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ABSTRACT
 

The determinants of labor force participation and earnings among 

women in a developing country are explored. A double selectivity pro­

cedure is developed and used to deal with the possible selectivity
 

problems of (1) ;ho selects into the labor force and (2) who reports 

earnings. A broad definition of human capital which includes health
 

and nutrition in addition to education and experience is used. Sexual
 

discrimination is investigated by comparing returns to men and women.
 

Analysis is extended to the pluralistic nature of the labor market by
 

dividing it into sectors--formal, informal, domestic--to analyze
 

selection into sectors and compare returns to human capital factors
 

across sectors.
 



DeLtcrminaw :s of WomIII'n 'iil'Eaiii ig. in a lrve lopi ug Cotn:ry:
 
A Doub l ;e clc t iv it.y l'xtndod Human Cap it:a . Approach
 

In this paper we study (he determi nant.s of earnings for adult 

women in an urban area of a develop11ng country, and m..ike a nutiber of 

contributions, We add to the very limited evidence about the impact
 

of selectivity bias in estimates for developing countries,' by con­

sidering not only selective labor force parLicipation, but also selec­

tive report of earnings. We use a broader definition of human capital 

than often is the case by including health and nutrition in addition 

to education and experience. We investigate the possibility of sexual 

discrimination. We consider labor market segmentation, which is 

widely hypothesized to be a critical feature of developing countries. 

Finally, we investigate the impact of varying family statuses and 

child care responsibilities on the shadow wage of women, given that
 

these responsibilities are more frequently fulfillea by adults from
 

extended families aad by older children, and given the greater
 

possibilities for on-the-job child care in the informal sector of the
 

labor market than in more developed economies.
 

This study is part of a large, multiyear, international, inter­

disciplinary project, the purpose of which 
is to gain better 

understanding of the social, demographic, and economic role of women 

in developing countries. The primary data base is a random sample of 

4104 women in the developing Central American country of Nicaragua; 

they were interviewed in 1977-1978. This sample is one of the few 

available for women in developing countries that includes current and 

retrospective integrated economic, demographic, and sociological 
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informLttion for all dteg roee of *rlanizaton in a o.y.2 I al no 

include. data onl a huamls.1pi of IMtItChed finters, which onables u,9 to 

control for childhocd and adol e:cont background bot:etr than has been 

possible heretofore for large socioeconomic samples from developing 

countrics.3 

In tle present study we focus on 1247 women who reside in Managua. 

Managua is the capital, and the most commercialized part of the 

country; its 500,000 inhabitants constitute almost a quarter of the 

country's total population. To explore possible sexual discrimination 

we also consider 643 men who live there. 

We utilize a statistical model that extends lieckman's 124J treat­

ment of selectivity, and relies on the formulation of the choice pro­

cess as a trichotomy, with selection made sequentially. It enables us 

to resort to a computationally tractable, consistent estimation proce­

dure which reduces the problem to the level of simplicity of the
 

single selection treatment, involving univariate probit analysis and
 

linear regression. A detailed discussion of the statistical model and
 

of some alternative estimation procedures can be found in Tunali, 

Behrman and Wolfe [34]. 

We begin by laying out the model, paying particular attention to 

the treatment of selectivity. Next, we present empirical results of 

the selectivity equation. In Section 2 we discuss empirical results 

with additional human capital determinants in the earnings equation. 

Sexual discrimination is discussed in Section 3. Pluralism as the 

breakdown into segmented labor markets is the focus in Section 4. 

Family status and child care are discussed in Section 5. Conclusions 
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fo Ilow. The e,'e utiial elomenti; of the ntati.ntical ,sth1h)ologyare 

included in the appendix.
 

1. DOUBLE SELECTLVTY 

We begin with a standard model in which 1n earnings depend on for­

mal education and linear and quadratic terms in experience. We note
 

that the employment conditions in urban areas in Latin Anerica such as 

the one from which our sample is drawn apparently satisfy at least one 

of the assumptiong of nost models of labor force supply better than do
 

the conditions in labor markets in the United States: that hours
 

worked can be adjusted to equate the market wage and the shadow wage
 

(e.g., Heckman [26]). Casual empiricism'suggest3 that there is much
 

more flexibility in hours of employment in the labor markets that we
 

study than is the case for most samples used from the United States
 

and other developed economies.
 

Regression 1 in Table I is the OLS estimate of this basic ln earn­

ings function for tl-, 535 aomen in our sample who participated in the
 

labor force and reported earnings. Under the necessary assumptions
 

for such an interpretation,4 the estimates imply a fairly high return
 

to women's education--13%--and a significantly nonzero linear return
 

to experience.
 

However, the estimates in this regression may suffer from two
 

types of selectivity bias. First, there is the frequently analyzed
 

question of labor.force participation, or "work inclination." Of the
 

1247 women in our sample, only 579 participated Zn the labor force. A
 

second possible selectivity problem that is generally ignored has to
 



Table I
 

Various Earnings Functions 
for Men and Women for Managua, 1977
 

Selection Variables 2
 
Sample Education Experience Experience 2 Always in Labor Force Reporcing SpIle
Protein Days Ill Managua 
 Participation Earnings 
 Constant Sire
 

1. Women 
 .13 .04 -.000 

4.58 .23
(12.8) (2.4) (0.8) 

(45.1) 525
 

2. Women 
 .15 .09 
 -.002 
 .52 
 .45 3.77
(13.1) (4.5) (2.9) 
5
 

(3.9) 
 (0.9) (15.3) 525
 
3. Women 
 .14 .09 
 -.002 .19 -.003 
 .26 .54 -.04 
 3.51 .27
(12.9) (4.5) (2.9) (2.1) (1.9) (3.7) 
 (3.8) (.2) (11.7) 535
 
4. Men 
 .13 .09 -.002 .31 
 -.003 
 2.65 14.03 3.94 .n
C8.9) 
 (3.9) (3.5) (3.9). (1.4) 
 (2.6) (1.9) (10.0) 6:0
 
5. Women 
 .15 .i0 
 -.001 .16 -.005 
 .50 --.
66 3.c9
and Men (18.3) (9.0) (6.5) (2.6) 

.37 -­
(3.) (4.2) (1.4) (13.4) 1115
 

6. Women, 
 .17 .06 
 -.001 .10 -.002 
 .21 .43 -.18
Formal Sector (4.8) (2.5) (1.4) 3.75 .25
(0.8) (0.6) (2.4) 
 (2.2) (0.5) ( 7.3) 
 13
 
7. Wom-en, 
 .00 .15 
 -.003 .47 -.004 
 .22 1.12
Informal Sector (0.) (3.3) (2.6) (3.2) (1.6) 

-.03 2.20 i
 
(1.8) (2.6) (0.1) 
 ( 2.9) 231
 

8. Wo-nen, -.00 .02 -.000 
 -. 13 .002 -. 14 
 .10 -. 15 
 4.87 .03
Dcrestics ( 0.2) (1.3) (0.2) (1.0) (0.7) (1.1) 
 (1.1) (0.5) (14.3)
 

NOTE: For an extensive description of 
the data see Behrman, Belli, Gustafson and Wolfe (1979)
The dr;.endent variable is the and Behran, Custafaon aEd :ife (193).In of earnings in the previous two weeks in terms of 1977 cordobas (7 cordobas "--as
Ed-cation is meaqured by the highest grade of 1 U.S. eoliar).formal schooling completed. Experience 
is actual labor force expcrience innozz;'e nins years of schooling minus 6, nor years (an!related calculations).

