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Measuring the Effects of Schooling on Wages
for a Young Sample from Rural Guatemala

Michael M. Alba*

.o jor the laborer is worth his wage.
—Luke 10:7

Abstract

In order to measure the intrinsic effect of schooling on wages for adolescents and young adults
from four villages in Rural Guatemala, this paper estimates different wage specilications that have been
mw:l in the human capital Rterature. Successively accounted for are potential sources of bias in the

- ted coellicient of schooling, such as these arising from self-selectivity in the wage-earning sample
and from the omission of innate ability, family background, and the guality of schooling from the set
of wage determinants. The results show that when these potential sources of bias are treated, the rate
ol return to schooling i about 5.9 percent for the population of adolescents and young adults in these

villages,

"

1. Introduction

The relationship between educational attaimment and eamnings has been one of the most
widely studied and intensely debated subjects in economics. In this literature, perhaps
the central issue has been what to make of the universally observed correlation between
these two [actors. The mainstream view, as deseribed by human capital theory (Maglen
1990), maintains (a) that there is a direct causal effect running from schooling to wages
and (b) that this causality is due to increases in productivity that education confers
on the more schooled workers. But this contention is challenged by competing theo-
retical explanations. The screening model, for instance, claims that the correlation is
simply a spurious statistical artifact that arises because education serves as a signal for
innate ability, which is the primary determinant of productivity. On the other hand, the
eredentialist hypothesis, while allowing thal there may be an underlying relationship be-
tween schooling and wages, argues that this arises instead from the licensing or certifying
fanction that education perforins.

Un empirieal grounds, the inpact of schooling on wages, as estimated by the stan-
dard human capital eanings functions, has been called into question as well. Griliches
and Mason (1972} and Behrman and Birdsall (1983), for instance, point out that the esti-
mates of the standard lnman capital wage equation may be spurious because important
variables that are correlated with education, such as innate ability, family background,
and the gualily of education, are left unspecified.

Using data on adolescents and young adults from four rural villages in Guatemala,
this study attempts to measure the intrinsic effect of schooling on wages by estimating
different wage specifications that have been suggested in the human capital literature.
The wage regressions successively account for potential scurces of bias in the estimated
eoefficient of schooling, such as those arising from self-selectivity in the wage-earning
saniple and from the omission of innate ability, family background, and the guality of
schooling from the set of wage detenninants. The regression results show that when these
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potential biases are treated, the rate of return to schooling is about 5.9 percent for the
population of adolescents and young adults in these villages.

Following recent studies (Glewwe 1991; Boissiere ef al. 1985) which have attempted
explain the underlying correlation between education and wage rates through the cogni-
tive outeomes of schooling, this paper also estimates wage equations with cognitive test
soores as the indicator of human capital. In these wage egualions, when schooling is
not specified as a regressor, tesl scores on numerical aptitude, though not test scores on
vocabulary and reading ability, turn out to be weakly significant. When both schooling
(to measure the noncognitive returns to education) and the cogmitive test scores are in-
cluded in the set of wage regressors, none of the human capital regressors is signilicant
perhaps becanse the specification, with its longer list of explanatory variables, demands
more from the data set. To verify that schooling does affect cognitive outcomes, the
paper also regresses cognitive test scores on schooling (and other variables). The results
confirm that 5::I|{:|ulu|g is a very significant determinant of cognitive outcomes.

This study is organized as follows: In the next section, a shorl expesition of modern
human capital theory is provided, and important issues surrnumling the estimation of
the wage function are discussed. Sereening and credentialism are also summarized in a
subsection. Certain aspects of data collection and some features of the dala sel are then
discussed in the third section, In the fourth, the regression results are reported, and
their limitations and implications are discussed in the fifth section. The sixth section
summarizes the regression results and concludes the chapter.

