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ABSTRACT

This paper uses the two-step Heckman method to solve the problem of sample selection bias for the estimation of married women labor supply in Brazil.  The sample comes from the National Survey of Household Samples (PNAD) from the year of 1998. Family variables such as the size of the household and children’s age significantly impact on women’s decision to work.  Education raises women’s labor supply and income.  On the other hand, husbands’ labor supply and income have only small impacts on women’s decision to work.

1. INTRODUCTION


Over the last 3 decades, much has been discussed in the literature about models of labor supply, specifically of women.  One of the main problems identified in these models is what is called sample selection bias.  This problem derives from the use of nonrandom samples where the dependent variable presents missing data.  Because traditionally women have the choice to enter or stay out of the labor market, there may be observations in which labor income is unavailable, and estimations of this variable might deviate from the true values in the population.  Similarly, the amount of labor supply (usually measured in hours) is not observed for those women out of the market, and again, estimations of quantity of labor supply is biased when using sample that contains missing data.


According to Heckman (1978, 1992, 1993), for many years, labor economists failed to distinguish labor supply decisions at the extensive margin (i.e., in-out decisions) and at the intensive margin (i.e., decisions about number of hours for individuals who do work).  Heckman believes this distinction is fundamental, since estimates of participation are discrete while hours of work are in fact, estimations of income and substitution effects (and are thus, continuous).  The problem of missing data is “a central research problem in economics: the consequences and causes of self-selection bias in estimating wage and labor supply functions on samples of workers” (1993, p. 117).  

2. SPECIFICATION OF THE MODEL

The specification error resulting from regression by using the missing variable – e.g., wages or labor supply – may be avoided by first estimating the missing variable and then using it as a regressor in the equation in which we are primarily interested.  Heckman (1979) proposed a method to deal with the problem of sample selection bias.  The method consists of two steps: first, a maximum-likelihood probit model and then, a regression including the inverse Mill’s ratio.  Estimators by maximum-likelihood probit are consistent.  The inverse Mill’s ratio is the ratio of the pdf of the function given the parameters, over the cdf of the same function.  

Thus, the sample selection model for the ith dependent variable yi is:

yi
=
xi’
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(2.1)

Ti
=
1(zi’
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(2.2)


1(.) is the indicator function.  In the case of women labor supply, for example, Ti = 1 if the ith woman works in the labor market, and Ti = 0 if she does not.  Yi is observed if and only if Ti = 1.  Yi for example could be wage, which is observed only if a woman is employed, and Ti specifies the probability that she is employed. 

One important assumption of this model is that the error terms in (2.1) and (2.2) are jointly normal, i.e., 
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and,


e1i = 
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e0i + vi






(2.3)
where e0i and vi are independent.  

Also, because of normality it is known that
,



E (e0i | e0i > -x) = 
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: the Inverse Mills ratio  
(2.4)

It can be shown from (4) that, for ui, 



E (e1i | Ti = 1, Zi) = 
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(2.5)

and,


e1i = 
[image: image7.wmf]rl

g

(

'

)

z

i

 + ui 


where the expected value of ui given Ti= 1 is zero.

Finally, the regression equation for observations in which Ti = 1 is:

yi
=
xi’
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(2.6)

Thus, the Heckman estimation includes the two following steps:

1) Estimate 
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from Probit, using zi and having Ti as the dependent variable.  Maximum likelihood estimators are consistent.

2) Estimate 
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from OLS of yi on xi and 
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.  Again, estimates are consistent, but standard errors will be biased. 

3. SAMPLE & DESCRIPTIVES

The data used in this analysis comes from the 1998 National Survey of Household Samples (PNAD) carried out by the Brazilian government, through the Institute of Geography and Statistics (IBGE).  The PNAD is done every two years in a national basis, and assesses several economic and social variables.   Households are randomly selected, and each member of the household answers to the survey (including children and elderly people).  Therefore, data is collected at the individual level.  

