.5729 -5.1530 -4.3025 0.6979 -0.2070
Technicians except health 1.0795 0.6269 -2.8440 -4.3821 0.5592 0.1473
Sales Representatives, Finance a 1.0975 0.4910 -3.3800 -4.2919 0.5534 -0.1876
Sales Workers, Retail and Person 1.0291 0.3462 -3.0390 -3.5168 0.5253 -0.5072
Administrative Support 0.9147 0.5382 -4.7109 -2.7612 0.7350 -0.3625
Records Processing Occupations, 0.9238 0.4458 -5.9421 -5.1967 0.7305 -0.1696
Financial Records Processing Occ 0.9110 0.4700 -6.0692 -3.6569 0.8013 -0.4110
Mail and Material Distribution 1.0148 0.4742 -3.0451 -4.8024 0.2984 0.0073
Adjusters and Investigators 0.8593 0.4754 -4.7949 -4.1550 0.6199 -0.1897
Miscellaneous Administrative Sup 0.7916 0.3793 -5.5877 -4.1986 0.7148 -0.3937
Protective Service 0.9883 0.4068 -2.9930 -5.3838 0.4008 -0.1430
Food Preparation and Service Occ 0.8050 0.3274 -3.3697 -3.7957 0.1627 -0.6346
Health Service Occupations 0.7902 0.3312 -5.0258 -3.1907 0.5209 -0.6647
Cleaning and Building Service Oc 0.8716 0.4615 -3.6814 -4.8315 0.2176 -0.4393
Private Household and Personal S 0.8537 0.2601 -4.5727 -3.5939 0.3931 -0.8036
Agriculture, Forestry and Fishin 0.7805 0.1721 -3.1387 -5.4128 -0.1527 -0.6795
Mechanics and Repairers 1.0447 0.1959 -2.3051 -7.3916 0.2366 0.1250
Construction and Extraction 0.9535 -0.1715 -2.5474 -10.5486 0.2043 0.4063
Precision Production Occupations 0.9509 0.3478 -3.1487 -4.6005 0.4288 -0.2615
Metal, Wood, Plastic, Print, Tex 0.9528 0.1959 -3.7276 -5.1083 0.3202 -0.3262
Machine Operators, Fabricators, 0.8873 0.4155 -2.6837 -4.6337 0.2814 -0.2010
Road, Rail and Water Transportat 0.9628 0.1556 -2.3755 -5.8390 0.2066 -0.2036
Material Moving, Laborers 0.9768 0.3139 -2.9740 -5.5051 0.1697 -0.0983
Executive, Administrative, and M 1.1679 0.6119 -1.8793 -3.0921 0.5243 -0.0186
Management Related Occupations 1.0686 0.6239 -3.0727 -3.5556 0.6577 0.0091
Engineers, Architects, and Surve 1.1703 0.7949 -2.9268 -5.9790 0.6045 0.6233
Math, Computer, and Natural Scie 1.1212 0.7256 -3.0163 -4.4516 0.6271 0.2808
Health Diagnosing Occupations 1.2746 0.9399 -4.3047 -5.6772 0.6073 0.6194
Health Assessment and Treating a 1.1237 0.6543 -5.5567 -2.7386 0.9853 -0.2961
Sample Size 240966.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: πG
O , uGO, WG

O are in millions of dollars.
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Table A.3: Model Parameters in Year 1980, 34 occupations

Parameter
Cell WTPM

O WTP F
O uMO uFO WM

O W F
O

Teachers, Postsecondary 1.3748 0.8128 -4.4102 -4.6516 0.7356 0.1508
Teachers, Except Postsecondary 1.4623 0.9805 -3.2654 -2.1377 0.7480 -0.0776
Social Scientists, Lawyers, Judg 1.6884 0.8566 -4.5918 -4.1591 1.0246 0.0235
Social, Recreation, and Religiou 1.4461 0.6149 -4.3058 -4.7094 0.4645 0.0230
Writers, Artists, Entertainers, 1.3309 0.6392 -3.9303 -4.9613 0.6073 -0.0017
Health Technologists and Technic 1.5014 0.8087 -4.9844 -4.1469 0.7346 -0.1354
Technicians except health 1.4403 0.8664 -2.8511 -4.2699 0.6475 0.1214
Sales Representatives, Finance a 1.5355 0.6205 -3.3657 -4.1246 0.6485 -0.0213
Sales Workers, Retail and Person 1.4253 0.6057 -3.0255 -3.4817 0.6055 -0.2862
Administrative Support 1.1677 0.7664 -4.6899 -2.6380 0.8627 -0.2706
Records Processing Occupations, 0.9697 0.5726 -5.8679 -5.1914 0.6367 -0.1459
Financial Records Processing Occ 1.2462 0.6748 -6.2362 -3.5644 0.8515 -0.2816
Mail and Material Distribution 1.2029 0.7953 -3.0563 -4.6795 0.3832 0.0877
Adjusters and Investigators 1.1869 0.6818 -4.8040 -4.0445 0.6702 -0.1096
Miscellaneous Administrative Sup 1.2339 0.8201 -5.5452 -4.0982 0.7322 -0.2705
Protective Service 1.5128 0.4958 -2.9611 -5.3039 0.3773 -0.0614
Food Preparation and Service Occ 1.3383 0.8023 -3.3975 -3.7147 0.1914 -0.4413
Health Service Occupations 0.9987 0.6614 -4.9138 -3.1112 0.5256 -0.4620
Cleaning and Building Service Oc 1.2666 0.7861 -3.6561 -4.7970 0.2495 -0.2821
Private Household and Personal S 1.1041 0.5837 -4.5779 -3.5497 0.4141 -0.6208
Agriculture, Forestry and Fishin 1.3360 0.4549 -3.2015 -5.3199 0.1116 -0.2800
Mechanics and Repairers 1.4022 0.6539 -2.2954 -7.4806 0.3295 0.4568
Construction and Extraction 1.4108 0.0701 -2.5438 -10.1161 0.3074 0.3248
Precision Production Occupations 1.3469 0.7042 -3.1777 -4.6069 0.4817 -0.0694
Metal, Wood, Plastic, Print, Tex 1.3167 0.7088 -3.8322 -5.0682 0.3390 -0.2291
Machine Operators, Fabricators, 1.3133 0.5785 -2.7852 -4.5573 0.3511 -0.0316
Road, Rail and Water Transportat 1.3700 0.4922 -2.3480 -5.6906 0.2977 -0.0137
Material Moving, Laborers 1.4206 0.6603 -2.9591 -5.2711 0.2470 0.0316
Executive, Administrative, and M 1.5642 0.9717 -1.8949 -2.9339 0.7733 0.1509
Management Related Occupations 1.4323 0.9185 -3.0146 -3.4329 0.7502 0.1193
Engineers, Architects, and Surve 1.5239 0.7330 -2.9549 -5.9674 0.6929 0.5293
Math, Computer, and Natural Scie 1.4245 1.0840 -3.0084 -4.2767 0.7577 0.4043
Health Diagnosing Occupations 1.9595 1.3815 -4.3489 -5.4980 1.2891 1.0410
Health Assessment and Treating a 1.2099 0.8703 -5.5545 -2.6367 1.0373 -0.1329
Sample Size 1657234.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: πG
O , uGO, WG