1. Human Capital Theory: A Short Exposition
The idea that people invest in themselves in order to enhanee their productivity capacity
i5 as old as the classical economists. In The Weelth of Nations (1776, pp. 203-204),
Adam Smith had written:
[T]he wages of labour vary with the easiness and cheapness, or the difficulty
and expense of learning the business.
When any expensive machine is erected, the extraordinary work to be per-
formed by it before it is worn out, it must be expected, will replace the eapital laid
ottt upon it, with at least the ordinary profits. A man educated af the expense of
much labour and time to any of those employments which require extraordinary
dexterity and skill, may be compared to one of those expensive machines. The
work which he learns to perform, it must be expected, over and above the usual
wages of common labour, will replace to him the whole expense of his education,
with at least the ordinary profits of an equally valuable capital. It must do tlas,
too, in a reasonable time, regard being had to the very uncertain duration of
human life, in the same manner as to the more certain duration of the machine.
The difference between the wages of skilled labour and those of common
labour is founded upon this principle.
Prior to the 1950s, however, the work of human capital was directed at estimating
the worth of the capital resident in men? In his survey of this literature, Kiker [1966)
notes that economists and statisticians during this period developed methods hased one
of two approaches: the cost of production method caleulated the outlays incurred in the
production of a human being, net of basic needs and expressed in real terms, while the
EATTINES ¢ approach estimated the discounted value of a person’s stream urltl'eLJrue labour
income. The formulas derived were then used to estimate the value of a person’s life (in
order to assess compensatory damages for injury or death in court cases), the-hidden

Vindesd, the very first attempts ab this predates even Adam Smith himsell, and the eredit. peobably
goes to Sir William Petty for his work around 1691 (Kiker 1966).
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gt__s of war and migration (in the form of human capital losses), and even the wealth of
1S,

In contrast, the modern vision of human capital theory is a theory of earnings. Follow-
ing a discounted earnings approach, it maintainz that differences in earnings—or wages,
which is less affected by variations in the supply of labour—are due mainly to differences
in education and training, because the more schooled as well as the more highly trained
individuals are also the more productive workers.

Generally attributed to Becker {1962, 1975) and Mincer (1958, 1962, 1974), modern
human capital theory, like its old versions, had a strong empirical emphasis from the
start. Becker's work was motivated by the observation that the sustained increases in
real per capita meome since the 1800s could not be explained by the simple accounting
of units of physical capital accumulated and man-hours of labour expended (Schultz
1988; Hecker 1962, 1973); whereas Mincer’s sought to explain why personal income had
a skewed distribution when ability or intelligence was supposedly normally distributed
{Mincer 1958, 1974). But perhaps the primary contribution of modern human capital
theory has been that it provided (and continues to provide) the estimation of generic
wage functions with a theoretical framework as well as a regression specification, thus
spam:_igﬁ a vast empirical literature in its wake,

Briefly, the human capital argument went as follows: Treated solely as an investment
activity, schooling has opportunity costs in the form of foregone earnings and direct costa,
such as school fees, Thus, a wealth-maximizing individual who opts to stay in school for
an additional year must be compensated with higher annual earnings over his working
life. But in a competitive economy (at long run equilibrivm), higher earnings can only
be obtained with higher productivity, since workers are paid the value of their marginal
product. Therefore, if workers with more schooling have higher earnings, ceterts partbus,
it can only be because they are also more productive.

From this basic paradigm, Mincer (1974} developed what has come to be known as
the standard human capital wage function. This has the form

My = op + o S: + oaX: + 03 X + & 1

where nw; is the natural logarithin of the wage of the ith individual in the population,
£, is the number of years he has spent in school, X, is his years of work experience, and
e: 18 the disturbance term reflecting the impact of other factors. The coefficient «, is
interpreted as the private internal rate of return to an additional year of schooling, and
expenience is hypothesized to have a concave profile so that os > 0 and o4 < 0.