PNAD 1998 total sample size is 344,975.  Table 1 presents the variables originally assessed by the survey:

Table 1: PNAD 1988 – Original Variables

	VARIABLE NAME
	VARIABLE DESCRIPTION
	VALUES

	UF
	Unit of Federation (State)
	11 to 99
	Brazilian States, plus Brazil, foreign countries, unknown, and NA.

	Ncontrol
	Number of Control
	

	Nserie
	Number of Series
	

	Nordem
	Number of Order
	

	Sexo
	Gender
	1

2


	Male

Female

	Idade
	Age
	000 to 098  and

999 – unknown



	Conddom
	Condition at the household
	1

2

3

4

5

6

7

8


	Head of household

Spouse

Son/daughter

Other relative

Aggregate

Renter

Domestic Servant

Domestic Servant’s relative



	Race
	Color or Race
	2

4

6

8

0

9


	White

Black

Yellow

Brown

Indigenous

Unknown

	Maeviva
	Is your mother alive?
	1

3

5

9


	Yes

No

Don’t know

Unknown

	Maemora
	Does your mother live at this household?
	2

4

9


	Yes

No

Unknown / NA

	Alfabet
	Do you know how to read and write?
	0

1

3

9


	Unknown part

Yes

No

Unknown

	Iniciotr
	Age at which you first started working
	99 – Unknown

, - NA

	Hstrabx1
	Weekly hours worked in the reference week

- for people of 10 y.o. and older – 


	1

2

3

4

5

6


	Till 14

15 to 39

40 to 44

45 to 48

49 or more

Unreported / NA

	Cdativx1
	Condition of activity during the year

- for people of 10 y.o. and older – 


	1

2

3
	Economically active

Economically inactive

Unreported / NA

	Cdocupx1
	Condition of occupation during the year

- for people of 10 y.o. and older – 


	1

2
	Employed

Unemployed

NA

	Rendprx1
	Value of the Monthly Earnings from Main Job

- for people of 10 y.o. and older –


	(value in 1998 Reais (R$))

      999.999.999.999 – Unknown

    -1 – NA*

	Tipofam
	Type of Family

- for all members - 


	1

2

3

4

5

6

7

8

9

10


	Couple without kids

Couple with kids all younger than 14 y.o.

Couple with kids all of 14 y.o. and older

Couple with kids of 14 y.o. and older, and younger than 14 y.o.

Couple with kids of unknown age

Single mother with all kids younger than 14 y.o.

Single mother with all kids of 14 y.o. and older

Single mother with kids of 14 y.o. and older, and younger than 14 y.o.

Single mother with kids of unknown age

Other types of family



	Nfamtot
	Total Number of Members in the Household

(including Aggregates)


	

	Codsitua
	Code of Location
	1

2

3

4

5

6

7

8


	URBAN: City or village, urbanized area

URBAN: City or village, non-urbanized area

URBAN: Isolated Urban Area

RURAL: Rural agglomerate, urban extension

RURAL: Rural agglomerate, isolated, populated

RURAL: Rural agglomerate, isolated, center

RURAL: Rural agglomerate, isolated, other agglomerate

 RURAL: Rural zone, excluding rural agglomerate  



	Gpeducx1
	Groups of years of schooling

- 5 y.o. and older - 


	1

2

3

4

5

6

7


	  0 to 1

  1  to   3 years

  4  to   7 years

  8  to 10 years

11  to 14 years

15 years and more

Unknown

NA





For the purpose of this study, some data management was necessary.  First, I am only interested in the sub-sample that includes married women, between 14 and 60 years old (to exclude women who are economically inactive).  This sub-sample has size 56,253.  Husbands’ variables were merged with wives’, so that there is one observation per household with information on both spouses (women’s info is indicated by “_w”, and husbands’ info are indicated by “_h”).  I created three new variables: (1) “rel”: whether there is any relative older than 14 years old living at that particular household;  (2) “maid”: whether there is any servant living at that household; (3) and “exp”: indicates the woman’s experience at the labor market.  Information on “rel” and “maid” were directly obtained by identifying values equal to 4 and 7, respectively, in the variable “conddom” on the original survey (from Table 1).  “exp” was created by subtracting the woman’s age, “idade”, by “iniciotr”, the age in which she started working (also from Table 1).  Table 2 presents the variables actually used in this paper:

Table 2: Variables Used.