O are in millions of dollars.
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Table A.4: Model Parameters in Year 1990, 34 occupations

Parameter
Cell WTPM

O WTP F
O uMO uFO WM

O W F
O

Teachers, Postsecondary 1.4215 1.0229 -4.3910 -4.6260 0.7381 0.3134
Teachers, Except Postsecondary 1.5292 1.0224 -3.3468 -2.1575 0.8015 0.0645
Social Scientists, Lawyers, Judg 1.6181 1.0624 -4.6556 -4.0730 1.0464 0.2708
Social, Recreation, and Religiou 1.5008 0.8352 -4.3250 -4.6979 0.4950 0.1664
Writers, Artists, Entertainers, 1.4082 0.8594 -3.9331 -4.8456 0.6154 0.1963
Health Technologists and Technic 1.6239 0.9248 -4.9472 -4.1142 0.7941 0.0679
Technicians except health 1.8339 0.8854 -2.8416 -4.2376 0.6855 0.3427
Sales Representatives, Finance a 1.5266 0.9000 -3.3313 -4.0149 0.6728 0.1972
Sales Workers, Retail and Person 1.3488 0.8793 -3.0389 -3.4382 0.6006 -0.0939
Administrative Support 1.6771 0.8259 -4.6861 -2.6205 0.8507 -0.1150
Records Processing Occupations, 0.9872 0.8573 -5.8446 -5.1435 0.6042 0.0226
Financial Records Processing Occ 1.1747 0.8550 -6.2849 -3.5399 0.8385 -0.1375
Mail and Material Distribution 1.3651 0.8265 -3.0673 -4.6278 0.3738 0.2458
Adjusters and Investigators 1.2171 0.7767 -4.8024 -4.0299 0.6897 0.0381
Miscellaneous Administrative Sup 1.1751 0.8711 -5.6052 -4.0450 0.7583 -0.1342
Protective Service 1.5901 0.7314 -2.9706 -5.1774 0.4157 0.2626
Food Preparation and Service Occ 1.3811 0.8797 -3.3672 -3.6656 0.1822 -0.2664
Health Service Occupations 1.1954 0.9196 -4.9125 -3.0666 0.5577 -0.3206
Cleaning and Building Service Oc 1.3528 0.8199 -3.6332 -4.7489 0.2303 -0.1403
Private Household and Personal S 1.1982 0.7356 -4.5968 -3.5431 0.4331 -0.4284
Agriculture, Forestry and Fishin 1.3050 0.6502 -3.1816 -5.3037 0.0868 -0.0887
Mechanics and Repairers 1.5007 0.8642 -2.3077 -7.2150 0.3290 0.6378
Construction and Extraction 1.4193 0.5269 -2.5147 -9.9853 0.2809 0.5783
Precision Production Occupations 1.4282 0.9097 -3.2165 -4.5722 0.4912 0.1027
Metal, Wood, Plastic, Print, Tex 1.5301 0.6235 -3.8668 -5.0806 0.3225 -0.0859
Machine Operators, Fabricators, 1.4648 0.8149 -2.8230 -4.5154 0.3420 0.1201
Road, Rail and Water Transportat 1.3434 0.7588 -2.3645 -5.6735 0.2556 0.1975
Material Moving, Laborers 1.3442 0.5969 -2.9418 -5.2648 0.2203 0.1547
Executive, Administrative, and M 1.6418 1.1066 -1.9196 -2.8495 0.8096 0.3597
Management Related Occupations 1.5265 1.1827 -3.0332 -3.3598 0.7992 0.2995
Engineers, Architects, and Surve 1.6579 1.1230 -2.9598 -5.7571 0.7579 0.7689
Math, Computer, and Natural Scie 1.6781 1.1797 -3.0117 -4.1879 0.8027 0.5831
Health Diagnosing Occupations 2.1196 1.5187 -4.4414 -5.3547 1.3918 1.1024
Health Assessment and Treating a 1.4239 1.2457 -5.5958 -2.5758 1.1073 0.1225
Sample Size 1858609.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: πG
O , uGO, WG

O are in millions of dollars.
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Table A.5: Model Parameters in Year 2000, 34 occupations

Parameter
Cell WTPM

O WTP F
O uMO uFO WM

O W F
O

Teachers, Postsecondary 1.4420 1.1501 -4.4311 -4.6181 0.7311 0.4153
Teachers, Except Postsecondary 1.4003 1.1580 -3.3246 -2.1140 0.7816 0.0902
Social Scientists, Lawyers, Judg 1.6724 1.2999 -4.6655 -4.0902 1.0763 0.4614
Social, Recreation, and Religiou 1.2656 0.9248 -4.3809 -4.6966 0.5482 0.2370
Writers, Artists, Entertainers, 1.4115 1.0542 -3.9135 -4.8239 0.6319 0.3656
Health Technologists and Technic 1.5519 0.9116 -4.9338 -4.1392 0.8163 0.1849
Technicians except health 1.5804 1.0562 -2.8604 -4.2346 0.7813 0.5162
Sales Representatives, Finance a 1.4957 1.1377 -3.3765 -3.9837 0.6743 0.3182
Sales Workers, Retail and Person 1.4777 0.9332 -3.0550 -3.4484 0.6210 0.0617
Administrative Support 1.3810 0.9830 -4.7224 -2.6534 0.8438 -0.0003
Records Processing Occupations, 1.1595 0.8594 -5.8807 -5.1703 0.5482 0.0747
Financial Records Processing Occ 1.3184 1.0960 -6.1801 -3.5664 0.8478 -0.0183
Mail and Material Distribution 1.4668 0.8400 -3.0875 -4.6731 0.3391 0.3294
Adjusters and Investigators 1.2270 0.9134 -4.7949 -3.9796 0.6665 0.1246
Miscellaneous Administrative Sup 1.1992 1.0463 -5.5961 -4.0873 0.7394 -0.0086
Protective Service 1.5107 0.9617 -2.9458 -5.1247 0.4579 0.4173
Food Preparation and Service Occ 1.4230 1.1193 -3.3490 -3.6797 0.2019 -0.1310
Health Service Occupations 1.1816 0.9489 -4.9640 -3.0635 0.5697 -0.2201
Cleaning and Building Service Oc 1.2343 0.9122 -3.6698 -4.7459 0.2423 -0.0192
Private Household and Personal S 1.1597 0.8602 -4.5978 -3.5068 0.5029 -0.2861
Agriculture, Forestry and Fishin 1.2721 0.7399 -3.1905 -5.3018 0.1066 0.0818
Mechanics and Repairers 1.3908 0.8065 -2.3321 -7.4017 0.3296 0.7421
Construction and Extraction 1.4289 0.7245 -2.5569 -9.5942 0.2854 0.5417
Precision Production Occupations 1.3174 1.0547 -3.2717 -4.5768 0.4766 0.1887
Metal, Wood, Plastic, Print, Tex 1.4164 0.8117 -3.8794 -5.1480 0.2991 0.0404
Machine Operators, Fabricators, 1.4028 0.9471 -2.8748 -4.5470 0.3341 0.1974
Road, Rail and Water Transportat 1.3166 0.8678 -2.3967 -5.6964 0.2539 0.3538
Material Moving, Laborers 1.2597 0.8491 -2.9928 -5.2885 0.2142 0.2500
Executive, Administrative, and M 1.6264 1.2588 -1.9368 -2.8519 0.8453 0.5498
Management Related Occupations 1.5012 1.1989 -3.0498 -3.3391 0.8400 0.4372
Engineers, Architects, and Surve 1.5286 1.0979 -3.0099 -5.7484 0.7842 0.8869
Math, Computer, and Natural Scie 1.5252 1.3913 -2.9501 -4.1623 0.8053 0.6729
Health Diagnosing Occupations 1.9179 1.4929 -4.4379 -5.3372 1.2720 1.2231
Health Assessment and Treating a 1.4127 1.1189 -5.5600 -2.5833 1.1763 0.2522
Sample Size 1738053.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: πG
O , uGO, WG