Equation (1) is a specification that pragmatically integrates Becker’s and Mincer’s
theories of investment, in education and post-schoaol training and some of the implications
of the dynamic human capital models (See Ben-Porath [1967], Haley [1973], and Wallace
and Thnen [1975], for example) within an econmnetric framework using cross-section data
To see this, one need only derive (1), which in discrete time may be done as follows:

Let Ey denote earning capacity, let ¥; stand for disposable income or earnings net
of the costs of investment in human eapital, and let I; be the investment costs—all in
period £, Assume that there is a base level of earnings, E, = ¥, paid to workers with no
schooling and experience. Then, earning capacity in year 1 may be given as

E; = ¥all + roks) (3]

where by = In/Fa is the proportion of eaming capacity spent on investment in human
capital in year 0 and ry is the rate of return on investment.
Based on (2), earning capacity in year 2 may be derived as

Ez = E(d + k) = Yall 4 roko)(L + ryky) 3




and earning capacity in year ¢ as

| t=1
Ee=Yo [0 # reke) = Yoexp (3 riks) (4)
i ]

ginee ™% 2= (1 4+ rik;).

Assuming that (a) & =1 and r;, = rg for i = 0,...,8 — 1, or during the period when
schooling is pursued full-time, and (b) s =r. and b, =a-bjfor j=0,.. .2 — l{z =t — 5},
during the working period,? the logarithmic transformation of (4) may be given as

B=1
In By =In¥p +ref 47y ¥ (- k)
F=0
r=1)
=In¥ + ref + ryax - rmb—ﬂ . (5)
By definition, actual {observed) earnings is the proportion of earning eapacity that
is not invested in the accumulation of human capital, ie.,

E = Ei_l::] — k‘_] e E-,tﬂ ~k {G]

where b, = 1fort=0,....S-1land bk =ma-bifor j=0,...,x-1x =t-35). Hence, (5),
the (unohserved) earning capacity equation, may be expressed in terms of the following
observed net income function

o
h1]'1=l::|n}"ru—ﬂzl+r"-:3+(rwn+ﬁI-IE--).T.'—-%'--I. (7

Eqmation (7} is the natural logarithm of earmings function for a single individual
at period ¢ of his life cycle. I taken for a cross-section smmnple of persons at a point
in time (with working hours held constant so that w, is a fixed proportion of ¥, (7) is
equivalent to (1) without the error term g ap = In¥s — o, o = 1y, 09 = rpa+ b+ o2,
and og = —r b2 Note that the derivation has also shown that (a) oy is the private rate
of return to education and (b) the signs of the experience coefficients give it a concave
profile.

A key point not often duly noted, however, is that in (1) it is assumed that the
rate of relurn Lo schooling is an exogenous parameter for the individual. If it is, then
the individuals marginal mtermal rale of return equals his average rate of return, amd
as a wealll-maximizing person, he would be indillerent between alternative levels of
educational investinents. But if so, this further implies that the overall distribution of
schooling s unallected by individnal decisions, so that schooling itself may be treated
as an exogenons variable® Thus, it is under the assumptions that the rate of return
to schooling is fixed for the individual and that £ iz a normally and independently

* A declining post-schooling & i ane of the results derived from life eyele models of optimal haman
capital acoummlation.

2 Indesd. Wilkis PIEGY argues Lhat an exopenons rate of retorn s eonEstent with the wealth-
maximizing framework and that under such an assamption Mincer's stamdard wape equation is more
properly interpreted as a statistical earnings Toonction thal relates the joint distributions of the observed
variahles (schooling and age) and wnobserved ndividual specific [etors, on the one hand, to the dis-
tribution of observed esrnings, on the other. Sclmitz (1988}, however, points out that it has been the
simplifying comvention to treat the level of schooling completed a2 being determined by the parents so
Lhat it 1= independent of the individual’s cloice set az an il
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} random variable with mean zero and variance #? that it is usually
: '_ta apply ordinary least squares {OLS) on cross-section data to estimate
of schooling and experience in (1).

il;he OLS-estimated coefficients of the wage equation may still be subject
2 of omitted variables and measurement errors. The omitted variables
. becanse systematic dillerences in wages may not be fully explained by
serience. Other factors may exert independent effects on wage rates
rs are also correlated with schooling {and work experience), their
absence im of wage determinants would violate the assumption of orthogonality
| between the regressors and the error terin, e, B(S;s) # 0.