	VARIABLE NAME
	VARIABLE DESCRIPTION
	VALUES

	N
	Household identification number
	

	Age_w
	Woman’s Age
	000 to 098  and

, – unknown



	Hours_w


	Hours worked by woman in the reference week


	1

2

3

4

5

6


	Up to 14

15 to 39

40 to 44

45 to 48

49 or more

Unreported / NA

	Inc_w
	Woman’s Value of the Monthly Earnings from Main Job 

(in 1998 Reais – R$)


	 , - Unknown / NA



	Fam1
	Couple with kids all older than 14 y.o. or unknown age?
	0

1


	No

Yes

	Fam2
	Couple with kids of 14 y.o. and older, and younger than 14 y.o.?

 
	0

1
	No

Yes

	Fam3
	Couple with kids all younger than 14 y.o.?


	0

1
	No

Yes

	Memb_w
	Total Number of Members in the Household

(including Aggregates)


	

	Loc1


	Household located at urban area?


	0

1
	No

Yes

	Loc2
	Household located at rural area which is extension of urban?


	0

1
	No

Yes

	E1_w
	Did the woman go to school up to 3 years?


	0

1
	Yes

No

	E2_w
	Did the woman go to school for 4 to 7 years?


	0

1
	Yes

No

	E3_w
	Did the woman go to school for 8 to 10 years?


	0

1
	Yes

No

	E4_w
	Did the woman go to school for 11 years or more?


	0

1
	Yes

No

	Age_h

	Husband’s Age
	000 to 098  and

, – unknown



	Hours_h


	Hours worked by husband in the reference week


	1

2

3

4

5

6


	Up to 14

15 to 39

40 to 44

45 to 48

49 or more

Unreported / NA

	E1_h
	Did the husband go to school for up to 3 years?


	0

1
	Yes

No

	E2_h
	Did the husband go to school for 4 to 7 years?


	0

1
	Yes

No

	E3_h
	Did the husband go to school for 8 to 10 years?


	0

1
	Yes

No

	E4_h
	Did the husband go to school for 11 years or more?


	0

1
	Yes

No

	Inc_h
	Husband’s Value of the Monthly Earnings from Main Job 

(in 1998 Reais – R$)


	

	Rel
	Do you have relatives older than 14 year old that live at the household?


	1 Yes

2 No

	Maid
	Do you have domestic servant/maid living at this household?
	1 Yes

2 No



	Exp
	How many years of experience at the labor market does the woman have?
	1 Yes

2 No





The data is then complete and ready for regression and analysis.  The first thing to do is to get a summary of the descriptives.  

Table 3: Descriptives.

	Variable
	Obs (a)
	Mean (b)
	Std. Dev. (c)
	Min (d)
	Max (e)

	1. age_w
	56253
	37.042
	10.745
	14
	60

	2. hours_w
	28071
	2.807
	1.249
	1
	5

	3. inc_w
	28071
	323.328
	588.535
	0
	18000

	4. fam1
	56253
	.199
	.399
	0
	1

	5. fam2
	56253
	.205
	.403
	0
	1

	6. fam3
	56253
	.453
	.498
	0
	1

	7. memb_w
	56253
	4.107
	1.530
	2
	15

	8. loc1
	56253
	.809
	.393
	0
	1

	9. loc2
	56253
	.007
	.0841
	0
	1

	10. e1_w
	56253
	.347
	.476
	0
	1

	11. e2_w
	56253
	.340
	.474
	0
	1

	12. e3_w
	56253
	.140
	.347
	0
	1

	13. e4_w
	56253
	.172
	.378
	0
	1

	14. age_h
	56249
	41.356
	11.937
	12
	98

	15. hours_h
	56253
	3.378
	1.585
	0
	5

	16. inc_h
	56253
	588.080
	1055.986
	0
	38000

	17. e1_h
	56253
	.390
	.488
	0
	1

	18. e2_h
	56253
	.321
	.467
	0
	1

	19. e3_h
	56253
	.134
	.341
	0
	1

	20. e4_h
	56253
	.154
	.361
	0
	1

	21. rel
	56253
	.065
	.246
	0
	1

	22. maid
	56253
	.011
	.104
	0
	1

	23. exp
	56253
	12.654
	14.115
	0
	54


The average age of women in this sample is 37 years old (row 1, column b). The average number of working hours in a week was close to the group of 40 to 44 hours a week (row 2, column b); their average monthly income was $ 323 Reais, approximately equal to US$ 323 in 1998 (row 3).  