nat-'nai Protoin is the percentage of protein requireea.: b inter­noris that is satitfied, on the average, per family rxevnb,r by -he previous week's diet. nays il! is the nunber .ays r:ssed
fror work or from other similar activity since thewo-I:1 who have lived all their lives in Manngua, and

previous Christ-.-s. Alw'iys in Xanaz.,a is a du-iy variable, with a value of0 for all others. The section variables are the inverses of the 
1 for 

for labor force participation and ills ratiosfor reporting earnings, respectively, thar are daC1Sss,,!in6-ectionsMen is a dummy variable with a value of 
I and 4 and in Lhe Ap-penix.I for men aod a value of 0 for women. Absolute values of the t-sta.istics in parent .:es. 
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do wiLh "rport inc Ii nat ion." Amio. g the 579 wonr in oiur samlple who 

participated in [ho labor force, only .535 r('pO)tcd earningn. InIena 

thos e reporting earnings cons tit.l.e a random samp le of the labor force 

participants , there will be a second source of bias. 5 

To substantiate this argument, consider thle following system of 

equations for the i t " individual in our original sample (we have 

dropped the subscript i to avoid notational clutter): 

_ IX/(1) Y1* - + U1 "work inclination" 

=(2) Y2 * -02 + U2 "report inclination" 

(3) Y3 3
= + 03U3 earnings
 

Here Xj is a vector of regressors, _ is a vector of unknown
 

coefficients, j 1,2,3 and 03 an unknown scale parameter. The resi­

duals U1 , U2 and U3 are assumed to have zero mean arid covariance 

matrix 

I P P13
 

P 1 P23
 

P13 P23  1 

YI* and Y2* are unobservables determining the subsample for which 

observations on earnings are available. Providing the "work 

inclination" of the individual is sufficiently large, he or she will 

participate in the labor force. Given that he or she is in the labor 

force, earnings will be observed if the individual's "report 
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inicliat l(lI" -I s trong enolugh. Til ividla l ; in the labor force may not: 

report a-.iniig:) either hecatklIe they are not eiipI oyed or beca.iie they 

elect not. to revpond t:o i nqiiiricn about earn ng:; in their interview. 

Introducing the I [chotoinou var iable, Yl and Y2 to indicate? the 

possible OutComeCS, this sequentjial ,;election process can be summarized 

as follows:
 

I if Yl* > 0 "work"
 

Y1 =
 
0 if Y1* < 0 "not. work" (4) 

=
1 if Y2* > 0 and Y1 1 "report" and "work" 

=
Y2 0 if Y2 * < 0 and Y1 I "not report" and "work" (5) 

unobserved if Yl = 0
 

=
We observe Y3 if and only if Y2 1, that is if and only if
 

YI* > 0 and Y2* > 0. (6)
 

Using the above representation, we can write the regression equation
 

of interest as
 

= = %_3X
 E(Y31 Y2 1) 3 + 
6 3(U3 Y2 ) (7)
 

- + 53E(U3 1 Y* > 0, Y2* > 0). 

Providing E(U3 1 Y3* > 0, Y2* > 0) Y.0, ordinary least squares
 

will result in inconsistent parameter estimates, or "selectivity
 

bias." Consistent estimation of the parameters of the earnings equa­

tion requires knowledge of the form of the conditional expectation
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>L(13 YI1 * > 0, Y2* 0), and h0.1eC th conditional di.'itribution of 

the error terin. Thi:i calln for impo. itag additional strictture onto 

the model*. One such structure in provided by the trivnriate normal 

specification, as shown in the appendix. This enablesi u to CeItimatc 

the unknown conditional expectation on the right-hand-side of equation 

(7) up to a constan: of proportionality, using the sample separation 

information. The constant of proportionality and the parameters of 

the earnings equation can then be estimated using linear regressioa. 

We 	 assume that the two selection nles are independent iti our ana­

=lysis (p 0).6 That is, we assume that the unobserved variables in 

the selection rule for labor force participation, such as unobserved 

market-rewarded abilities, are not correlated with the desire for pri­

vacy and other unobserved variables in the selection rule for 

reporting earnings. In the appendix, we show that when the two selec­

tion rules are independent, the stochastic version of equation (7) has 

the form 

Y3 " -bX-3 + c3P 13X1 + G3P 2 3A2 + W3 	 (8) 

with 	W3 as the residual term and
 

f(Bl' 	X1I) 

A1 = 	 (9a) 
1-F(	 1 'XI) 

f(09'Z2) 
=A2 	 (9b) 

where f(') and F(') denote the standardized univariate normal density 

and distribution functions respectively. Equations (9a) and (9b) are 
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the fa11111 itv~r till Variate ('XpI-0.S! iOlnt o" th(1 :'lecLion I iteralure , wh ich 

co be estimiat(d U.1ing I)'o) it analysis. 

In Table 2, probit 1 is a signif icantly nonzero relation for
 

selection 
 of women into the labor force. The significantly po, itive 

ef'ect of more education and the significantly negative effect of 

other income both are standard rcsults. The other estimates in the
 

aggregate probit 
 for women's labor force participation indicate corre­

lation in labor force experience and effects of nutrition, child care, 

and marital status that also are a priori plausible and that we 

discuss below in Sections 2 and 5, respectively.
 

Probit I in Table 3 is a significantly nonzero relation for selec­

tion on reporting earnings. Determinants include education, the 

7
linear and quadratic experience terms and nutritional status-­

positive effects of which probably reflect the fact that those who 

have more education, job experience and adequate diet 
are more likely 

to have jobs from which to report earnings (given, labor force 

participation). However, none of these effects is significantly non­

zero at standard levels.
 

Regression 2 in Table 
1 gives the estimates that are obtained when
 

the two selectivity 
terms are added to the core regression. The esti­

mates indicate that 
selection on labor force participation is
 

significant, but not that on reporting earnings. 
 The latter result 

suggests that reporting is random, although it may only reflect the 

weakness of our probit for the report inclinations. Comparison be­

tween regressions I and 2 suggests that selectivity bias in regression 

results in some underestimate of the positive impact of education I 



Table 2'
 

Probits for Labor Force Participation or Work Inclination
 

Variables 

(1) 

Women 

(2) 

Men 

(3) 

Wcmen 
and Men 

(4) 
Wcmen 

in Formal 
Sector 

(5) 
Women 

in Infornal 
Sector 

(6) 
oen 

in Dcrestic 
Sector 

Education .07 
(5.4) 

.07 
(2.5) 

.10 
(8.8) 

.26 
(13.2) 

-.07 
(4.6) 

-. 12 
(5.1) 

Experience .20 
(12.6) 

.09 
(4.2) 

.17 
(18.1) 

.12 
(5.7) 

.13 
(7.6) 

.08 
(3.0) 

Experience 2 -.005 

(7.8) 

-.002 

(3.7) 

-.003 

(11.7) 

-.004 

(3.8 

-.003 

(4.2) 

-.013 

(2.3) 

Protein .46 

(4.3) 
-. 14 
(0.6) 

.31 
(3.4) 

-.43 
(3.0) 

.10 
(0.9) 

1.22 
(7.5) N 

Medically preventable -.24 
(2.3) 

-.07 
(0.8) 

.15 
(1.1) 

Therapeutically treatable .37 

(3.5) 

-. 15 

(1.5) 

-.08 

(0.6) 

Other income -.43 
(7.5) 

-.1 
(0.9) 

-.51 
(10.2) 

-.19 
(3.1) 

-. 12 
(1.6) 

-1.99 
(8.6) 

Children under 5 -.60 
(5.1) 

.06 
(0.3) 

-.37 
(3.7) 

-.48 
(2.8) 

.10 
(0.8) 

-1.28 
(4.2) 

Home child care .34 
(2.9) 

-.13 
(0.6) 

.22 
(2.3) 

.29 
(1.7) 

.09 
(0.7) 

.81 
(2.6) 

Single -3.60 
(0.4) 

4.62 
(0.6) 

-.48 
(0.0) 

Previously accompanied 2.30 
(0.3) 

-4.18 
(0.6) 

4.02 

(0.1) 



Table 2--continued
 

()" (2) (3) (4) (5) (6) 
Women Women 

Women in Formal in Informal in Doestic 
Variable Women Men and Men Sector Sector Se:to: 

Constant -1.49 .57 -1.32 -.34 -1.72 -5.58
 
(7.9) (1.3) (8.1) (1.3) (2.5) (0.4)
 

2*La Likelihood Ratio 418.3 22.4 814.1 307.8 190.7 286.9
 

Sample size 1247 643 1S90 1247 1247 1247
 

No. participants 579 601 1180 203 257 119
 

NOTE: Medically preventable is a dunmmy variable, with a value of I if the individual ever has had such a
 
disease and 0 otherwise (so is therapeutically treatable). Other income refers to earnings from oth.er
 
household members who are working in the labor force, plus all nonearning income (including transfers).
 