On the nﬂ:&l_.’l, the errors-in-variable pm'hla:m issues from the question of how
‘appropriate schooling is (rather than some test of cognitive skills) as the measure of
¥ capital. Seen merely as an input in the production of human capital, school
e may be regarded as an indicator that is measured with (random) error. As
.ﬂh its estimated coeflicient, when interpreted as the rate of return to hwnan eapital,
would be biased toward zero. Consequently, recent studies (Glewwe 1991; Boissiere el
al. 1985} suggest that the rate of retum Lo schooling on wages be d&cmnpuﬁed into the
contribution of cognitive skills on wages (which is to be taken as the rate of return Lo
human capital) and the influence of school attendance on the acquisition of cognitive

skills.
For developing country samples, one other potential source of bias stems from en-

dogenons sample selection. This problem arises because people in developing countries
are able to select themselves into the wage- and nonwage-carning subsamples. In particu-
lar, when an individual decides to become a wage-carner, it is likely that the factors that
influence his choice—his personal characteristics, his present versus future dreumstances
{and his rate of time preference), and the resourees available to him—are also the same
ones that determine his wage. If these factors are unobserved, then their effects would
be subsumed in the error term of the wage equation (for the subsample of individuals
who report earning a wage). This error term pessibly would be correlated with the wage
regressors, and the expected value of this error term would be nonzero. As Heckman
{1976, 1979) has shown, the consequence of all these—i e, of failing to control for en-
dogenous sample selection—is that a bias similar to that of an omitted variable is induced
in the coeflicient estimates of the included (wage) regressors. (The technical details are
provided in the Appendix.)

To deal with these potential sources of bias, a more completely specified structural
model of wage determination needs to be written out. One such specification is

]

Inay = fa+ K+ 0X + 5BX7T+ 4dk + B8+ i I; =1 (2
f.- . { | if E;‘I" +.ll'| e L] {ﬂ}
0 otherwise

where K, is the human capital stock of individual i, A, is his innate ability, and B; his
family background; Z; represents a set of instruments which determine selection into or
out of the sample of wage-earners; and w; and + are assumed to be NID disturbance terms

with means zero and variance matrix

o-[it )

In this revised model the estimation problems have been handled as follows: Abil-
ity and family hackground have been added to the list of wage determinants in (8),
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where §; has also been replaced by K; as the human capital variable. Endogenous self-
selection (into or oul of the wage subsample) has been taken into account by the probit
equation (9}, with the estimation of the wage eguation now made contingent on the
observation that the individual has opted to be in the wage regime, ie., I, = 1.

To calculate the rate of returm to schooling as well as to control for the effects of school
quality in this revised model. a human capital production function has Lo be specified.
Positing the inputs to include the years of schooling, &, the quality of education, Q;,
innate ability, 4;, and family background, B;, the production function may be written as

K; = K(5,0, Ay, By). {10

The impacts of schooling and school quality can then be derived by the application
ol the chain rule; The rate of return to schooling may be calculated as g /85, =
(B nang /SR WAK, f25:), whereas the impact of school quality on the natural logarithm of
wages would be #lnwg /00, = ($luas fOR(OK: F80;).

Equations (8), (9], and (10) thus make up an expanded human capital wage model
that addresses the major estimation problems that have been raised in the literature.
They form the structural backbone of the regressions reported in this study.