20% of the women in the sample has kids who are older than 14 years (row 4).  45% of them has kids that are all younger than 14 years old (row 6).  The average household has 4 members (row 7).  35% of the women in the sample has up to three years of schooling indicating very low levels of education in a big proportion of the Brazilian population (row 10).  34% has between 4 and 7 years – incomplete primary school (row 11), 14% has 8 to 10 years – incomplete high school (row 12), and 17% has 11 years or more of schooling – high school graduates and over (row 13).  Average number of years of experience at the labor market is 12.6 years (row 23).  82% of the women in the sample lived in urban areas or extension of urban areas (sum of rows 8 and 9).  


Husbands’ average age in this sample is 41 years old (row 14).  Their average income was much higher than that of their spouses: $ 588 reais (row 16).  39% of the husbands’ has up to three years of schooling (row 17), 32% has between 4 and 7 years (row 18), 13% between 8 and 10 (row 19), and 15% 11 or more years (row 20).  Contrary to what was expected, women in Brazil seem to be on average more educated then men, although the difference is not big: the percentage difference between women and men who attend 11 or more years of school is close to 2%.  As men’s average wage is much higher than women’s this evidences that the Brazilian labor market is still very discriminative against women workers.  

4. ESTIMATION, RESULTS AND DISCUSSION


Due to the problems of sample selection discussed in the introduction, a simple ordinary least-squares regression is not appropriate for estimating this model.  OLS estimation only takes into account observations where the dependent variable is observed, i.e., for cases when Ti = 1  From equation 2.5 above, it is shown that the expected value of the error term when Ti = 1 is different to zero, and equal to 
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As seen earlier, the equation for our primary interest is:

Y = Xi
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(2.1)


There is yet, no consensus in the literature about which variables should be included in X so to get the best description of agents’ behavior in the market.  Mroz (1987) presents a summary of diverse articles trying to assess the “best” model.  For married women, these models usually include three groups of variables: (1) Woman self-variables: e.g., age, work experience, education level.  (2) Family variables: e.g., number of children, husband’s age and education.  (3) Market variables: e.g., woman’s and husband’s wage rates, woman’s and husband’s hours of work, non-labor income.  In this paper, basically all of these variables are included.  I test two models, which differ mainly in the dependent variable: Model 1 focuses on labor supply (hours of work), and Model 2, on wage.

4.1 Model 1 – Hours of Work.


In section 2 we have seen the set of equations that constitute the general model for our purpose:

yi
=
xi’
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(2.1)

Ti
=
1(zi’
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(2.2)

In equation 2.1 Y is hours_w (hours worked by the woman in the week of reference), X’s include woman’s age (age_w), monthly wage earned from work (inc_w), education level (e2_w, e3_w, e4_w), and experience (exp).  The group of women with up to 3 years of schooling was considered the intercept for this dummy.  

Equation 2.2 in this model has the following variables as regressors Z’s: type of family, i.e., the number and age of kids in the family (fam1, fam2, fam3 – women without kids were taken as basis), number of members in the household (memb_w), location of the household – urban or rural area (loc1, loc2), and whether there are relatives older than 14 y.o. (rel) or domestic servants (maid) living at home.  It is assumed that the presence of other adults in the household would help the woman to take care of children and increase her labor supply.  Finally, two husband-related variables are included as Z: number of weekly working hours for the husband (hours_h) and the husband’s average monthly income at the main job (inc_h).  The results of Model 1 are listed on Table 4:

Table 4: Heckman two-step regression – Model 1.