O are in millions of dollars.
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Table A.6: Model Parameters in Year 2012, 34 occupations

Parameter
Cell WTPM

O WTP F
O uMO uFO WM

O W F
O

Teachers, Postsecondary 1.5608 1.1675 -4.4684 -4.5895 0.7045 0.4667
Teachers, Except Postsecondary 1.7397 1.1186 -3.3111 -2.0748 0.7801 0.1475
Social Scientists, Lawyers, Judg 1.6434 1.4886 -4.7228 -4.0513 1.1312 0.5822
Social, Recreation, and Religiou 1.4694 1.0101 -4.3148 -4.6205 0.5406 0.2912
Writers, Artists, Entertainers, 1.6915 1.0729 -3.9245 -4.8027 0.6125 0.4532
Health Technologists and Technic 1.7555 1.1267 -4.8795 -4.1567 0.8308 0.2806
Technicians except health 1.6944 1.2244 -2.8843 -4.2467 0.8139 0.5883
Sales Representatives, Finance a 1.4449 1.1210 -3.3881 -4.0110 0.6312 0.3698
Sales Workers, Retail and Person 1.5155 0.9346 -3.0584 -3.4472 0.5875 0.1234
Administrative Support 1.4332 1.1228 -4.7174 -2.6769 0.8317 0.0442
Records Processing Occupations, 1.0122 0.9501 -5.8731 -5.1711 0.5607 0.1380
Financial Records Processing Occ 1.1267 1.0160 -6.3201 -3.6148 0.8668 0.0365
Mail and Material Distribution 1.5170 0.9194 -3.0925 -4.6176 0.2730 0.3629
Adjusters and Investigators 1.3445 1.0603 -4.7962 -3.9760 0.5893 0.1432
Miscellaneous Administrative Sup 1.2197 0.9477 -5.6115 -4.0840 0.7133 0.0494
Protective Service 1.5032 0.9663 -2.9530 -5.0619 0.4670 0.5076
Food Preparation and Service Occ 1.2101 1.0318 -3.2994 -3.6188 0.1334 -0.1024
Health Service Occupations 1.3082 0.9183 -4.8893 -3.0074 0.5064 -0.1860
Cleaning and Building Service Oc 1.3930 0.9825 -3.6342 -4.7555 0.1823 0.0318
Private Household and Personal S 1.2612 0.8717 -4.5884 -3.4867 0.4407 -0.2224
Agriculture, Forestry and Fishin 1.4483 0.8146 -3.1800 -5.2743 0.0603 0.1703
Mechanics and Repairers 1.5542 0.9125 -2.3806 -7.4307 0.2727 0.7797
Construction and Extraction 1.5589 0.4001 -2.5966 -9.4066 0.2287 0.7637
Precision Production Occupations 1.4116 0.9894 -3.3167 -4.5754 0.4019 0.2169
Metal, Wood, Plastic, Print, Tex 1.5229 0.7905 -3.9841 -5.1799 0.2033 0.0789
Machine Operators, Fabricators, 1.4746 0.9317 -2.9499 -4.5624 0.2653 0.2286
Road, Rail and Water Transportat 1.4784 0.8664 -2.4077 -5.6869 0.1787 0.4277
Material Moving, Laborers 1.3408 0.8706 -2.9768 -5.3507 0.1341 0.2672
Executive, Administrative, and M 1.6637 1.3326 -1.9524 -2.8419 0.8280 0.6294
Management Related Occupations 1.5802 1.2634 -3.0466 -3.3560 0.8608 0.5493
Engineers, Architects, and Surve 1.6220 1.3404 -3.0308 -5.7120 0.8077 1.0230
Math, Computer, and Natural Scie 1.5359 1.4125 -2.9627 -4.1466 0.8056 0.7492
Health Diagnosing Occupations 2.2452 1.5624 -4.4854 -5.2399 1.4683 1.2922
Health Assessment and Treating a 1.5627 1.3546 -5.5500 -2.5317 1.2430 0.3723
Sample Size 974328.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: πG
O , uGO, WG

O are in millions of dollars.

187



Model Fit for Years 2000/2012
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APPENDIX B

CHAPTER 2 APPENDIX: INTRAHOUSEHOLD INTERACTION

AND MARRIED FAMILY LABOR SUPPLY

B.1 Appendix

B.2 Identification Proof of Model

Recall from above that the empirical content of the extended model can be sum-

marized in the following four expressions:

H2 “logp.5inc` p1´ λ2qw2q ´ pX1β1 ` Z1δ1 ` logp.5inc` w1qq

H1 “logp.5incq ´ pX1β1 ` logp.5inc` λ1w1qq

W2 “logp.5inc` p1´ λ1qw1q ´ pX2β2 ` Z2δ2 ` logp.5inc` w2qq

W1 “logp.5incq ´ pX2β2 ` logp.5inc` λ2w2qq

For each structure of the model, which may vary by individual covariates,

the probabilities are as follows. Subscripts for each individual i are omitted for

simplicity.
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If H2 ě H1,W2 ě W1

P00 “ ΦpH1q ˚ ΦpW1q

P10 “ Φp´H1q ˚ ΦpW2q ´ .5 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW2q ´ ΦpW1qq

P01 “ ΦpH2q ˚ Φp´W1q ´ .5 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW2q ´ ΦpW1qq

P11 “ Φp´H2q ˚ Φp´W2q

If H2 ă H1,W2 ă W1

P00 “ ΦpH1q ˚ ΦpW1q ´ .5 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW1q ´ ΦpW2qq