Two Competing Hypotheses: The Screening and Credentialist Models

As mentioned in the Introduction, screening and credentialism suggest different inter-
prefations to (as well as policy implications for) the relationship between schooling and
wages. The screcning model {Arrow 1973; Spence 1973, 1976) claims that education does
nol necessarily enhance productivity. Instead, it may provide a sipnal about a worker's
innate ability, which is posited to be the primary detenniuant of productivily. Suppose
emplovers use education Lo sort, oul prospective employecs, so that high- (low-) ability in-
dividuals as signalled by their educational attainment receive higher (lower) wage offers.
Then, assuming that the marginal cost of schooling (or Lhe probability of graduating, in
Arrow's wodel) also depends on ability, wealth-maximizing job applicants would choose
to obtain the schooling level that maximizes the return on their acquisition of the signal.
True sereening (or complete filtering, in Arrow’s terminology) occurs when the ouboone
of screening process is a separating equilibrium.  Workers are assigned to tasks that
are commensurate bo their ability and are paid accordingly. Consequently, when innate
ability is unobserved or ignored, as in standard buman capital theory, an identification
problem ensues: It cannot be determined whether wages are rewarded according to the
innate ability of workers or 1o their aequisition of the schooling signal.

Credentialism, on the other hand, is a generic terin that is used to deseribe wage
structures in which education performs a certifying or licensing function for certain jobs
or occipations. One view ol credentialism (Tanbman and Wales 1974) holds that it is
diserimination based on educational attainment. According to this view, credentialism
occurs when minimal educational qualifications are imposed as jol requirements so that
workers who are olherwise qualified (i.e., they possess the reguisite skills to do the job)

may nevertheless be barred from competing for lack of appropriate educitional creden-

tials.
The connmon [eature of credentialist models, however, is that the wage schedule is

set according to the educational credentials of the workers. Note that the same condition
is actually true of the screening model, except that there education merely serves as a
sereening deviee and the worker's innate ability or productivity 15 what is really being
rewarded. Thus, eredentialism may be categorized ag a special ease of the screening model
which is realized when a pooling equilibrium obtains (See Spence [1976], for example).
Becanse the signal conveyed by education is unclear and employers are unable to discern
the workers™ types, the link to productivity or innate ability is broken, and wages are
really paid according to educational gualilication.
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The screening and credentialist models are important alternative explanations to the
link between wages and schooling becanse, if the educational system merely performs a
sereening or certifying function, schooling would be an expensive social exercise. Other
sorting procedures, such as intelligence or aptitude tests, administered either by the
government or a few private firms would be far more efficient.

This completes the exposition on human capital theory and the discussion of the
majer issues relevant to the estimalion of generic wage equations. In the next section,
important features of the data set and the variables are pointed out to lay the groumdwork

for the presentation of the regression results.

ITI. Data Set and Variables

The data come from four rural, Ladino (Spanish speaking, of mestizo herilage} commu-
nities located in the department of El Progrese in East Central Guatemala. Three of
the villages —San Miguel Conacaste, San Juan, and Sanio Domingo Los (coles—are
located in the mountainous region near the Motagua Valley, an area that is dotted with
smallholder honseholds who largely perform subsistence farming. The other village—
Espiritu Santo—is located in the lowlands near the Motagua River where agricultural
production is organized by fincas (large, commercial (arms), making poor households
more dependent on wage labor (Chung, 1992).

The surveys of the villages were undertaken by the nstituto de Nutricidn de Cen-
troamérica y Panamd (INCAP) during the course of two research projects. Conducted
from January 1969 to September 1977, the initial project was an intensive longitudinal
study of the effects of undernutrition on the mental development and physical growth of
preschoaol children. A unique feature of the research design was that matritional supple-
ments were given free, on demand, to all children seven years or younger as well as to
all pregnant women and lactating mothers. In two villages (one large and one small),
fresco, a low-calorie drink was used to supplement the normal diet; in two other villages
(again one large and one small) atole, a high-protein, high-calorie drink was provided.?
To follow up on the effects of the nutritional supplementation in adolescence and early
childhood, the second study was carried out in 1987-19885 The data set generated for
the wage regressions come mostly from this latter study.