Children under 5 is a durrnv variable, with a value of 1 if there are children under five and 0 oherwise.
 
Home child care is a y variable, with a va'lue of I if other adults (e.g., extended family members) or
 
children over 14 are available for home child care and 0 otherwise. Single is a d-,v variable with a
 
valuc of I if the individual never has ben accompanied, and 0 otherwise. Previouslv acczranied is a
 
dummy variable with a value of I if the individual is not currently occompanied tut has been previously
 
(and currently is separated, divorced, or widowed), and 0 otherwise. Other variables are cefin.d in
 
Table 1.
 



Table .3
 

Probits for Reporting Earnings for Men and Women in Managua, 
19 7 7 a
 

0) (2) (3) (4) (5)(6) 

Women Women 

Variables Women Men 
Women 
and Men 

in Formal 
Sector 

in Informal 
Sector 

in Dv=estic 
Sector 

Education .04 - .10 .07 .03 -.02 -.06 
(1.5) (0.1) (2.8) (0.4) (0.4) (0.5) 

Experience .04 -1.70 .03 -. 13 .07 .15 
(1.3) (0.6) (1.5) (1.3) (1.6) (0.7) 

Experience2 
-.002 .029 -.000 .002 -.003 .000 
(1.5) (0.4) (0.1) (0.7) (1.8) (0.0) 

Protein .31 -4.44 .25 .34 .08 1.93 
(1.5) (1.0) (1.4) (0.5) (0.2) (2.3) 

Days ill .01 .07 .01 
(1.3) (0.4) (1.2) 

Medically preventable .91 -. 12 .42 

(1.6) (0.5) (0.8) 
Therapeutically treatable -.70 -.21 -1.23 

(1.6) (0.8) (1.7) 

Always in Managua .18 -. 24 6.02 
(0.4) (1.0) (0.1) 

Other income -.03 -1.36 -. 13 .13 -. 12 -2.16 
(0,2) (0.1) (1.3) (0.5) (0.6) (1.5) 

Children under 5 .42 5.03 .70 3.90 .50 2.12 
(1.3) (0.7) (2.6) (0.0) (1.3) (0.0) 

Home child care -.15 2.90 -.26 .57 -.22 -2.00 
(0.5) (0.3) (0.9) (0.0) (0.6) (0.0) 



Table 3--continued
 

Variables 

(1) 

Women 

(2) 

Men 

(3) 

Women 
and Men 

(4) 
Women 

in Formal 
Sector 

(5) 
Women 

in Informal 
Sector 

in 

(6) 

oeStic 

Single 

Previously accompanied 

Median neighborhood income 

Neighborhood population 
density 

.03 

(0.5) 

-.00 
(1.2) 

1.39 

(0.1) 

.22 
(1.5) 

.04 

(0.5) 

-.00 
(0.7) 

-­1.05 

(0.0) 

-3.05 

(0.0) 

.00 

(0.0) 

-.01 
(1.4) 

.53 

(0.0) 

-2.83 

(0.1) 

.67 

(1.0) 

.00 
(0.1) 

33.C9 

(0.1) 

-4.55 

(0.0) 

.09 

(0.8) 

.00 
f0.2) 

Age 

Number of siblings 

Both raisers 

.00 

(0.1) 
.38 

(0.7) 
-.01 

(0.7) 
.04 

(0.9) 

-.11 

(1.3) 

.06 
(0.1) 

.01 

(0.4) 

-.11 

(2.9) 

.26 
(1.0) 

-.07 

(1.4) 

-.03 

(1.0) 

1.23 
0I.8) 

Constant .53 
(1.1) 

14 .4 
(0.4) 

.73 
(1.6) 

5.39 
(0.0) 

3.07 
(0.1) 

-28.3 
(0.0) 

2*:n Likelihood Ratio 17.2 14.0 37.4 28.2 20.1 24.4 

Sample size 579 601 1180 203 257 119 

Number reporting 535 600 1135 193 231 Iii 

aThe first 13 variables are defined in Tables 1 and 2 above. 
 The additional neighborhood and family
background variables generally are self-explanatory. Both raisers is a dummny variable with a value of 1

if the individual had two adult raisers (e.g., father and mother 
or soine combination of parents, step­
p-rents, other adults) during childhood and 0 otherwise.
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and 	 of txlpr iience--pairtiiiculirly the initinl years; of expel.r ince--on 

women'n earn i igi, 

2. 	ADDITIIONAL IIIIHIAN CAI ITAL )EITEIZAHNANTS: IlEAl/Ili, IUTRTE[ON,
 
AND MiG RATORY STATUS
 

The 	 literature for the developed countries heavily cmphasizes 

human capital investments in education and experience in the determi­

nation of earnings. For the developing countries, however, einphasis 

has 	 been equally gre.-;t on other factoes, particularly on health, 

nutrition and migratory status. Leibenstein [29] and many others have 

posited that poor health 
and nutrition status cause low productivity
 

8
and 	low earnings for many in the developing countries. Migration is
 

often viewed as a form of investment in order to obtain higher wages
 

(e.g., Harris and Todaro [23]).
 

To our basic double selection ln earnings model, we add variables
 

that represent health status (days ill) and nutrition status (family
 

protein intake per capita). We do not investigate in this paper the
 

returns to migration (see Behrman and Wolfe [17]), but we do see if
 

the 	earnings function shifts for women who have always been in
 

Managua. A priori, 
we might expect such women to receive higher earn­

ings, ceteris paribus, than immigrants because they have better con­

nections with 
a labor market in which personal contacts are very
 

important.
 

Regression 3 in Table 1 gives the resulting estimates.
 

Protein input has a significantly positive impact on women's earnings,
 

just as on their labor force participation and their reporting of 

earnings. Clearly, this dimension of nutrition seems to be important 
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li-.sevverai athroi h rn.hle.ch ieI. e ti.mat:ed coeffic ient for ill ne s in 

negat ive, as expoct:ed, but not quite significaintly non. ero nt standard 

levI. l q. FinalJl.y, t1hone women who alwayn lived in havehave Mang'i.i a 

signifi cant earnins increment, presiumably either for the re;n,;ons that 

we discuss above or because thin variable reprenents a baccgroun d of 

higher socioeconomic sLatus. Thus these estimates support the incor­

poration of a wider spectrum of human capital for the developing
 

countries than is often done for the developed ones.
 

3. SEXUAL DISCRIMINATION
 

A number of observers have claimed that 
sexual discrimination is
 

rampant in labor markets of developing countries (see Burvinic [21]).
 