Regression Equation:
Yi = xi’
[image: image17.wmf]b

 + e1i
 
Y: hours_w
	Variables (X)


	Coefficients (
[image: image18.wmf]b

)   

(a)
	P > |z|   

(b)
	95% Confidence Interval   

               (c)

	1. age_w
	-0.014

(0.002)
	.000
	-0.018
	-0.011

	2. ln_inc_w
	0.173

(0.004)
	.000
	0.166
	0.180

	3. e2_w 
	0.189

(0.019)
	.000
	0.152
	0.226

	4. e3_w 
	0.192

(0.025)
	.000
	0.142
	0.242

	5. e4_w 
	0.050

(0.022)
	.024
	0.007
	0.093

	6. exp 
	0.014

(0.002)
	.000
	0.011
	0.017

	7. constant 
	2.371

(0.064)
	.000
	2.245
	2.497


Selection Equation:
Ti = zi’
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   + e0i, 
Ti: binary dependent variable, prob. that woman works

	Regressors (Z)


	Coefficients (
[image: image20.wmf]g

)

(a)
	P > |z|   

(b)
	95% Confidence Interval   

                    (c)

	 8. fam1 
	-0.030

(0.023)
	.198
	-0.076
	0.016

	 9. fam2 
	0.101

(0.027)
	.000
	0.048
	0.154

	10. fam3 
	-0.166

(0.020)
	.000
	-0.206
	-0.126

	11. memb_w 
	-0.041

(0.005)
	.000
	-0.051
	-0.031

	12. loc1 
	-0.372

(0.016)
	.000
	-0.404
	-0.341

	13. loc2 
	-0.425

(0.069)
	.000
	-0.560
	-0.290

	14. rel
	0.020

(0.024)
	.403
	-0.027
	0.068

	15. maid 
	0.706

(0.059)
	.000
	0.591
	0.820

	16. hours_h
	0.030

(0.005)
	.000
	0.020
	0.041

	17. ln_inc_h
	-0.001

(0.006)
	.862
	-0.013
	0.011

	18. _cons 
	0.447

(0.046)
	.000
	0.357
	0.536

	19. mills lambda (
[image: image21.wmf]l

)
	-0.205 

(.067)
	
	-0.337
	-0.074

	20. rho (
[image: image22.wmf]r

)
	-0.173
	
	
	

	21. sigma (
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)
	1.189
	
	
	


See Table 2 for variable definitions.

Probit estimation by maximum likelihood, assuming normality.

Number of obs. = 47883, Censored obs. = 23379, Uncensored obs. = 24504


Rho, the correlation of the error terms of the regression equation and the selection equation (as seen in equation 2.3), is negative and equal to -0.173 (row 20, column a).  Sigma is the standard error of the residual in the regression equation (row 21), and lambda, the inverse mills ratio, equals -0.20 (row 19, column a).

4.1.1 Maximum-Likelihood Probit Selection Equation.

Women with kids all younger than 14 years old (fam3) have 16.6% lower probability of working as compared to women without kids (row 10, column a).  If there is/are any kid(s) older than 14 years old, that increases the probability of the woman working by 10% (row 9, column a) as compared to the base group, i.e., women without kids.  Older kids can help taking care of their young siblings while their mother work.  The group of women with kids all older than 14 years old showed a negative and insignificant coefficient (row 8, columns a and b).  The size of the household as measured by memb_w has a negative coefficient (row 11, column a).  This is a further evidence that, the more kids, the less probable the woman is going to work.  However, it is important to notice that this variable includes all types of members: not only kids, but also spouse, servants, parents, and other aggregates.  These different types of members should have different impacts over women’s working decision: some would ease her decision to work off-house, and others would make it more difficult.  For this reason, I include the variables relating to other adult members (rel) and domestic servants (maid).  These are household members that could help the woman to take care of the house, and therefore, would probably have positive effects on women labor supply.  The result for rel is small and insignificant (row 14, columns a and b), while maid has a considerable and significant effect (row 15, columns a and b). 