Table 1 presents all the variables used in the regressions. Also provided in the table
are the means, standard deviations, and ranges of these variables—for the whole sample
and for the subsample of wage-earners. Two features of the data set are worth noting.
First, of the 676 individuals on whom complete information was available, only 153 or
29 6 percent reparted ever receiving wages during the survey period. Second, the sample
is macle up of adolescents and young adults; their ages range from 11.5 to 26.6 years.
This restricted age composition imposes the limitation that the full stretch of the concave
age-earning trajectory that is meant to be captured by the experience coefficients in the
wage equalions is not observed in the sample. Moreover, it is not even likely that the
peak earning years of individuals are covered by the survey period. All this means
that there may be less variability in wages and years of experience than in a more age-
dispersed sample. On the other hand, the restricted age range offers the advantage
that the apportunities faced by individuals in the sample may be less dissimilar than in
cross-scolion data with a wider spread in ages.

4 Santo Demingo Los Ceotes and Espiritu Santo are the large and small freseo villages; San Miguel
Conacaste and San Juan are the large and amall atole villages.

* This study was a collaborative project involving Stanford Usniversity; University of Calilornia, Davis,
Cornell University; and INCAP. It was supported by NIH grant HD22440. The principal investigator
was Reynaldo Martorell.
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In the data sel, wage is the mean daily wage rate, weighted by days worked at
each job and expressed in quetzales ® The values of this wage variable are derived from
self-reported wage rates per payment period, average days worked per wesk, and the
number of months worked in 1988, which were collected (separately for men and women
by different questionnaires) as part of the information on retrospective life histories up
to that time. For each job reported,” the wage over the payment period is converted to
daily wage rate as lollows;

[ i I if the wage i3 paid hourly,

rf, if the wage is paid daily,

wy [l if the wage is paid weekly,

*T ) wlsg)  if the wage is paid fortnightly,
wif(4F)  if the wage is paid monthly,

L wi (520 ) if the wage is paid annually.

where we, is the ith individual’s daily wage rate in his kth job; of is his wage rate over
payment period j (j stands for h if the wage is paid hourly, 4 if daily, w if weekly, 7 if
fortmightly, m if monthly, and « if annually); & is the number of hours worked per day;
and I§ 15 the average number of days worked per week. Labor supply in days worked at
each job in 1988 is generated as i, = 4.31250F m,,, where my, 13 the mumber of months the
ith individual worked at his kith job in 1988, The weighted mean of daily wage rates for
each wage-earner in the sanple is then derived as
K, ;
Ey;

= A0
= = by P 3

L
Ek. =1 Ik‘

where &, is the weighted mean of daily wage rates for the ith individual in the sample
and K; is the number of jobs he reported having in 1988,

Schooling is the sell-reported highest grade attained. As in many human eapital
studies, experience is defined as age less schooling less age at school entry, where age at
school entry in Guatemala is 7 years old.

Scores in various tests were used in the regressions as measures of intelligence and
cognitive ability. As in Glewwe (1991) and Boissiere ef ol (1983), performance in
(the first three scales of) Haven's Progressive Matrices served as the proxy variable of
intelligence or innate ability.® Quantitative aptitude was measured by a 41-item muneracy
test, which included questions probing number and price comprehension, queries on the
proper ordering of sequences, and problems requiring simple arithmetie caleulations.
Three tests of verbal proficiency were used: a 19-item test of reading comprehension that
was developed at INCAP, the reading comprehension module of the Interamerican Reading
Series, and the vecabulary module of the same series, hoth of which had 40 items each.?
These verbal aptitude tests were administered to persons who had either completed sixth
grade or passed a literacy screening test, Those who failed were not allowed Lo continue
and were given a score of zero in these tests.

& At the snme time of the survev, the exchanpe rate was Q2 - §1.

7 Many persons in the sample practice different occupations over the year.

® Raven’s Progressive Matrices is a test of abstract or non-verbal reasoning ability, which tonsists of
five scales of 12 iterms each. Thata from the pilot test revealed very low variances for the fourth and fifch
srales, hovwever, 5o that only the lirst three seales were admimistered to the whole zample.