We explore this question by estimating our extended double selection 

in earnings model for men (Table 1, regression 4) and for women and 

men combined (Table 1, regression 5; che variable for always living in
 

Managua is not available for men and is excluded).
 

A variable-by-variable comparison across 
regressions 3, 4, and 5 

suggests some interesting possibilities. The returns to education, if 

anything, appear to be higher for women than for men--perhaps because
 

relatively few women have much education and 
labor markets are
 

somewhat segmented by sex. For nutrition, the returns are higher for
 

men. The pattern of the coefficient estimates for family protein
 

intake per capita may reflect that the men tend to 
have jobs in which
 

there is more pay-off to strength, or that they obtain a better than 

average share of the household food, a common pattern in traditional 

societies. 9 Also of some interest is the fact that selectivity in 
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terms of labor force participation apparently is important for men as
 
10


for women.well 	 as 


To test for differences between earnings functions for men and
 

women we conducted F tests for the set of variables in regression 4, 

and found that there is indeed a highly significant difference. In 

another formulation, we also included a dummy variable for sex (male) 

on combined run: The coefficient was approximately 1 and significant 

at the 1% level. On average, thus holding these other factors constant, 

men earn more than women. We conclude, therefore, that there is significant 

evidence consistent with discrimination against women in the form of lower 

ln earnings. 

4. PLURALISM 

A long-acknowledged characteristic of many markets in developing
 

countries is fragmentation, or pluralism. Systematic treatment of
 

such pluralism dates back at least to Lewis's [30] seminal article on
 

dualism.
 

For our study we divided the Managuan labor market into three
 

sectors: (1) a formal sector, in which there are implicit or explicit
 

ongoing wage contracts, usually defined working hours, often explicit
 

formal fringe benefits such as social security, and often large-scale
 

employers; (2) an informal sector, in which there are no contracts nor
 

benefits like social security; here the production units are usually
 

small, and often operate out of the home, on the streets, in open
 

markets, or in other transicory quarters, frequently with many family
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workers; (3) a domestic sector, in which women work in houscholds at 

domestic tasks, often receiving room and almost always board as part 

of their payment. 

In our nannple we have 203 women who are in the formal sector, 257 

in the informal sector, and 119 in the donmistic sector. We are 

interested in what deterni.nes selection into a part icular sector and 

whether or not the returmis to various human capital variables differ 

across sectors. We estimate our extended double selection model for 

each of these groups, redefining the first selection to refer to selcc­

tion into a particular sector instend of into the undifferentiatec 

labor force. Probits 4,5, and 6 in Table 2 refer to this selection. 

Probits 4,5 and 6 in Table 3 refer to the inclinatioi to report earn­

ings in the three sectors, respectively. Regressions 6,7, and 8 in
 

Table 1 are the estimated double--selection In earnings functions for
 

the three sectors.
 

Examination of these relations leads to the conclusion that there 

are significant differences among the three sectors. In general, the 

double-selectioi In earnings function is substantially more consistent 

(using the adjusted R2) with variance in In earnings in the relatively 

commercialized formal sector than in the other two, and somewhat more 

consistent with In earnings variance in the informal sector than for 

domestics. 

On a variable-by-variable basis there are some interesting pat­

terns. Average educacion ranges from_7.5 years for women in the for­

mal sector to about 3.6 year, for women in the informal and domestic
 

sectors. More education increases the probability that a woman is in
 

the formal sector--as opposed to being out of the paid labor force;
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informal sector and domestic employment are less likely than nonpar­

ticipation for the more educated. The returns to education in terms 

of earnings are also much higher in the formal sector than in the 

other two--and, in fact, are not significantly nonzero for the infor­

mal and domestic sectors. 

Labor force experience varies from an average of 10 or II yearn 

for women in the domestic and formal sectors to over 17 for those in 

the informal sector. The combination of -he linear and quadratic 

labor force experience terms increases the probability of labor force 

participation in one of these three sectors as opposed to being out of 

the labor force. Among the three sectors, greater experience points 

toward a lower probability of being a domestic. In terms of earnings, 

the highest returns to experience are in 'the informal sector wifih the 

formal sector next, but there is no significantly nonzero effect for
 

domestics.
 

A better nutritional state, as represented by family protein
 

intake per capita, appears to lead to higher probability of selection
 

into the domestic sector and out of the formal sector, as opposed
 

either to nonparticipation in the labor force or participation in the
 

informal sector. This result is at first glance somewhat surprising;
 

it is explained in part by simultaneity or reverse causality for 

domestics, who have relatively good diets because they receive board
 

in the generally higher-income households in which they work. For
 

them, for example, the average protein index is 18% above the average 

for the other two sectors. In terms of In earningn the returns to 

nutrition are significantly positive only for the informal sector. 

This is probably because domestics tend to receive relatively good 

diets, as we note above, and formal sector workers tend to be well
 

enough off to be above the threshold of gross malnourishment.
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The health varijib c.I -Ippear to have ;oilowhlat of a differeii[al
 

impact acrons tne:torn hayd.11 d:i.;)I,: : in: prevwnt ,
.2(a a that ille by 

medical measur:,; (e.g., vaccinnution) reduceq the i)robability of being 

in formal sector employment, _.S Op)o.Sed to bing Out of the labor 

force or in the doinest'ic sector. Those who report having had a 

diSea:e that is therapettLically treatable (e.g., high blood pres:nure) 

are more likely to be in the formal 3ector, as opposed to being a 

domestic in the informal sector, or out of the labor force. We expect 

that this pattern does not directly reflect selectivity among the sec­

tors so much as differential knowledge regarding the identification of 

therapeutically treatable diseases--knowledge in part acquired in paid 

or unpaid work activity. Coworkers and employers in the formal sector 

are likely to be better informed than are those in the other sectors. 

However, none of these disease categories nor a measure of days ill 

have significantly nonzero coefficient estimates in the sectoral In 

earnings functions (the negative coefficient for days ill for the
 

informal sector is closest).
 

Half of the women in the formal sector and 45% of those in the 

informal sector, but only 16% in the domestic sector, have always
 

lived in Managua. The domestic sector, thus, is dominated by
 

immigrants from smaller urban and rural areas. Always having been in
 

Managua has a significantly positive coefficient estimate only in the
 

In earnings function for the formal sector (and one about as large, 

but not quite significant, for the informal sector). The returns for
 

knowledge of the local labor market network (or having experience of
 

"higher quality" in Managua), therefore, appear to be greatest for the 

most formal sector. The former may seem to be somewhat surprising, if 
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on0 Nhl i teveq thIir: recru i tmnt on the bao in of quality rat h er thaI on 

the ba is of conlWctions tends to become more i mportanIt: in ii-K)re modern 

sectors.
 

The migration resu Its may re flect higher quality experience of 

thoce in the formal sect:or who always worked in Mannaguta. It may also 

reflect the greater availability of rents in the formal versus infor­

mal sector, which imay be distributed in the form of earning.t. Krueger 

(28] argues that such rents are quite important in developing 

countries. It seems plausible that they maiy be more concentrated in 

the formal sector in which education requirements, union membership, 

and other arriers to entry are much more likely to be effective. 

In the double selection In earnings functions for all three 

sectors, selection terms have significantly nonzero coefficient esti­

mates only for labor force participation in the formal and informal 

sectors.
 

Thus we firid some interesting patterns across the sectors.
 

Returns to education and to always having been in Managua are signifi­

cant only in the formal sector. Returns to experience are significant
 

in both the formal and informal sectors. Improved nutrition increases
 

productivity and earnings primarily in the informal sector. Domestics
 

are primarily migrants from other parts of the country. Some, of these
 

factors also affect the selection into particular sectors, as do
 

family and child care status. To these we now turn.
 