P10 “ Φp´H1q ˚ ΦpW2q

P01 “ pΦpH2q ˚ Φp´W1q

P11 “ Φp´H2q ˚ Φp´W2q ´ .5 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW1q ´ ΦpW2qq

If H2 ě H1,W2 ă W1

P00 “ ΦpH1q ˚ ΦpW1q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qq

P10 “ Φp´H1q ˚ ΦpW2q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qq

P01 “ ΦpH2q ˚ Φp´W1q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qq

P11 “ Φp´H2q ˚ Φp´W2q ` .25 ˚ pΦpH2q ´ ΦpH1qq ˚ pΦpW1q ´ ΦpW2qq

If H2 ă H1,W2 ě W1

P00 “ ΦpH1q ˚ ΦpW1q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qq

P10 “ Φp´H1q ˚ ΦpW2q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qq

P01 “ ΦpH2q ˚ Φp´W1q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qq

P11 “ Φp´H2q ˚ Φp´W2q ` .25 ˚ pΦpH1q ´ ΦpH2qq ˚ pΦpW2q ´ ΦpW1qq
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And the log-likelihood for the full sample:

L “
ÿ

i

logpP00iqppy1i “ 0qpy2i “ 0qq ` logpP11iqppy1i “ 1qpy2i “ 1qq`

logpP10iqppy1i “ 1qpy2i “ 0qq ` logpP01iqppy1i “ 0qpy2i “ 1qq

Showing identification of the model is equivalent to showing that the expecta-

tion of the Hessian is invertible, which through the information matrix equality is

equivalent to showing that the outer product of gradients of the log-likelihood is

invertible. Let us call this matrix B as in (Bjorn & Vuong, 1984). Let θ be a 1ˆK

vector of all parameters in the model. X1i, X2i, Z1i, and Z2i are column vectors of

covariates of individual i of length corresponding to β1, β2, δ1 and δ2 respectively.

θ “ rβ1 β2 δ1 δ2 λ1 λ2 σs

The expected value of the Hessian is then

E

ˆ

B2L
BθBθ1

˙

“ E

ˆ

BL
Bθ
¨
BL
Bθ1

˙

“ B

For instance, the derivative with respect to the first element of θ can be written

as follows. Note that no probability can be equal to zero.

BL
Bθ1

“
py1 “ 0qpy2 “ 0q

P00

BP00

Bθ1

`
py1 “ 1qpy2 “ 0q

P10

BP10

Bθ1

`
py1 “ 0qpy2 “ 1q

P01

BP01

Bθ1

`
py1 “ 1qpy2 “ 1q

P11

BP11

Bθ1

The expectation of py1 “ 0qpy2 “ 0q is P00 etc. leading to cancellation. So the

first element of B, for instance, will be
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BL
Bθ1

“
1

P00

ˆ

BP00

Bθ1

˙2

`
1

P10

ˆ

BP10

Bθ1

˙2

`
1

P01

ˆ

BP01

Bθ1

˙2

`
1

P11

ˆ

BP11

Bθ1

˙2

Now let

Ai “

„

BP00i
Bθ1

BP10i
Bθ1

BP01i
Bθ1

BP11i
Bθ1



be a K ˆ 4 matrix of partial derivatives, and Di be a 4 ˆ 4 diagonal matrix

of moments 1
P00i

, 1
P10i

, 1
P01i

and 1
P11i

. Then observation i’s contribution to the

expected gradient can be written as

Bi “ Ai Di A
1
i

Since the likelihood L is the sum of the likelihood of each observation i, B is

also a sum over the product of the gradient of each individual i. Thus as in Bjorn

and Vuong (1984), B can also be written as a product of two matrices. Let N be

the number of observations. Let A be a K ˆ 4N block matrix where the ith block

is Ai, and D be the 4N ˆ 4N block diagonal matrix whose ith block is Di. Then

B “ A D A1

Since D is diagonal with non-zero diagonal entries (by assumption) and there-

fore invertible, we must only show the A is full rank. This must be done for each

of the four structures corresponding to H2 ż H1 and W2 ż W1.

Let us adopt the following notation, common to all cases, as in Bjorn and

Vuong (1984).
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e1
i “ φpH2qΦp´W2q e2

i “ φpW2qΦp´H2q

f 1
i “ φpH1qΦpW1q f 2

i “ φpW1qΦpH1q

g1
i “ φpH1qΦpW2q g2

i “ φpW2qΦp´H1q

h1
i “ φpH2qΦp´W1q h2

i “ φpW1qΦpH2q

a1
i “

´w1

.5inc`λ1w1
a2
i “

´w1

.5inc`p1´λ1qw1

b1
i “

´w2

.5inc`p1´λ2qw2
b2
i “

´w2

.5inc`λ2w2

sipxq “

ˆ
ż x

´8

e

´

´ t2

2σ2

¯

ˆ

´
t2

?
2πσ4

´
1

?
2πσ2

˙

dt

˙

B.2.1 Case 1: H2 ě H1,W2 ě W1

P00 “ ΦpH1q ˚ ΦpW1q

P10 “ Φp´H1q ˚ ΦpW2q ´ .5 ˚ pΦpH2qΦpW2q ´ ΦpH2qΦpW1q ´ ΦpH1qΦpW2q ` ΦpH1qΦpW1qq

P01 “ ΦpH2q ˚ Φp´W1q ´ .5 ˚ pΦpH2qΦpW2q ´ ΦpH2qΦpW1q ´ ΦpH1qΦpW2q ` ΦpH1qΦpW1qq

P11 “ Φp´H2q ˚ Φp´W2q

BP00i
Bβ1

“ f 1
i
BH1i
Bβ1

“ ´f 1
i X1i

BP00i
Bβ2

“ f 2
i
BW1i
Bβ2

“ ´f 2
i X2i

BP00i
Bδ1

“ 0 BP00i
Bδ2

“ 0

BP00i
Bλ1

“ f 1
i
BH1i
Bλ1

“
´f1

i w1

.5inc`λ1w1
“ f 1

i a
1
i

BP00i
Bλ2

“ f 2
i
BW1i
Bλ2

“
´f2

i w2

.5inc`λ2w2
“ f 2

i b
2
i

BP00i
Bσ

“ sipH1iqΦpW1iq ` sipW1iqΦpH1iq
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BP10i
Bβ1