¥ The Intersmerican Reading Series is a standardized battery of verbal pmﬁcimcé,' tests thal were orig-
inally developed for Spanish-speaking children in Texas. But it has since been used by other researchers
in Cuatemala, For a detailed deseription of the tests, see Pollitt ef of. (1992),




IV. Regression Results

Tables 2 to 6 present the regression results of different specifications of the wage equation
a5 potential sources of hias are successively accounted for. Table 2 reports the coefhicent
estimates of the standard human capital wage function, Table 3 the parameter estimates
of the sample selection corrected standard wage equation, Table 4 the estimates of the
cocfficients of the wage equation in which the direct effects of innate ability and family
background on wages are controlled for, Table 5 the estimates of the wage determinants
when cognitive skills are substituted for schooling as the measures of human capital,
and Table 6 the results of the specification testing whether schooling retains an indepen-
dent effect even when cognitive skills, innate ability, and family background are already
imchuded as regressors.

Finally, to verify that schooling does enhance cognitive skills, this paper also estimates
an equation corresponding to (10) in the structural model. lis coefficient estimates are
reported in Table 7.

The Standard Wage Equation

able 2 presents the parameter estimates of Mincer's standard wage equation for
the subsample of wage-earners. [t shows that the average rate of private return to
an additional vear spent in schoaol is 6.0 percent and significant at two-tailed o = 005
The coefficients of experience have the expected signs. They yield a rate of return of
3.8 percent to an additional year of experience [calenlated at the subsample mean).
Both coeffidents are not significantly different from zero, however, perhaps because of
the restricted age range of the sample. Negative and significant, the coefficient of female
indicates that the wages of women are, on average, a staggering 66.4 percent below
the men’s. Finally, the coefficients of the village dununies are statistically insignificant,
implying that the wage patterns are not substantially different across villages. 10

Is there Sample Selectivity?

The estimates reported in Table 2 may be biased because individuals may have
been endogenously sorting themselves into the wage- and nonwage-saming activities. To
control for sell-selection in the wage subsample, the paper specifies a probit equation
and the wage eguation 15 cast as being conditional on whether the individual reported
receiving wages during the survey period. The two-equation model is then estimated
using Heckman's two-step procedure and maxinmm likelihood (ML)." The results of
both methods of estimation are presented in Table 3.

Before turning to the regression results, however, a cautionary word must be said
about the states differentiated by the dependent wvariable of the probit model. The
distinction is between the wage-earning and nonwage-earning states, rather than belween
employment and unemploviment. In particular, included among the nonwage-earners are
the sell-employed, the students who do not seek employment (and are thus not part of the
labor foree), and the unemployed. The wage earners may be full- or part-time workers,
students, or sell-employed persons [or the better part of their time. The data set simply
conld not support making hner classifications.

Who then are the wage-earners? The columns of Table 3 showing the coefficient
estimates of the probit equation disclose that wage earners are likely to be more schooled
as well as the more experienced members of their peer groups. In particular, experience
has a (concave) quadratic impact on the probability of an individual's being a wage-
earner, Gender does not affect the probability of having a wage paying job. Among
the village populations, only the residents of Espiritu Sante have a greater tendency to

M Alternatively, the village dummy coefficients may be perceived as reflecting dilferences in the quality
of schooling between Santo Dondingo, the control village, and the three other villages. But as will be
seen below, this inerpretation does not seem to be the case here.

11 The striuctural model and the two estimation methods are briefly deseribed in the Appendix.



10

go into the wage-earning occupations than inhabitants of the larger, more established
community of Sente Dominge. Members of larger households are more likely to seek
wage jobs, while members of houscholds with the relatively larger farm holdings are
less likely to do so (although its MlL-estimated coeflicient is not significant at two-tailed
o = 0.10), probably opting to work on the family farm instead. Finally, the amount of
income transfers received by an individual's household, although having the expected
negakive sign, does not have a significant impact on whether or ot he participales in the
wage labor market.