5. FAMILY STATUS AND CHILD CARE
 

The literature on women's labor supply for developed economies
 

places great emphasis on the opportunity costs of married women in
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terms of houtnJrhold produ ct( io.n, ic:ir.lalrly whre carechild r's:pon­
sibiliLi.i are involveI. A priori, ,such con'ni deratl :on1 nee,wo ild to 

need mod i fcioni ol for de v( loping cotint'ri C:; , he cau-e conI it ionsa cli fer. 

The preence of other adults in extended fatimi[lies, of older children, 

and of domestic employees mean;S that the opportunity costs well may be 

less. There would, however, seem to be significant differences among 

sectors, in that on-the-job child care is often a possibility in the 

informal sector, but not in the formal sector. Moreover many
 

domestics sleep at their 
employer's, and allowed toare keep neither 

their companions nor more one twoany or than or of their children
 

with them. For these 
 domestics, the opportunity costs of employment
 

in terms of child 
care and family interaction may be quite high. 

Finally, many families 
are so poor that women may participate in the
 

labor force no 
 natter what the opportunity costs are in terms of child 

care, in hopes of keeping the family ofout extreme poverty.
 

The probits on labor force participation in Table 2 shed some
 

light 
on these issues. Probits 1 and 2 refer respectively to women
 

and to men. The presence of 
children under 5 significantly reduces
 

the probability of women 
participating in the 
labor force and the pre­

sence of home child care alternatives 
in the form of other adults or
 

older children significantly increases 
this probability. Neither of
 

these factors has a significantly nonzero impact on the labor force
 

participation of men. Thus this aggregate pattern is similar to that
 

found for women and in
men more developed, countries, although home
 

child care is more widely available from other adults in extended 

families and olderfrom children. 
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Prohi tn 4, 5 and 6 refer to wmn'ii labor force part ic i lpntioi in 

forimaIl , inf'o rmalI , atin dome: Lic nec orto,n, ren1)c t i ve I y. Thene dis aggre­

gate relal.ions have .everal. into reting Ceaturen related to family 

stat'hi and child care. The preoqonce of children under 5 particularly 

lowers the probability of participAting in the domestic sector, as we 

expected; it: also lowers the probabili.ty of participating in the for­

mal sector because child care provisions are absent, and it is 

impossible to combine work and on-the-job child care in that sector. 

In contrast, the impact is not significantly nonzero for pa i, ation 

in the informal sector, also as we expected. For the same reasons, 

the impact of home child care is different across the three sectors; 

the largest impact is in the domestic sector and the smallest in the 

informal secto:.
 

Similar considerations might seem to underlie the impact of mari­

tal status. But none of the marital status variables have signifi­

cantly nonzero coefficient estimates. However, having higher income
 

from a companion (or from other sources) greatly reduces the probabi­

lity of participation in the domestic sector and somewhat reduces that
 

of participation in the formal sector, since it lessens the need for
 

additional income.
 

Thus the standard child care and marital status effects on the
 

labor force participation of women are modified by considering the
 

different options among the three sectors, and by the more common
 

possibility of extreme poverty.
 

http:probabili.ty
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6. CONCLiS ION 

We have gaioed many i nghi):ln into the factors determining labor 

force particilpat:ion and In earn ing; for women in tile major metropoli­

tan area of a developing coutiry. We have considered the pos.;ibility 

of double selectivity for 11 earnings estimates. Selectivity in 

regard to labor force participation may be important, but that in 

reporting earnings is generally not. 

We have extended the Standard human capital considerations to
 

include factors beyond formal education and experience. Nutritional
 

intake, especially of protein, has significantly positive effects on
 

earnings of both men and women in tile aggregate, although it is 

somewhat larger for the former. Health has a more marginal negative 

impact on women's and men's earnings. These results suggest that poor 

nutrition and health lower productivities and earnings for many adults
 

in our sample. Programs that led to better diets for the poorer mem­

bers of the society, therefore, would have some pay-off in terms of 

increased productivities and greater equalization in the distribution 

of earaings. 

We have explored the possibility of sexual discrimination and have
 

found that women receive significantly lower returns from the various 

human capital investments than do men. 

We have found evidence that the presence of small children has a
 

negative impact on the probability of labor participation of women,
 

but not of men. However, this effect is offset in many more house­

holds than is the case in developing countries by the presence of 

other adults in extended families or of older children who fulfill 

home child care responsibilities.
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Lhotii are vdI di.,(, IlyMany of e offect.I i.1ttliiii i or moI if fi 11 ly , 

cons iderat iLon of the plural iit ic ital.ure of Lhth labor ialrket. 'Th1e 

returtin to woien's odtication are large for selectioi, into and earn ings 

in the formal sector, but not elh;ewhere. I(nowledg,,e of a local labor 

market, net.work may als]o be rewarded Imlore ii,) that sector. The retnrnsj 

to experience also are significant in the formal sector, but are even 

larger in the informal sector. The returns to better nutritional (and
 

perhaps heallh) staLus arLe greatest in the informal sector, since
 

women in the formal sector tend to have above-minimal nutritional 

levels and health standards owing to higher family incomes, and those
 

in the domestic sector tend to be above such standards owing to food
 

and care provided by their employers. Extreme poverty, in the form of
 

low income from other sources, tends to dcive poorer women to par­

ticipate in the domestic sector. Child care needs and the 
lack of
 

home child care alternatives lead to selection out of the labor force,
 

but particularly out of the formal and domestic sectors, since on-the­

job child care is generally a possibility in the informal sector.
 

An developing countries, women play a large role in determining 

the current income distribution and in shaping the conditions under 

which the next generation is being raised. Even leaving aside 

questions of efficiency, productivity, and equality of opportunity for 

the present generation, therefore, in casting light on the factors 

that may affect their labor force participation and their earnings, we 

are providing information that is directly relevant to a critical
 

policy area.
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APPEND IX
 

In th is appendix, the problem of ev;t imation under two samp le
 

selection rules is tackled wi(hin a mi.s; ing data framework, with the 

truncated norma]l distribution providing the distributi onal 

specification. Our approach is based on an extension of leckluan's 

[24] model and relies on the formnulation of the choice process as a 

trichotomy, with selection made sequentially. The qualitative struc­

ture of our model generalizes Amemiya's [2] univariate sequential 

unordered normal model by accounting for possible dependence between 

the two selection rules. CaLsiapis and Robinson [22] treat the 

prcblem in essentially the same manner, and arrive at our constrained 

model through a direct extension of lleckman's two-step procedure.
 

Poirier [321 analyzes a slightly different two-selection problem, 

where two individuals facing the same choice set arrive at separate, 

possibly interrelated, but individually unobservable decisions, the 

joint outzome of which takes the toita of a dichotomous observable 

variable. 