“ g1
i
B´H1i
Bβ1

´ .5ppφpH2q ´ e
1
i q
BH2i
Bβ1

´ pφpH2q ´ h1
i q
BH2i
Bβ1

´ g1
i
BH1i
Bβ1

` f 1
i
BH1i
Bβ1
q

“ g1
i
B´H1i
Bβ1

´ .5p´e1
i
BH2i
Bβ1

` h1
i
BH2i
Bβ1

´ g1
i
BH1i
Bβ1

` f 1
i
BH1i
Bβ1
q

“ g1
iX1i ´ .5pe

1
iX1i ´ h

1
iX1i ` g

1
iX1i ´ f

1
i X1iq

“ pg1
i ´ .5pe

1
i ´ h

1
i ` g

1
i ´ f

1
i qqX1i

BP10i
Bβ2

“ g2
i
BW2i
Bβ2

´ .5ppφpW2iq ´ e
2
i q
BW2i
Bβ2

´ h2
i
BW1i
Bβ2

´ pφpW2iq ´ g
2
i q
BW2i
Bβ2

` f 2
i
BW1i
Bβ2

q

“ g2
i
BW2i
Bβ2

´ .5p´e2
i
BW2i
Bβ2

´ h2
i
BW1i
Bβ2

` g2
i
BW2i
Bβ2

` f 2
i
BW1i
Bβ2

q

“ pg2
i ´ .5p´e

2
i ´ h

2
i ` g

2
i ` f

2
i qqp´X2iq

“ p´g2
i ´ .5pe

2
i ` h

2
i ´ g

2
i ´ f

2
i qqX2i

BP10i
Bδ1

“ ´.5ppφpH2iq ´ e
1
i q
BH2i
Bδ1

´ pφpH2iq ´ h
1
i q
BH2i
Bδ1
q

“ ´.5p´e1
i
BH2i
Bδ1

` h1
i
BH2i
Bδ1
q

“ ´.5p´e1
i ` h

1
i qp´Z1iq

“ ´.5pe1
i ´ h

1
i qZ1i

BP10i
Bδ2

“ g2
i
BW2i
Bδ2

´ .5ppφpW2iq ´ e
2
i q
BW2i
Bδ2

´ pφpW2iq ´ g
2
i q
BW2i
Bδ2
q

“ pg2
i ´ .5p´e

2
i ` g

2
i qqp´Z2iq

“ p´g2
i ´ .5pe

2
i ´ g

2
i qqZ2i

“ p´.5pe2
i ` g

2
i qqZ2i

BP10i
Bλ1

“ g1
i
B´H1i
Bλ1

` g2
i
BW2i
Bλ1

´ .5ppφpW2iq ´ e
2
i q
BW2i
Bλ1

´ pg1
i
BH1i
Bλ1

` pφpW2iq ´ g
2
i q
BW2i
Bλ1

q ` f 1
i
BH1i
Bλ1
q

“ g1
i
B´H1i
Bλ1

` g2
i
BW2i
Bλ1

´ .5p´e2
i
BW2i
Bλ1

´ g1
i
BH1i
Bλ1

` g2
i
BW2i
Bλ1

` f 1
i
BH1i
Bλ1
q

“ ´g1
i a

1
i ` g

2
i a

2
i ´ .5p´e

2
i a

2
i ´ g

1
i a

1
i ` g

2
i a

2
i ` f

1
i a

1
i q

“ ´.5g1
i a

1
i ` .5g

2
i a

2
i ` .5e

2
i a

2
i ´ .5f

1
i a

1
i

“ ´.5a1
i pg

1
i ` f

1
i q ` .5a

2
i pg

2
i ` e

2
i q

BP10i
Bλ2

“ ´.5ppφpH2iq ´ e
1
i q
BH2i
Bλ2

´ ppφpH2iq ´ h
1
i q
BH2i
Bλ2

` h2
i
BW1i
Bλ2

q ` f 2
i
BW1i
Bλ2

q

“ ´.5p´e1
i
BH2i
Bλ2

` h1
i
BH2i
Bλ2

´ h2
i
BW1i
Bλ2

` f 2
i
BW1i
Bλ2

q

“ ´.5p´e1
i b

1
i ` h

1
i b

1
i ´ h

2
i b

2
i ` f

2
i b

2
i q

“ .5b1
i pe

1
i ´ h

1
i q ` .5b

2
i ph

2
i ´ f

2
i q

BP10i
Bσ

“ sip´H1iqΦpW2iq ` sipW2iqΦp´H1iq ´ .5 ˚ psipH2iqΦpW2iq ` sipW2iqΦpH2iq

´sipH2iqΦpW1iq ´ sipW1iqΦpH2iq ´ sipH1iqΦpW2iq ´ sipW2iqΦpH1iq

`sipH1iqΦpW1iq ` sipW1iqΦpH1iqq
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BP01i
Bβ1

