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PURPOSE: 
Study the effect of education quality  on

• Income inequality

• Female labor force participation (FLFP) 



METHODS

1. Theory: 

• Assume labor markets are gendered. 

• men 

• -work for a wage

• women 

• -produce home good,  

• -can choose to supply labor for a wage.

2. Develop Education Quality Data

3. Econometric Strategies to get around invisible domestic labor



Brazilian DATA: 

• 65 years of Brazilian Local school spending data (1941 to 2004)
• Provides much more granularity than years of schooling alone

• PNAD household surveys for 1976, 1985, 1995, 2005, & 2015



MAIN FINDINGS: 
• Public investment in education 

• grew tremendously over the past 1/2 century

• accelerated after the end of military dictatorship

• The quality of schools attended contributes significantly to income 
inequality among adult men.

• The quality of schools attended contributes significantly to the labor 
force participation decisions of women worked.



Economic Development 
is an Inequality-Inducing Process

• Technological change favors industry & service sectors

• As incomes grow, Engel curves lead higher share to industry & service 
outputs (Kuznets, 1955, 1966)

• Labor reallocates from rural to urban areas (Lewis, 1954, Ranis Fei, 1961),



Development & FLFP

• Development involves monetization of economic activity, 
• but necessarily the monetization of goods and labor that are destined for use 

outside of the home. 

• Traditional gender division of productive activity places activities 
outside the home in men’s camp and women’s activities inside the 
home, 

• ➔the monetization that accompanies development favors men’s 
activities over women’s



Development and U-shaped FLFP

90 Countries
Source: Mammen & 
Paxson (2000)



Why Brazil?

• Classic development pattern 
• 1960: 45% urban
• 2015: 85% urban (PNAD surveys)

• one of the most unequal countries in the world:
• Gini coefficient of 0.63 
• ”almost a historical and worldwide record” (Lopez-Calva et al., 2012, Ray and Genicot, 2023)

• differences in education long recognized as a major cause of inequality (Yap, 

1976, Almeida dos Reis & Paes de Barros, 1991, Lam & Levinson, 1991, Dureya et al., 2023).
• Recent explanations focus on education quality. 

• quality deficiencies in entire Latin American region (Hanushek and Woessman, 2012)

• enormous differences in pre-college education quality within Brazil 
(Brotherhood et al., 2019)

• unequal access to high-quality public universities (Dureya et al., 2023)



Labor Force Participation in Brazil



Brazil: Domestic Chores by Gender



This Contribution

• Relation between education quality (1941 to 2004) and

• Income inequality among men

• Labor force participation among women



Framework

• Men work for a wage

• Women
• Must produce home good “g”
• May choose to also work for a wage.

• Max:                                    , , s.t. gi = 1-zi  and qi =yi + w hi zi 
• gi: home-produced good
• qi: market good
• zi: market labor
• hi: woman’s human capital
• yi: spouse income

•➔Women’s market labor supply: 



Implications

1. FLFP is a function of the earnings potential of woman relative  to 
spouse

2. For any hi   ∃   such that       =0

3. Women with husband’s income yi >y* withdraw from the market.

4. Labor supply can be “negative” (shadow demand for home 
production (Heckman, 1976))



3 Econometric Issues

1. Cannot observe human capital 

2. Women’s work is only observed if y<y*
1. ➔Many with zero hours worked

2. ➔Cannot use earnings of workers to predict earnings of non-workers 
(selection bias)

3. Correlation between spousal incomes (Becker, 1973, Bratsberg et al. 2023)



 Estimation Techniques

1. Estimate men’s human capital equation using school years, school 
quality, & experience.

2. Women’s human capital index developed by predicting what their 
earnings would be if they were prime-aged men

3. 3 Econometric models for censorship using school quality data:
1. Maximum likelihood estimation of reduced form Correlated Spousal 

Earnings Model (CSE)

2. Heckman selection model

3. Tobit model



(1) Correlated Spousal Earnings Model (CSE)

• Women have potential earnings of ψi , with empirical implementation 

  

• They draw a husband from a lognormal earnings distribution with median income 𝜇𝑥𝑖 that depends their own 
potential earnings 𝜓𝑖:

• 𝜇𝑥𝑖 𝜓𝑖 = 𝜓𝑖
𝛼+1, 𝑤𝑖𝑡ℎ 𝛼 > 0   

• She knows the (lognormal) distribution of her husband's income 𝑥𝑖  at the time of marriage, including 𝜇𝑥𝑖, but 
his actual  income is only revealed to her after marriage.