Other regressors included in the selection equation were household location variables, i.e., whether it is in urban or rural area.  It is expected that women in urban areas or extension of urban areas would have higher probabilities of working due to easier transportation and proximity to workplaces.   However, the dummies referring to urban areas and to rural areas that are extension of cities, showed negative coefficients: -0.372 for loc1 (urban areas) and -0.425 for loc2 (extension of urban areas)
.  This might be explained by the undesired way in which this variable was aggregated, since the original variable (see Table 1) has 8 different values, while here, the model aggregates them into only 3 (2 different dummies).  For future analysis, I might include 7 different dummies, and test for its significance. 


Finally, husband’s information was also used as regressors in the selection equation.  Husband’s income has a small, negative and insignificant effect on the probability of women entering into the labor market (row 17, columns a and b).  I will discuss about this result at the end of this sub-section.  Husband’s hours of work has a small and positive impact on the probability of women’s decision to work (row 16, column a).

4.1.2 Ordinary Least-Squares Regression Equation.

A problem arises with the results achieved by this regression.  We cannot interpret the estimates of 
[image: image24.wmf]b

 as we usually do for partials in normal equations, due to the manner in which hours_w was assessed by PNAD.  As described on Table 2, hours of work were measured in a discrete manner, and categorized into five groups.  Coefficients then, do not directly measure the impact of variables on total labor supply, even though categories of hours of work do have an order relationship – 1 corresponds to the least number of hours worked, and 5 corresponds to the most number of hours worked.  Thus, the interpretation of the results can only be done in relative terms, by analyzing the dimension of the coefficients estimated.

Woman’s age has a small and negative effect on labor supply decision (row 1, columns a and b): the older the woman, the fewer hours she works.  Experience in the labor market has an exact impact but with positive sign: the more experienced, the more a woman works.  Education levels have all positive effects although the impacts are different.  The coefficients for women with schooling between 4 and 7 years is 0.189 (row 3, column a), while for women with 8 to 11 years, and above 11 years of education are, respectively, 0.192 and 0.05 (rows 4 and 5, column a).  Although we cannot compare the impacts of these three groups in absolute terms, it seems that the two groups with lower education have much higher impacts on labor supply than the one corresponding to the highest level of education.  One explanation for this result is the occurrence of income effects taking place to people with higher education (and therefore, with higher salaries).

4.1.3 Market Wages.  

Market labor incomes present mixed results over female working decision: women’s income has high and significant coefficients, while husbands’ income has small and insignificant impacts.  ln_inc_w was used as variable in the regression equation, and ln_inc_h in the probit selection equation.  As we take into account the discreteness of the dependent variable and the fact that we are using logs, it can be said that women’s own income does have a substantial impact on their labor supply: the higher the income, the more someone works.  The basic supply and demand laws are observed.  However, surprisingly, ln_inc_h has a very small coefficient, even though we can only analyze its relative dimension.  Original beliefs assumed that husband’s income is a complement to total household income, and therefore, the more the husband earns the fewer hours the woman works.  It was further assumed that its impact should be equal, or close to equal, to woman’s income, but with opposite sign.  Yet, as we see, although the sign really turned out to be negative, the dimension of the impact of husbands’ income is much smaller than women’s.  The small impact of husbands’ wages is consistent with Mroz’s (1987) results.  His conclusion is that “the small responses to variations in the wage rates and nonwife income found [in the paper] provide a more accurate description of the behavioral responses of working married women than those found in most previous studies”.  In fact, from a sociological and cultural perspective this result should not be a surprise: husbands’ higher income does not necessarily (and usually) translate into improved well being for the household, least to speak for their wives.

4.2 Model 2 – Wages.

In labor market models, an alternative to using hours of work (the precise measure of labor supply) is to use wages as dependent variable.  In our case it was even more desirable to test this alternative model, due to the problems of measurement of hours of work as we have seen above.  Although the models are different because they measure different impacts, they both present missing data and the problem of selectivity bias.  Thus, the Heckman two-step method is also useful for the regression on wages.  In Model 2, X’s in the regression equation (2.1) are: woman’s education level (e2_w, e3_w, e4_w), age (age_w) and years of experience (exp).  The sample selection equation (2.2) includes as regressors: log of husbands’ wages (ln_inc_h), number of hours worked by husband (hours_h), and the number and age of kids (fam1, fam2, fam3).  Results of Model 2 are listed on Table 5:

Table 5: Heckman two-step regression – Model 2.