We begin by reproducing the model in the text. For the
 

ith individual in our original sample we have:
 

= - '
 A I
YI* 11 + U1 "work inclination" (Al) 

Y2* = 0921X-2 + U2 "report inclination" (A2) 

Y3 = .03'X + G3U3 earnings (A3) 



25
 

where X .i, a vector of rcre,~joru, It ia a Vctor of unknown coef­-I..j 

ficicnts a d (1((3denot es a scale i)traetLer. The re;si(Iual n are asumed 

to be normally distrihluted wit.h zero mean and cov riance matrix 

l p P13
 

11 P23 

1- P1 3 P2 3 j 

Our man-in ob:ective is to estimate the parameters of equation (3), 

with the unobservable continuous random variables Yl* and Y2* deter­

mining the subsample (or selecting individuals) for which complete 

observations satisfying equation (A3) are available. Using the dicho­

tomous variables Y1 and Y2 to indicate the outcome of the selection 

processes in equations (Al) and (A2), we can classify the individuals 

in the original sample as follows:
 

1 if Y1 * > 0 "work" 

YJ = (A4) 

0 if Y,* ,< 0 "not work" 

= 1 if Y2* > 0 and Y1 1 "report" and "work" 

=Y2 = 0 if Y2* I, 0 and Y 1 "not report" and "work" (A5) 

=unobserved if YI 0 

=We observe earnings (Y3 ) if and only if Y2 1, that is if and only if: 

>Y,* 0 and Y2* > 0. (A6) 
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Uinder ue! ct.tion ru l.e, (Ali) ind (W), prob.bi Ii I.y I that Lhe 

ti , individlual. will fall. into th jtil i",I)i'Ifl)p l is, givell by: 

I I 
= =P1 I Pr(Y1 0) = Pr(Y* < 0) - Pr(11 < -fl ) l-F(O. ) (W7) 

= = =
P Pr(Y 0) Pr(Y* > 0 Y* < 0) 08)
2 2 1 '2 ( 

-I I I 

Pr(U 1 > U2 < -1!2?2) G(iIXI, -2-2; P) 

= = =
P3 Pr(Y 2 1) Pr(Y* > 0, Y* > 0) (A9)
 

I I I I 

x= Pr(U > -_X , U > -a2X) __2 ; P)
1 -1-1 -~ 2X;p
2 '-2-2 2 -3


where F(') and G() denote the standardized univariate and bivariate
 

normal distribution functions respectively. Note that the par­

titioning of the original sample is indeed complete:
 

3 ' , 
E P. 1 - F(_ ) + G( , p) + GOX 02X2 ; p)

j= lj _ .2-X...- 1- - ­

i i 

1 F(agX + F(IX1 ) I1- I ) 

Equations (A7) aud (A8) contain all available information for the 

individuals who do not work and for the individuals who work but do 

not report, while as for individuals who work and report, in addition 

to (A9), the dependent variable Y3 , earnings is observed. Under our 

trivariate normal specification, the probability density function for 

Y3 is given oy: 

Y S I 
3(y = 1 A 2 X21--B1-I h(U 1 I  3 )dU dU 

3 -3 -3 2 1 2 
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where h( ) deoote the trinriinate dn; ity for U, 1iid I i,i defi ned in 

(A9). Denoting Iie uh. ;aiple of those who do not wot'k by SI , tlone 

who work but do not report by 2 and thoe who work and report by $3, 

the likelihood fulnction for the entire namp1e has the form 

S S 

L jt l FO • G(I31X, - p). (AI0)
1 S2
S 


I I 

1X 0 X-- f 3h(U,U 2
f -2-2 ,- l1- 1IU ,Z)dUdU 
S o3 123 12
 
3
 

where 

)
z3 13 Y3 -

The complicated nature of the likelihood function and the large number
 

of parameters to be estimated make the full information procedure
 

extremely difficult. With this in mind, we now turn to a com­

putationally simpler two-step procedure in the spirit of Heckman [24].
 

The sequential selection process partitions the original random
 

sample into three mutually exclusive nonrandom subsamples, containing
 

those with YI = 0, those with Y2 = 0, and tlhose with Y2 = 1. Since
 

S3 consists of individuals for whom Y3 is observed, the regression
 

equation of interest may be written as:
 

E(Y3 1 Y2 " 3X 3 (U I)01) + Y2 (All) 

S+G ECU * > 0, Y2* > 0).-3-3 3 3 1 2 



HeceI, providintg F( 3 I YI* > 0, Y2* > 0) 1: 0, ordiinary lenLt 

squaren w.il I remiulL in incon,s t.:1: p a'mete r eiitimntn or('i: , 


"o;.,.cet. iviLy bit.," We utilize the normality :atiUlI:ioiu o rewrite
 

the comditionol expectation on the right hand s ide (cf. [27J, pl) . 86-87) 

as: 

* I 

E(U * > 0, Y2* > 0) -> -2 2) (A12) 

3 1 '23 1Ui1 >~ 1 'U2 -2­

= P13.2E(U I > CI ,U1 U2 > C2 + 

P23.1E(U2 UI > Ci , U2 > C2) 

where C. =-51X. 1,2 and
 
- --iP 

p..- = j -P/2
P i kPjk 

The two expectations on the right hand side of equation (A12) may in
 

turn be expressed as (c.f. [33], p. 406)
 

- E(Uj1 U1 > C, U2 > C2 ) - 1 (C2 )[I-F(C*)] + Pf(CI)(1-F(C*)] (A13) 

E2 E(U2 1U > cis U2 > C2 L( )(1-F(C-1)] 4+Pf(C 2)(1-F(CQ*j (A14)1 

where
 

-C1 pC2 

C- PC1
 

2[ P27j-1 
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In view of (Al13) and (Al 4)3 eq a tion (All) i, hi gl lIy nonL Ii nar. A! a 

convenient tihort cut, wo first expl.oit: the qul i ta ive ntructture or 

tile model to obtai n Ctimates of EI and ', and then substitute the 

enthmated valu,,es of the conditional expectations ioto equation (A12) 

to obtain esLimates for Lhe remining parameters of (All) using linear 

regression. We now describe the two steps explicitly, first for the 

= 
original model, then for a constrained version with p 0. 

TWO-STEP ESTIMATION - TE UNCONSTRAINED MO)DEL 

(1) Maximum Likelihood Estimation: We utilize the sample separa­

tion information (that is, data on YI and Y2) together with specifica­

tion (A7) - (A9), and obtain the likelihood function 

1 , P) "7 I , P)L = i i! - F(3 1%1 • 7] (0 14'X f 2X2
; G(0 1 _X -2X 2 (A15)

° 

s2 S3S1 


our model.1
3
 

which depicts the qualitative structure of 


Subject to the identification condition that X1 includes one
 

variable excluded from X2 (see Tunali, Behrman, Wolfe [34), pp. 9-10),
 

p

maximization of (A15) will yield consistent estimates al'- 2 ' ,
 

hence C13 C C*, C* and P Substituting these into (A3) and (A14)
 

gives the estimated expectations E and E2
 

(2) Linear Regression: Inserting the estimated expectations into
 

thp stochastic version of (All) we get
 

Y3 .tao 3 P1 3 2 E1 + a3 p2 3 . 1 E2 + a3 V3 (A16) 

m _X + yiEl+Y 2 E2 + O3 

http:model.13
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(U a A 

where V.3 V3 +4. y(. - ) + Y2 (E 2 - I2. ,,id ':(v )i >1 1 3 0, Y* > O) ..0.
:31 3 1 12 3 1 1 2 

This iq Lhen fittd by Ii near (egre:onY3 on X3, and I forof E 


the individuals in S3 Coti iatency of the estimate, fo IlIow! from
 

Slutsl:y'. theorem.
 

Undker selection, the stnndard least squares estimator of the popu­

lation variance for Y3 (see [34], p. 8 for the exact variance) will be
 

inconsiatent, in view of the fact that
 

V(yY > 2 V(V3 0vY i) Var(Y )
3(Y1 Yl* 0' Y2* >'O) = V(V3 1YI > 3 3 

This implies that a3, p13 and p23 cannot be identified using the esti-

A A a 

mated standard error of the regression together with Y, Y2 and p.
 