“ h1
i
BH2i
Bβ1

´ .5ppφpH2iq ´ e
1
i q
BH2i
Bβ1

´ pφpH2iq ´ h
1
i q
BH2i
Bβ1

´ g1
i
BH1i
Bβ1

` f 1
i
BH1i
Bβ1
q

“ h1
i
BH2i
Bβ1

´ .5p´e1
i
BH2i
Bβ1

` h1
i
BH2i
Bβ1

´ g1
i
BH1i
Bβ1

` f 1
i
BH1i
Bβ1
q

“ ´h1
iX1i ´ .5pe

1
iX1i ´ h

1
iX1i ` g

1
iX1i ´ f

1
i X1iq

“ p´h1
i ´ .5pe

1
i ´ h

1
i ` g

1
i ´ f

1
i qqX1i

BP01i
Bβ2

“ h2
i
B´W1i
Bβ2

´ .5ppφpW2iq ´ e
2
i q
BW2i
Bβ2

´ h2
i
BW1i
Bβ2

´ pφpW2iq ´ g
2
i q
BW2i
Bβ2

` f 2
i
BW1i
Bβ2

q

“ h2
i
B´W1i
Bβ2

´ .5p´e2
i
BW2i
Bβ2

´ h2
i
BW1i
Bβ2

` g2
i
BW2i
Bβ2

` f 2
i
BW1i
Bβ2

q

“ h2
iX2i ´ .5pe

2
iX2i ` h

2
iX2i ´ g

2
iX2i ´ f

2
i X2iq

“ ph2
i ´ .5pe

2
i ` h

2
i ´ g

2
i ´ f

2
i qqX2i

BP01i
Bδ1

“ h1
i
BH2i
Bδ1

´ .5ppφpH2iq ´ e
1
i q
BH2i
Bδ1

´ pφpH2iq ´ h
1
i q
BH2i
Bδ1
q

“ h1
i
BH2i
Bδ1

´ .5p´e1
i
BH2i
Bδ1

` h1
i
BH2i
Bδ1
q

“ ´h1
iZ1i ´ .5pe

1
iZ1i ´ h

1
iZ1iq

“ p´h1
i ´ .5pe

1
i ´ h

1
i qqZ1i

BP01i
Bδ2

“ ´.5ppφpW2iq ´ e
2
i q
BW2i
Bδ2

´ pφpW2iq ´ g
2
i q
BW2i
Bδ2
q

“ ´.5p´e2
i
BW2i
Bδ2

` g2
i
BW2i
Bδ2
q

“ ´.5pe2
iZ2i ´ g

2
iZ2iq

“ ´.5pe2
i ´ g

2
i qZ2i

BP01i
Bλ1

“ ´.5ppφpW2iq ´ e
2
i q
BW2i
Bλ1

´ g1
i
BH1i
Bλ1

´ pφpW2iq ´ g
2
i q
BW2i
Bλ1

` f 1
i
BH1i
Bλ1
q

“ ´.5p´e2
i
BW2i
Bλ1

´ g1
i
BH1i
Bλ1

` g2
i
BW2i
Bλ1

` f 1
i
BH1i
Bλ1
q

“ ´.5p´e2
i a

2
i ´ g

1
i a

1
i ` g

2
i a

2
i ` f

1
i a

1
i q

“ ´.5a1
i pf

1
i ´ g

1
i q ´ .5a

2
i p´e

2
i ` g

2
i q

BP01i
Bλ2

“ h1
i
BH2i
Bλ2

´ h2
i
BW1i
Bλ2

´ .5ppφpH2iq ´ e
1
i q
BH2i
Bλ2

´ pφpH2iq ´ h
1
i q
BH2i
Bλ2

´ h2
i
BW1i
Bλ2

` f 2
i
BW1i
Bλ2

q

“ h1
i
BH2i
Bλ2

´ h2
i
BW1i
Bλ2

´ .5p´e1
i
BH2i
Bλ2

` h1
i
BH2i
Bλ2

´ h2
i
BW1i
Bλ2

` f 2
i
BW1i
Bλ2

q

“ h1
i b

1
i ´ h

2
i b

2
i ´ .5p´e

1
i b

1
i ` h

1
i b

1
i ´ h

2
i b

2
i ` f

2
i b

2
i q

“ h1
i b

1
i ´ h

2
i b

2
i ` .5e

1
i b

1
i ´ .5h

1
i b

1
i ` .5h

2
i b

2
i ´ .5f

2
i b

2
i

“ ph1
i ` .5e

1
i ´ .5h

1
i qb

1
i ` p.5h

2
i ´ .5f

2
i ´ h

2
i qb

2
i

“ .5b1
i pe

1
i ` h

1
i q ´ .5b

2
i ph

2
i ` f

2
i q

BP01i
Bσ

“ sipH2iqΦpW1iq ` sipW1iqΦpH2iq ´ .5 ˚ psipH2iqΦpW2iq ` sipW2iqΦpH2iq

´sipH2iqΦpW1iq ´ sipW1iqΦpH2iq ´ sipH1iqΦpW2iq ´ sipW2iqΦpH1iq

`sipH1iqΦpW1iq ` sipW1iqΦpH1iqq
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BP11i
Bβ1

“ e1
i
BH2i
Bβ1

“ e1
iX1i

BP11i
Bβ2

“ e2
i
BW2i
Bβ2

“ e2
iX2i

BP11i
Bδ1

“ e1
i
BH2i
Bδ1

“ e1
iZ1i

BP11i
Bδ2

“ e2
i
BW2i
Bδ2

“ e2
iZ2i

BP11i
Bλ1

“ e2
i
B´W2i
Bλ1

“ ´e2
i a

2
i

BP11i
Bλ2

“ e1
i
B´H2i
Bλ2

“ ´e1
i b

1
i

BP11i
Bσ

“ sip´H2iqΦp´W2iq ` sip´W2iqΦp´H2iq

Therefore the ith element of matrix A may be written as follows:

A “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

´f 1
i X1i pg1

i ´ .5pe
1
i ´ h

1
i ` g

1
i ´ f

1
i qqX1i p´h1

i ´ .5pe
1
i ´ h

1
i ` g

1
i ´ f

1
i qqX1i e1

iX1i

´f 2
i X2i p´g2

i ´ .5pe
2
i ` h

2
i ´ g

2
i ´ f

2
i qqX2i ph2

i ´ .5pe
2
i ` h

2
i ´ g

2
i ´ f

2
i qqX2i e2

iX2i

0 ´.5pe1
i ´ h

1
i qZ1i p´h1

i ´ .5pe
1
i ´ h

1
i qqZ1i e1

iZ1i

0 ´.5pe2
i ` g

2
i qqZ2i ´.5pe2

i ´ g
2
i qZ2i e2

iZ2i

f 1
i a

1
i ´.5a1

i pg
1
i ` f

1
i q ` .5a

2
i pg

2
i ` e

2
i q ´.5a1

i pf
1
i ´ g

1
i q ´ .5a

2
i p´e

2
i ` g

2
i q ´e2

i a
2
i

f 2
i b

2
i .5b1

i pe
1
i ´ h

1
i q ` .5b

2
i ph

2
i ´ f

2
i q .5b1

i pe
1
i ` h

1
i q ´ .5b

2
i ph

2
i ` f

2
i q ´e1

i b
1
i

BP00i
Bσ

BP10i
Bσ

BP01i
Bσ

BP11i
Bσ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

.

Ai is of dimension K ˆ 4, where K is the number of parameters and 4 is the

number of probabilities. Since A is stacked horizontally with a matrix Ai for each

observation in the sample, A is of dimension K ˆ 4N , where N is sample size.

Let us take first only the first six rows of A, ignoring the seventh row, which

is derivatives with respect to sigma. Call this K ´ 1 ˆ 4N matrix A1. We want

to show that A1 has rank K ´ 1. To do so we first perform column operations to

simplify A1i.

1. Subtract column 2 from column 3.

2. Add half of columns 1, 3 and 4 to column 2.
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A1i “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

´f 1
i X1i 0 p´g1

i ´ h
1
i qX1i e1

iX1i

´f 2
i X

2
2i 0 pg2

i ` h
2
i qX2i e2

iX2i

0 0 ´h1
iZ1i e1

iZ1i

0 0 g2
iZ2i e2

iZ2i

f 1
i a

1
i 0 g1

i a
1
i ´ g

2
i a

2
i ´e2

i a
2
i

f 2
i b

2
i 0 h1

i b
1
i ´ h

2
i b

2
i ´e1

i b
1
i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

.

Note that the second column is now equal to zeros. This is to be expected since

P00 ` P01 ` P10 ` P11 “ 1, not all four gradients can carry new information.

Column two is therefore omitted. To be consistent with Bjorn and Vuong (1984) let

us now look at the transpose of A1i, A
1
1i which is 3ˆK´1. Note A11 is 3NˆK´1.

A11i “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

´f 1
i X

1
1i ´f 2

i X
1
2i 0 0 f 1

i a
1
i f 2

i b
2
i

p´g1
i ´ h

1
i qX

1
1i pg2

i ` h
2
i qX

1
2i ´h1

iZ
1
1i g2

iZ
1
2i g1

i a
1
i ´ g

2
i a

2
i h1

i b
1
i ´ h

2
i b

2
i

e1
iX

1
1i e2

iX
1
2i e1

iZ
1
1i e2

iZ
1
2i ´e2

i a
2
i ´e1

i b
1
i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

.

To show that A11 is full rank, we can write A11 as the product of four matrices,

as in Bjorn and Vuong (1984). First let us switch second and third columns of A11

and move the last column to be the third column.