Regression Equation:
Yi = xi’
[image: image25.wmf]b

 + e1i
 Y: ln_inc_w
	Variables (X)
	Coefficients(
[image: image26.wmf]b

)

(a)
	P > |z|

(b)
	95% Confidence Interval

             (c)

	1. e2_w 
	0.000

(0.052)
	0.998
	-0.103
	0.103

	2. e3_w 
	0.720

(0.074)
	0.000
	0.575
	0.865

	3. e4_w 
	1.301

(0.081)
	0.000
	1.141
	1.460

	4. age_w 
	0.113

(0.019)
	0.000
	0.076
	0.150

	5. exp 
	-0.115

(0.018)
	0.000
	-0.150
	-0.079

	6. _cons 
	-1.710

(0.504)
	0.001
	-2.697
	-0.723


Selection Equation:
Ti = zi’
[image: image27.wmf]g

   + e0i

Ti binary dependent variable, prob. that woman works

	Regressors (Z)
	Coefficients (
[image: image28.wmf]g

)

(a)
	P > |z|

(b)
	95% Confidence Interval

                   (c)

	 7. ln_inc_h
	-0.035

(0.006)
	0.000
	-0.047
	-0.024

	 8. hours_h 
	0.041

(0.005)
	0.000
	0.030
	0.051

	 9. fam1 
	-0.108

(0.021)
	0.000
	-0.149
	-0.067

	10. fam2 
	-0.024

(0.020)
	0.241
	-0.063
	0.016

	11. fam3 
	-0.236

(0.018)
	0.000
	-0.270
	-0.201

	12. _cons 
	0.224

(0.042)
	0.000
	0.141
	0.307

	13. mills lambda (
[image: image29.wmf]l

)
	5.173

(.589)
	0.000
	4.018
	6.327

	14. rho (
[image: image30.wmf]r

)
	1.10652
	
	
	

	15. sigma (
[image: image31.wmf]s

e

)
	4.675
	
	
	


See Table 2 for variable definitions.

Probit estimation by maximum likelihood, assuming normality.

Number of obs = 47883, Censored obs = 23379, Uncensored obs = 24504
4.2.1 Maximum-Likelihood Probit Selection Equation.

For this model I only included family type and husband’s work information as regressors of the probit selection equation.  Again, the presence of kids lowers women’s probability to work, and again, as in model 1 this impact is higher for those who have all kids younger than 14, and all kids older than 14.  The coefficient for women in fam3 – all kids younger than 14 y.o. – is -0.24 (row 11, column a), for women in fam1 – all kids over 14 y.o. – is -0.11 (row 9, column a), and for those in fam2 – kids older and younger than 14 y.o. – is -0.02, but it is not statistically significant (row 10, columns a and b).  These results confirm the original hypothesis: kids make women less probable to work, and the probability is lower for women who have younger kids at home.

Husbands’ wages have a slightly larger negative impact on women’s decision to work as compared to Model 1.  Yet its relative dimension is still small, -0.04 (row 7, column a), and the increase in the coefficient may be caused by the exclusion of other variables, which were used in the previous model.  Husbands’ number of hours worked has also a positive and small coefficient, 0.04 (row 8, column a). 