                          let 𝑦𝑖: = ln 𝑥𝑖 , 𝑡ℎ𝑒𝑛 𝑦𝑖~𝑁(𝜓𝑖
𝛼+1, 𝜎𝑥

2)

• From the definition of the lognormal density, we have that the mean of 𝑦𝑖, 𝜇𝑦𝑖 = 𝜇𝑥𝑖

• So, given the CDF of 𝑥, 𝐹𝑥 𝑥 , the cumulative density function of hours worked in domestic tasks d is given by



(1) Correlated Spousal Earnings Model (cont.)

• Substituting for 𝑙𝑛(𝜓𝑖), the CDF of d is

    

 

• and the pdf is 

• Letting ci indicate censorship of observation i, the likelihood function of 
observation i is 

• The log-likelihood estimated by Max. Likelihood then becomes



(2) Heckman Selection

• The Heckman (1976) 2-step approach :

1. predict the instantaneous “hazard function”, defined as the ratio of 
the pdf to the survival function ( “inverse of the Mills ratio”). 

2. Insert predicted hazard as an ancillary variable in an hours worked 
equation.



(3) Tobit

• Large number of zero hours worked for women, 

• estimate hours worked equations using Tobin’s (1956) limited dependent variable model. 

• two-part decision: 
• (i) work for a wage: yes, or no? Then if “yes”, 

• (ii) work for how many hours?

• Observe



2 Data Sources

1. Five decades pf Brazil’s PNAD household surveys: 
1976, 1985, 1995, 2005, 2015.

2. New dataset: 64 years of data on municipal government education 
spending, 1941-2004.





PNAD School Attainment Data
1976-2015

• Educational attainment more than doubled, from about 4 years of 
schooling to more than nine. 

• The proportion of the labor force that is functionally illiterate –with 
fewer than 4 years of schooling– declined from nearly 60% in 1976 to 
less than 15% in 2015. 

• The proportion with at least a high school degree increased from 
13.5% to nearly half of the labor force.

• Gender change was enormous









Quality inequality and income inequality

• Mincer equation expanded to account for quality:

• Implies variance decomposition into quality and quantity of 
schooling:

• Estimation results show that school quality accounts for a significant 
share the variation men’s income.





Summary of Results on FLFP

• All 3 methods show significant impact of education quality on FLFP.

• Some evidence that impact falls over time.



Maximum Likelihood CSE Estimates





Heckman Model 
shows a sign-flip 
for both Schooling 
and husband’s 
income.







Binscatter Plots

• Using Cataneo et al. (2024) optimal bin size

• Binscatter plots suggest linearity in FLFP decdsion, but

• non-linear relation between women’s human capital and hours 
worked.



% of women who 
work as a 
function of their 
human capital.



Weekly hours 
worked among 
working women, 
as a function of 
their human 
capital.



Conclusions

Differences in education quality are a significant factor explaining income inequality among fully 
employed men and an important determinant of the labor force participation of women.

Over the past ½ century Brazil invested more in education 

Brazilian women attended better schools and attained more years of schooling 

The participation of Brazilian women in the labor force grew substantially.

But women’s market employment remains secondary to that of their spouses.

Education quality is a major factor in women’s labor force participation decisions and one of the 
most important determinants of income inequality in Brazil.



Thank you!



Appendix (Extra Slides)





Labor Force, 1976 to 2015
1. LFP: 

1. Men –either working or were looking for work –remained close to 90%.
2. Women: rose from 34% to 66%

2. Domestic tasks
1. Men –negligible (0.05%) to 13%
2. Women: fell from 57% to 44%

3. Hours Worked: Opposite change by gender
1. Men: From 43 hrs/wk in 1976 to 32 hrs/wk
2. Women: Rises, from 15 to 19 hrs/wk

4. Urbanized: Share in 10 Largest Cities
• 23% in 1976, 
• 67% in 2015



3 Estimates of Women’s School Quality
1. Brotherhood et al. (2019) “EdQual” 

--Static school quality measure:
--Wage differential according to place where went to school. 

2. New dataset on municipal expenditures on education
--Rural and urban municipalities of all Brazilian states
--1941 to 2004
--matched with individual PNAD data according to where person resided at age 
10

3. Women’s human capital index: 
--Regress school years, experience, & school quality on earnings of men
--Use estimated coefficients to predict women’s earnings as if they were men.

4. Huge increase when democracy returned
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