A11i “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

´f 1
i X

1
1i 0 f 2

i b
2
i ´f 2

i X
1
2i 0 f 1

i a
1
i

p´g1
i ´ h

1
i qX

1
1i ´h1

iZ
1
1i h1

i b
1
i ´ h

2
i b

2
i pg2

i ` h
2
i qX

1
2i g2

iZ
1
2i g1

i a
1
i ´ g

2
i a

2
i

e1
iX

1
1i e1

iZ
1
1i ´e1

i b
1
i e2

iX
1
2i e2

iZ
1
2i ´e2

i a
2
i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

.

Define W̄1 and W̄2 as stacked matrices of length 3N whose ith elements are
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W̄1i “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

0 0 b2
i

X 1
1i 0 0

X 1
1i Z 11i ´b1

i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

W̄2i “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

0 0 a1
i

X 1
2i 0 0

X 1
2i Z 12i ´a2

i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

Let Dh and Dw (3N ˆ 3N) be block diagonal matrices with ith elements Dhi

and Dwi

Dhi “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

f 2
i f 1

i 0

´h2
i ´g1

i ´h1
i

0 0 e1
i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

Dwi “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

f 1
i ´f 2

i 0

g1
i h2

i g2
i

0 0 e2
i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

We now can write A1 as two matrix products appended:

A11 “ DhW̄1|DwW̄2

Lemma 1 Dhi can be reduced to an upper triangular matrix with non-zero

elements in its diagonal as long as g1
i ‰ f 1

i ˚
h2
i

f2
i
, f 2

i ‰ 0 and e2
i ‰ 0.

Proof. Multiply the first row of Dhi by
h2
i

f2
i

and add to the second row. The matrix
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is now

Dhi “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

f 2
i f 1

i 0

´h2
i ` h

2
i ´g1

i ` f
1
i ˚

h2
i

f2
i
´h1

i

0 0 e1
i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

Lemma 2 Dwi can be made into an upper triangular matrix with non-zero

diagonal entries as long as h2
i ‰ ´f

2
i
g1
i

f1
i
, f 1

i ‰ 0 and e1
i ‰ 0.

Proof. Multiplying the first row of Dwi by
g1
i

f1
i

and subtracting it from the second

row yields

Dwi “

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

f 1
i ´f 2

i 0

g1
i ´ g

1
i h2

i ` f
2
i
g1
i

f1
i

g2
i

0 0 e2
i

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

ˇ

Thus both Dhi and Dwi are reducible to triangular matrices with non-zero di-

agonal elements under certain minimal conditions. Therefore Dhi and Dwi are

generally invertible. By extension, Dh and Dw, the block diagonal matrices com-

posed of Dhi and Dwi, are generally invertible.

According to Bjorn and Vuong (1984) the rank of A11 can equivalently be seen

by observing the matrix

Ã1
1
“ W̄1|D

´1
h DwW̄2

By assumption the data matrices W1 and W2 are full column rank. D´1
h Dw

the product of two invertible matrices and therefore invertible, with rank 3N .

Thus D´1
h DwW̄2 the rank of W̄2. As in Bjorn and Vuong (1984), it would take
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a particular combination of parameters and data for W̄1 and D´1
h DwW̄2 to be

collinear. Therefore A11 is generally the rank of W̄1 plus the rank of W̄2 which is

K ´ 1. Thus A1 is generally full column rank.

The other four cases should follow similarly to above. Identification with re-

spect to the variance of ε is clear from the normalization of the coefficients on labor

income and non-labor income.
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B.3 Wage Imputation

Labor income is imputed for those who have wage and hours data but no labor

income data as wage ˆ hours. This affects 530 husbands and 807 wives. This

leaves missing labor income for approximately 12% of husbands and 32% of wives.

Of husbands missing labor income data, 50% work, whereas among wives missing

labor income, only 10% work. We are missing labor income data for 98% of wives

who don’t work and 95% of husbands who don’t work. Since the employment

decision is the focus of the model, and it is expected that labor income is a critical

component of this decision, it is clear that missing labor income data must be filled

in somehow.

Exploiting the panel structure, labor income can be interpolated and extrap-

olated for individuals from observations in different years. If labor income is ob-

served in even in one year for an individual, this value is extrapolated to all other

years the individual is observed. After doing this, labor income is missing for just

3% of husbands and 7% of wives. We are now missing labor income for 20% of

both wives and husbands who don’t work.

Now a Heckman selection regression can be used to impute labor income for

the remaining observations. The selection and income regressions are as follows,

done separately for husband and wife:

Work “ Xβ ` Zδ ` u1

Labor income “ Xβ1 ` λβ1lambda ` u2

Where X is age, age squared, education, experience, experience squared, black
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and hispanic, Z is instruments, number of children and non-labor income, and λ is

the selection correction term estimated in the first regression. Instruments in the

first stage are children, non-labor income, spouse’s age and age squared, spouse’s

experience and experience squared. An F-test of these instruments rejects that

they are jointly equal to zero in the first stage probit except for the case of wives

in the second period, where the statistic is 8.53 with p-value of 0.2015. In all cases

a Wald test rejects that the selection and income equations are independent.

Heckman Regression for Husband: Period 1
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Husband Labor Income Husband Employment Status athrho lnsigma

Husband Age 4,440.264 0.208

(1,463.847)** (0.056)**

Husband Age Squared -65.804 -0.003

(20.417)** (0.001)**

Husband Experience 1,112.621 -0.011

(603.549) (0.031)

Husband Experience Squared -0.365 0.001

(15.407) (0.001)

Husband Education 3,449.632

(426.520)**

Husband Black -8,714.999 -0.455

(2,625.572)** (0.126)**

Husband Hispanic -8,900.824 -0.003

(3,157.720)** (0.270)

Number of Children -0.058

(0.027)*

Non-Labor Income -0.000

(0.000)

Wife Age 0.021

(0.047)

Wife Age Squared -0.000

(0.001)

Wife Experience 0.000

(0.016)

Wife Experience Squared -0.000

(0.000)

Constant -87,745.157 -2.132 2.231 10.424

(22,817.285)** (0.695)** (0.432)** (0.148)**

N 10,135
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* p ă 0.05; ** p ă 0.01

Heckman Regression for Wife: Period 1
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Wife Labor Income Wife Employment Status athrho lnsigma

Wife Age -36.823 0.060

(136.019) (0.019)**

Wife Age Squared -0.560 -0.001

(1.769) (0.000)**

Wife Experience 926.525 0.140

(84.404)** (0.006)**

Wife Experience Squared -14.607 -0.002

(2.416)** (0.000)**

Wife Education 1,760.256

(116.097)**

Wife Black -238.840 0.066

(731.755) (0.062)

Wife Hispanic -497.639 0.147

(968.811) (0.083)

Number of Children -0.146

(0.013)**

Non-Labor Income 0.000

(0.000)

Husband Age 0.030

(0.023)