4.2.2 Ordinary Least-Squares Regression Equation.

All education groups have higher wages as compared to the intercept group, e1_w (women with up to 3 years of education).  The coefficients of education were 0.72 and 1.3 for e3_w and e4_w, respectively.  Women with incomplete high school degree earn 72% more than the intercept group (row 2, column a), and those who graduated or got more than high school have income which is 130% higher than those with up to 3 years of schooling (row 3, column a).  Coefficient for e2_w is close to zero and non-significant (row 1, column a).  If education were measured in a continuous manner, we could get the elasticities of education, but since PNAD measures years of education in a discrete manner, the results of the effects of education here cannot be interpreted directly.  Nonetheless, the coefficients seem to reflect the fact that impacts of education on wages are positively increasing.  Coefficient of age is positive, 0.11 (row 4, column a).  On the other hand, experience has exactly the contrary impact: -0.11 (row 5, column a).  What do these results tell with respects to age and experience in the labor market for women? Do the two coefficients contradict each other?  Not necessarily.  Least educated people might have relatively more work experience since they started working at very young ages (especially in developing countries where there is less monitoring over child labor).  On the other hand, people who invest much in education (college, graduate school) tend to have relatively fewer years at the labor market.  Therefore, a negative coefficient for “exp” does not contradict the theory.  It only tells that investments in education yield higher returns than work experience.  This result reinforces the human capital theory (although work experience can also be considered human capital investment).  This result, however, needs further confirmation since it was not observed in Model 1.

5. CONCLUSIONS & FINAL REMARKS

Some conclusions may be achieved after running these models.

(1) Family variables on the extensive labor supply decisions (probability of working).  

Having kids impact negatively on the decision of women to enter the labor market.  The impacts of different types of family (different age of kids) on women’s labor supply need to be further assessed, especially by measuring the number and age of kids in a continuous manner.  The size of the household also tends to impact negatively on women’s decision to work.  This is a further confirmation that having more kids decreases the probability that a woman works.  It may also be a signal that in many families, women refrain from the labor market because they need to take care of other relatives, such as elderly parents (according to Table 3, in 2.7% of the observations, the woman’s mother or the husband’s mother live at the household).  On the other hand, the presence of domestic servant substantially increases the probability that the woman works.  This is an important information given the widespread practice of having servants by middle and up-class women in Brazil.

(2) Woman self-variables on income and intensive labor supply decision (hours worked).  

There are mixed results over the impact of age and experience, although it seems that older women tend to work less and earn more, and the opposite for women with more market experience.  The reasons for this result can be hypothesized but need more detailed inquiries.  As exposed by Mroz (1987), there are still controversies in the literature over whether to include women’s work experience as endogenous in labor supply equations.  Education has positive impacts both on amount of hours worked and on level of labor income.  The impacts are increasing with the number of years of schooling, particularly for the latter.  

(3) Market variables on intensive and extensive labor supply decision.  

Women’s labor income has positive impact on the amount of hours worked, showing a clear substitution effect.  On the other hand, husbands’ wages have a small and negative impact while the number of hours they work have a small and positive effect on women’s decision to work.

About the Assumption of Normality of the Error Terms


As noted before, the Heckman two-step model relies on the assumption of normality.  Estimates can be very sensitive to this assumption and many econometricians are, therefore, skeptical to this method.  It seems that recently, research on this area has been focused on finding non-parametric, robust estimators.  Greene (1990) gives some references on some literature, but reminds that these non-parametric approaches usually limit the scope of the estimations.  This would be very unfortunate, since models in which selectivity bias is present are usually very rich.  It is expected that in the near future we will have more desirable techniques to efficiently deal with this problem.

Final Remarks.

The main weakness of this paper is related to the data source and the way in which some variables were inappropriately measured by the PNAD 1998.  Many important variables, such as hours of work, education, number and age of kids, were measured in a discrete manner.  No doubts, if these measures were continuous, we would be able to capture effects that might be hidden when data is aggregated as it is here.  Additionally, we would be able to make direct interpretations of the effects of each variable on labor supply decisions.

PNAD 1998 also failed to provide some important variables for the analysis of women labor supply.  One of them would be household non-labor income.  It is very likely that women’s decision to work (both at the intensive and extensive margin) is affected by the presence and amount of other income earned by the family.  The variable “exp” (labor market experience) used in this model was also an artificial creation by the author.  In fact, as mentioned before, it was obtained by the difference of the woman’s current age and the age in which she first worked. There are surely enough issues to motivate a new, and perhaps more intensive inquiry in the future.
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� In Section 5 we will discuss about the implications of the normality assumption.


� Hansen, B. (2002), p. 133.


� The intercept dummy refers to household in isolated rural areas.
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