TWO-STEP ESTIMTION - ThIE CONSTRAIINED MODEL (p = 0) 

We now consider a constrained form of our structural model, where
 

= 
we assume p 0. The assumed independence between the two decision
 

rules reduces the trichotomy in (A7) - (A9) to the normal unordered 

response model discussed by Amemiya [2], p. 366:
 

P 1 F( X) (A17)

-:-1
 

P2 [1 F(82X2)] F(_ IX) (A18)
 

P3 = F(-2X2) F( (A19) 

For this model, a two-step procedure for estimating the structure
 

would run as follows:
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(1) ?ItXiIII! .ik l ihol(). 1 111 io, ( , L A,.I_yt!,.) wi tLh ­, (A 7 ) 


(A19), lie likelihood function in (A15) Cavitortu, giving the tipecial
 

f nm:
 

* ( XI • I X I [ [ I - 1(_ 1 F(_I2 2 ) (A 

SI 	 "2 3 S2 S3
 

maximization of which is equivalent to doing two independent probit 

analyses, without any further loss in efficiency. The first maximiza­

tion involves the full sample, split on Y: 

U ! 

L= [1 F(O1X 1 H 1X1)- )I F(_3	 (A21)
S2 +S
SI 


and provides a consistent estimate of The second involves the 

subsample with Y1 1, split on Y2 

_1. 

I ! 

L* 	= jI [1 - F( 2X2 )] F( 2 X2 ) (A22)
2 S -2 S - ­s2 	 s3 

giving a consistent estimate for a 2"
 

The expectations in (A13) and (A14) reduce to familiar univariate
 

expressions
 

f(C 2) 

%1- F(C 1). 	 (A23) 

f(C (
)'2 "i - (C.)(A24) 
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cotll.;is;:ent .1ti ".aten for which can be calculated 1:;ing P-1 and I1 to 

construct CI ad C2 . Note that. e:s timatos of AI are obtained from the 

entire sample, while hidividtun It; that fall into S2 and S3 alone are 

uti.lizd to estimate X2 . 

(2) Linear Regression: Denoting those estimates of (A23) and 

(A24) by XI and X2 resipectively, we use linear regression on subsainple 

S3 to fit 

= - -3x 3 +Y3 '3p 1 3 l +' 3p 23Xl + 'Y'3 (A25) 

* A1-3-* + ' I+ X2k2 + °3W3 

where W V + Y*(X - A1) + Y*(2 - x2) and E(V >0 Y*>0) 03 
= 

3 1 1 1 22 231 '~l >' 2>)
 

as before. Consistency follows from Slutsky's theorem.
 

It can be shown that for the constrained model with p 0, 

+Var (V lY' > 0, Y* > 0) - 2 C x x 2 (A26)
3(2 1 3 _ P2 3 ) + P13 1-~ A6 

3C 2
%2 2)
+ P2 (U + C2A Al
 

withn 

0 < 1 + C.X. - X. < 1 j = 1,2 (A27)- J J J­

implying Var (V231 Y" > 0' Y> 0) 4 03 2). Denoting the standard least 

squares estimate of the variance at the second step by V(W3 ), a con­

sistent estimate for a3 can be obtained by rearranging equation (A26) 

and recalling Y2 3 P2 3 =3P13 : 
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A 12£2 2 1 ^2~ 
V(11) - 2 . '1 -' I - x~ 2 2 2~ 

3:;3 3 

IeLnts flher oslervltionn S3 This i5 

guaranteed to be positive in view of (A27). Consistent estimates for 
*^ *yAd 

P23 and P13 can now be obtained using Y2 , 1 and 03 

Finally, we consider the relationship of the constrained model 

with Heckman's single-selection set-up. The assumption of indepen­

dence enables us to treat the selection problem along the traditional 

where 'r3 thim of ini . estinte 

line, with two separate first-step probits that lead into a second 

step where we include two constructed variables along Heckman's lines 

to correct for selectivity in the regression equation. Note, however, 

that the sequential aspect of the selection process is preserved 

despite independence. In fact, the constrained model can be extended 

to account for any number of selection rules, providing selection is 

sequential and sample separation information at eac'Fi stage is 

available. Estimation under this specific kind of multiple selection 

will follow the lines discussed above. It should be kept in mind that
 

collinearity in the regression equation is likely to be a problem 

unless nonoverlapping exclusions are available in the selection 

equations. 

The limiting distribution of the two-step estimator for the 

constrained model can be developed along the line pursued in Heckman 

[25]. Given the expression for the exact. variance, extension of 

Heckman's [24] approximate GLS procedure to the multiple selection 

problem is straightforward. Note that this procedure does not utilize 

the relationship between the coefficients of X's in the regression 
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equ:tion and the ren idunta vari.ance. The rea:ulti g entimat:en :Ir not 

asympljtot icany erficient, and tHe gain in efficiency over the OL.S 

est imt,.nc is not: likely to be worth the comput:atioia uIoburden. 
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NOTES
 

IIn recent yearn there lint been a flood of estimaten of s;uch rela­

tions for women in the United States and other developed countries, 

with particular emphasis on the nample selectivity problem. Maddala 

[31] 	 and Walen and Woodland [35] provide surveys of this literature. 

2 We describe the siample in some detail in Behrman, Belli, 

Gustafson, and Wolfe [3] and Behrman, Cuotafson and Wolfe [4]. 

3 We use this special "sisters" feature of the data in Behrman and 

Wolfe [14, 15, 161. Other project studies that are completed or in 

process include Behrman and Wolfe [6, 7, 8, 9, 10], Blau [19, 20], 

Wolfe, Behrman and Flesher [36], and Ybarra [37]. 

4 These assumptions include the existence of near-perfect capital 

markets and the absence of important omitted variables that are corre­

lated with schooling. See Behrman, Hrubec, Taubman and Wales [5] for 

an extensive discussion and for evidence that the latter does not hold 

for white U.S. males. 

5Often such missing data are assumed to be random. For explora­

tion of alternative approaches to the randomly missing data problem, 

see Wolfe, Behrman and Flesher [36]. 

6The correlation between the predicted values of our selection 

variables in fact is quite low (0.14). 

7The coefficient estimate of the quadratic experience term is 

negative, but the total impact of experience becomes negative only 

after 20 years of experience, which is more than most: of the women in 

the sample have. 
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8In M-1-111:i1 and WoeI [I1, 12] e coil Iide r Lhe dtt rm i ntntn of 

he.l Li and nut-ition Matus. 

9The vecond, intrafam,ilial distribution po.-isibility is probably 

cons i:tent with some olher regressionn (which we do not reproduce 

here), in which we find evidence that religiout ly married women 

receive higher returns to the family protein per capita variable than 

do other accompanied (but not religiously married) women. In unions 

that are formally sanctioned by religious inarriages; the role of the 

woman may be stronger and she may receive a larger share of the better 

food than in other unions. Another interesting factor is that the 

data are collected by surveying women in this traditional society and 

women's responses may be affected by the'stability of their 

relationship.
 

10lowever this coefficient estimate is less robust under specifi­

cation change than are the other-. 

'iThe regression for women iF identical to that in panel 3 except
 

that the variable for always in Managua is dropped. The regression 

for the combined group is the same as in panel 5. If an additive 

dummy variable is included in addition, the F-test indicates no signi­

ficant difference. 
12While at first glance, it may appear that we should rank the 

sectors, and do a series of sequential choices, we do not see an
 

unambiguous way of carrying this out. Instead, we treated the choice
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problem involving selection into tihe three sectors separately, to be 

able to isolate the differential role of the selection variables in 

the three sectors. 
1 3Note that this likelihood function is different from that of a 

bivariate probit. In Tunali, Behrman and Wolfe [34] we further simplify 

the first step and reduce it to two independent probiLs, without constraining 

the model to the case where p = 0. For a discussion of this modified 

approach, see pages 11, 12, and 23 of [34].
 