Husband Age Squared -0.000

(0.000)

Husband Experience -0.038

(0.009)**

Husband Experience Squared 0.001

(0.000)**

Constant -8,417.921 -0.963 -0.321 9.541

(2,957.312)** (0.283)** (0.041)** (0.019)**

N 59,778
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* p ă 0.05; ** p ă 0.01

Heckman Regression for Husband: Period 2
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Husband Labor Income Husband Employment Status athrho lnsigma

Husband Age 10,045.745 0.128

(965.149)** (0.015)**

Husband Age Squared -138.854 -0.002

(12.538)** (0.000)**

Husband Experience -293.646 0.001

(456.703) (0.007)

Husband Experience Squared 55.158 0.001

(9.418)** (0.000)**

Husband Education 4,582.338

(372.049)**

Husband Black -20,437.319 -0.292

(2,053.710)** (0.040)**

Husband Hispanic -8,747.847 -0.170

(2,874.690)** (0.045)**

Number of Children 0.001

(0.004)

Non-Labor Income 0.000

(0.000)

Wife Age -0.012

(0.009)

Wife Age Squared 0.000

(0.000)

Wife Experience 0.005

(0.004)

Wife Experience Squared -0.000

(0.000)

Constant -200,075.095 -1.353 4.002 11.238

(17,056.407)** (0.217)** (0.512)** (0.123)**

N 45,467
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* p ă 0.05; ** p ă 0.01

Heckman Regression for Wife: Period 2
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Wife Labor Income Wife Employment Status athrho lnsigma

Wife Age -636.590 -0.024

(225.064)** (0.009)**

Wife Age Squared -6.907 -0.000

(2.820)* (0.000)*

Wife Experience 3,405.181 0.128

(184.717)** (0.007)**

Wife Experience Squared -35.921 -0.001

(4.641)** (0.000)**

Wife Education 154.930

(47.082)**

Wife Black -2,975.142 -0.122

(1,096.934)** (0.040)**

Wife Hispanic -6,380.750 -0.249

(1,223.011)** (0.045)**

Number of Children -0.001

(0.001)

Non-Labor Income -0.000

(0.000)

Husband Age -0.001

(0.002)

Husband Age Squared -0.000

(0.000)

Husband Experience 0.001

(0.001)

Husband Experience Squared -0.000

(0.000)

Constant 13,345.969 0.636 5.084 10.194

(4,023.407)** (0.160)** (0.292)** (0.053)**

N 45,435
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* p ă 0.05; ** p ă 0.01

Income cannot be imputed using this Heckman specification for 5% of husbands

and wives due to missing values of work experience. Now we are missing labor

income data on 5% of wives who do not work and 7% of husbands who do not

work. If the predicted income is less than zero, it is censored at zero. This affects

2093 of husbands and 87 wives.

If Heckman predicted income is imputed only for non-workers who were missing

wages even after interpolation and extrapolation, then income is missing for only

2% of wives and husbands. Standard errors of imputed income are 36 and 15 for

husbands and wives, vs. 160 and 366 for non-imputed income.

The maximum values for imputed labor income and actual labor income differ

dramatically as well. The maximum values for imputed wife and husband labor

income are $48,260 and $89,082 respectively, whereas actual maximum values are

$2,884,600 and $4,168,000. Labor-income was top-coded at $99,999 until 1983,

$999,999 until 1993, and $9,999,999 thereafter. To ameliorate the impact of the

top-coding and outliers, and to reduce scaling problems in the likelihood function1,

I censor labor income and non-labor income at $500,000 in the basic model.

1The normal cumulative density function in Matlab is identically equal to one for values above
nine. For this reason censoring income at $500,000 and dividing by $100,000 is key to estimation
in the basic model, though not in the extended model due to the use of logs.
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APPENDIX C

CHAPTER 3 APPENDIX: IS THERE STILL SON PREFERENCE

IN THE UNITED STATES?
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Table C.1: Children in Sample Compared to Reported Live Births

All Women, Ages 18-40 Women, Ages 18-40

With Sample Restrictions

Married All

Number Percent Number Percent Number Percent

A. All Groups

Sample = Live 20271 84% 11824 92% 15749 91%

Sample Less Than Live 3064 13% 756 6% 1177 7%

Sample Greater Than Live 701 3% 295 2% 426 2%

B. Natives

Sample = Live 16361 85% 9721 92% 13237 91%

Sample Less Than Live 2425 13% 615 6% 991 7%

Sample Greater Than Live 557 3% 242 2% 353 2%

C. Immigrants

Sample = Live 3916 83% 2104 92% 2512 91%

Sample Less Than Live 634 14% 140 6% 185 7%

Sample Greater Than Live 143 3% 53 2% 72 3%

D. Asian Immigrants

Sample = Live 893 90% 561 94% 597 94%

Sample Less Than Live 75 8% 24 4% 26 4%

Sample Greater Than Live 21 2% 12 2% 13 2%

E. Hispanic Immigrants

Sample = Live 2111 80% 1027 91% 1303 90%

Sample Less Than Live 437 17% 79 7% 110 8%

Sample Greater Than Live 84 3% 26 2% 39 3%

Second Generation

Sample = Live 1495 88% 904 94% 1241 94%

Sample Less Than Live 164 10% 44 5% 60 5%

Sample Greater Than Live 40 2% 16 2% 26 2%

Notes: Data are from the 2008, 2010, and 2012 June CPS. Number of live births is based on
the variable frever (the number of live births the woman ever had). The unrestricted sample
includes women, ages 18-40, who are the household head or spouse of the household head,
with at least one child. The restricted sample is further limited to families where the oldest
child is twelve or younger, all children are born in the US and no children were adopted,
step, or foster children of the household head and, for married women, women who were
married spouse present. Same-sex couples, respondents living in group quarters, as well as
mothers with multiple children born in the same year, are excluded from both samples.
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Table C.2: Boy/Girl Ratio, First Child

Native Immigrant
(1) (2)

A. All Married Women

Ratio 1.056 1.048
95% Confidence Interval [1.049,1.062] [1.034,1.061]
Sample Size 410,109 93,068
B. Married Women in First Marriage

Ratio 1.057 1.049
95% Confidence Interval [1.050,1.064] [1.034,1.063]
Sample Size 339,687 78,335
C. All Women

Ratio 1.047 1.043
95% Confidence Interval [1.042,1.053] [1.031,1.055]
Sample Size 553,836 112,304

Notes: Sample from the ACS 2008-2013, includes women, ages 18-40, with 1
or more children, where the oldest child is twelve or younger, all children are
born in the US and no children were adopted, step, or foster children of the
household head. Same-sex couples, respondents living in group quarters, as
well as mothers with multiple children born in the same year and quarter, are
excluded. Means are weighted by normalized household weights that provide
equal weighting for each sample year; 95% confidence intervals are in parenthe-
ses. Confidence intervals are based on the standard errors of the percentage of
first children who are boys.
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