38
 

[I] Amemiyn, T. '"Mu]tiva:,iate Rtegresnion and Simn tI;neoj[o EqnuaL'ion 

Model:; When the )eenldeint Var iablen are Trninca ted Normal," 

lcoo:motrjca (1974) 42:6, 999-1012. 

[2] _ : "Qua litative Response Models." Annals of Economic and 

Social 	 Mea.surement (1975) 363-372. 

[3] 	 Behrman, J.R., If.Belli, K. Custafson and B.L. Wolfe: "How Many? 

flow Much? The Determinants of Democconomic Roles of Women in 

a Developing Country Metropolis." Madison: University of 

Wisconsin, mimeo, 1979. 

[4] Behrman, J.R., K. Gustafson and B.L.. Wolfe: "Demoeconomic 

Characteristics of Women and Different Degrees of Uirbanization
 

in a Developing Country." Madison: University of Wisconsin,
 

-mimeo, 	 1980. 

[5] Behrman, J.R., Z. IHrubec, P. Taubman and T.J. Wales: 

Socioeconomic Success: A Study of the Effects of Genetic
 

Endowments, Family Environment and Schooling,. Amsterdam:
 

North-Holland Publishing Company, 1979.
 

[6] Behrman, J.R. and B.L. Wolfe: "Alternative Measures of Fertility
 

and the 	 Impact of Human Capital Investments in Schooling, 

Health and Nutrition in a Developing Country." 


University of Pennsylvania, mimeo, 1979.
 

[7] : "The Impact of Health and Nutrition on the 

Surviving Children in a Developing Metropolis." 


University of Pennsylvania, mimeo, 1979. 

Philadelphia:
 

Number 	 of 

Philadelphia:
 



39
 

[81 "A More General Approach to Fert i Ity l)terminat ion: 

Endngennuu; Pferenceen and NaLral Fru lity in n Developing 

Country." P'hiladcelphia: Univers ity of Pennsylvania, mimeo, 

1979. 

(9] " 'hild Ilealth and Nultrition Determinants in a Developing 

Country." Philadel'phia: University of Pennsylvania, mimeo, 

1980. 

(10] __ "The Demand for Nutrition in a Developing Country." 

Philadelphia: University of Pennsylvania, mimeo, 1980. 

[11] "Determinants of Health Utilization in a Developing 

Country." Philadelphia: University of Pennsylvania, mimeo, 

1980. 

[121 : "The Determinants of Schooling for Children in 

Developing Countries: Family Background, Number of Siblings, 

Sex, Birth-Order, and Residence." Philadelphia: University 

of Pennsylvania, mimeo, 1980. 

[13] : "Important Early Life Cycle S'cioeconomic Decisions for 

Women in a Developing Country: Years of Schooling, Age of 

First Cohabitation, and Early Labor Force Participation." 

Philadelphia: University of Pennsylvania, mimeo, 1980. 

[14] : "Parental Preferences and intrafamilial Allocations of 

Human Capital Investments in Schooling and Health in a 

Developing Country." Philadelphia: University of 

Pennsylvania, mimeo, 1980. 

[15] : "The Returns to Schooling in Terms of Adult Health, 

Occupational Status, and Earnings in a Developing Country: 

Omitted Variable Bias and Latent Variable-Variance Components 



40 

EltL iates 	 .' Ph i lade I ph i a: UniverniLy of I'ennnylvania, 

limeo, 1980. 

[16] : "Wage Rates for Adolt Family Farm Workers i i a )eveloping 

Country and h1uman Capi tal Tnvestmnents in HIealth aind 

Schooling." Philadtlphia: University of Pennsylvania, 

mhiteO, 1980. 

17]: "Women's Migration in a Developing Country and Human
 

Capital Investfents in Schooling, Health, and Nutrition."
 

Ma,.son: University of Wisconsin, mimeo, 1980..
 

[18] Behrman, J.R., 
B.L. Wolfe and D. Blau: "The Impact of Changing 

Population Composition on the Distributions of Income and 

Socioeconomic Status in a Developing Country.."' Madison:
 

University of. Wisconsin, mimeo, 1980., 

[19] Blau, D.: "On the Relation Between Chil'd Malnutrition and 

Giebwth 	 in-Less Developed Countries.," Madison:' University of.* 

l4isconsin, mimeo, 1977. 

[20] 	 ...... "Nutrition, Fertility and Labor. Supply in Developing 

0Gdont-ries: An Economic Analysis." Madison: Uniiversity" of-

Oisconsin, Ph.D. dissertation, 1980.. 

['21] 	 Burvinic, M.: Women and World Development: An Annotated
 

Bibliography. Washington: Overseas Development- Council,
 

1976.
 

[22] Catsiapis, g. and C. Robinson: 
 "Sample 	Selection Bias with Two
 

Selection Rules: An Application to Student' Aid: Grant's.." 

London, Ontario: University of Western Ontario, mimeo, 
1978..
 



41
 

[231 larrin, J.R. and M.P. Tlodnro: "Migration, IUn'mp loymient nnd
 

)evelopmntilii: A Two-Sector Anlilynin,'' Air,-ricnn Economic
 

Review, 60 (1970), 126-142.
 

[24] HIeckmkiian, .J.: "The Common Structure of Statistical Models of 

Truncation, Sample Selection and Limiteld Dependent Variab1es 

and a Simpler Estimator for Such Modelm," Annaln of 

Economic and Social M'nsu rement (1976), 475-492. 

[25] "Sample Selection Bias as a Specification Error,"
 

Econometrica, 47 (1979), 153-161.
 

[26] -.: "Shadow Prices, 
Market Wages, and Labor Supply,"
 

Econometrica, 42 (1974), 679-694.
 

[27) Johnson, N.L. and S. Kotz: Distribution in Statistics:
 

Continuous M61tivriate Distributions. New York: John
 

Wiley, 1972.
 

[28] Krueger, A. 0.: 
 "The Political Economy of the Rent-Seeking
 

Society," American Economic Review (1974), 
291-303. 

129] Leibenstein, H.: Economic Backwardness and Economic Growth, New 

York, 1957. 

[301 Lewis, W.A.: "Economic Development with Unlimited Supplies of 

Labor," Manchester School (1954), 139-191. 

[311 Maddala, G.S.: "Selectivity Problems in Longitudinal Data," 

A'nnales del'INSEE 30-31, (1978), 423-450. 

[32] Poirier, D.J.: "Partial Observability in Bivariate Probit
 

Models," Journal of Econometrics (1980), 12:2, 209-219.
 

[331 Rosenbaum, S.: 
 "Moments of Truncated Bivariate Normal
 

Distribution," Journal of Royal Statistical Society, Series
 

B, 23 (1961), 405-408.
 



42
 

[34] 'rina 1i, ..I. , ,J.R. alehIrmt.11.1,. Wo ' ( 1d1 , I-if icnt ion,and 


Et im,,it ion and 1'red i.ct ion tide r Dotible Se I ect ion." Pa)er 

presented to the Joint Stati.n tLical Meeting, Ilouiton, Texas, 

1980. 

[35] 	 Wales, r.j. and A. D. Woodland: "Sample Selectivity and the 

Estimation of Labour Supply Functions," Tnternat onal 

Economics Review, forthcoming. 

[36] 	 Wolfe, B.L., J.R. Behrman and J. Fleslher: "A Honte Carlo Study 

of Alternative Approaches for Dealing with Randomly Missing 

Data." Institute for Research on Poverty Discussion Paper 

#587-79, 	1980.
 

[37] 	 Ybarra, R.A.: La Estructura Occupational de la Fuerza de
 

Trabajo Feminina en Nicaragua, 1950-1977. Managua: Banco
 

Central, 1978.
 