As for the selectivity-corrected standard wage equation, the results of both Heckman's
2-step procedure and the method of maximum likelihood show that only female has
retained significance.”? With the coellicient estimates applying not just to the wage-
carmers but to the village populations, the rates of retum to schooling and experience
have decreased slightly. The premimm to schooling has dropped to 5.2 percent and is
not quite significant even at two-tailed o = 0,10 for Heckinan's procedure, and is only
4.4 percent and insignificant in the ML method. The proportionale increase in wages due
to additional year of work experience {caleulated at the sample mean of experience for
wage earners) is between 2.3 percent (for ML) and 3.1 percent {lor Heckiman’s), although
skill insignificant. The wages of women are about 65 percent below those of men's. This
sugeests that although women enjoy equal access to wage paying jobs (since female is
not significant in the probit equation), they have limited opportunities for being hired to
the high paying jobs., Finally, observe that &., the covariance of the disturbance terms
of the probit. and wage equations, which is the coefficient of the inverse Mills’ ratio in
Heckman's pru-:ﬂ:]ur:‘ is estimated to be negative, as is # the correlation coeflicient of
the error terms in the ML method. I truly significantly different. from zero, the negative
signs of these parameters indieate that the mean of the natural logarithom of wages that
is conditional on the decision to enter a wage ocenpation (Ellnee; | L = 1)) 18 lower than
for the population as a whele. In other words, the negative signs of these parmneters
mmply that the wage-earners as a group do not enjoy any comparative advantages in the
wage-carning occupations.

Incorporating Innate Ability and. Family Backgronnd

The estimales reported in Tables 2 and 3 are fairly standard empirical results of
the stamdard wage equation. The estimaled rates of return to schooling are lower than
those reported lor Latin America'? hut this is possibly due te errors arising from the
generation of data on daily wage rates across different types of labor contracts and given
the transitory nature of (wage) work lor rural residents, so that wages are usually a
poor proxy for the value of the margmal product of labor in raral regions of developing
conntries {Haddad and Bouis 1991).

Even these low estimates, however, may be hiased upward becanse innate ability and
family background, two presummably important determinants of educational attainment,
may themselves have direct, positive ellecls on wages. To control lor the independent
impact of innate ability on wages, the seore on Raven's progressive matrices is added to
the set of wage regressors. To capture the effects of family background, grades passed by
both parents are used as proxy measures. Table 4 shows the parameler estimates of this
new specification.

For the probit model, the results are not nch different Tromm Lthose reported in the
previous table. The coeflicients of highest grade attained, experience and its square,

¥ This may be the effect of imprecise estimation due Lo ill-eondilioning sinee Uie determinants of Ue
standard wage equation are highly collinear—=the village duinies ave necessarily o and experience iz

oprerationalized asa pction of schooling —amd the size ol the subsanple of wage-carners iz quite smmall.
¥ Pascharopoulos (1985) reports that the private rate of return to schooling in Latin America, con-
sidering all levels of education, iz 14 porcent.
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household size, Farm size (though again only in Heckman’s procedure), and residence
in Espiritu Sento remain significant and retain their signs; whereas none of the new
variables turns out to be significant, implying that innate ability and family background
do not affect the individual's decision to seek a wage paying job.

Om the other hand, the regression results for the wage equation are somewhat different
from those of the previous specifications. Higher rates of return to schooling and experi-
ence are now obtained. The return to each additional year of schooling is 5.9 percent, and
significant at two-tailed o = 0.10 for Heckman's procedure and just below significance for
the ML estimate. For work experience, the return to an additional year (at the subsample
mean of wage-earners) is 3.5 percent, although in both methods of estimation the expe-
rience coclficients are not significant. In addition, the gap in the wage rates of men and
women has narrowed slightly to 63.3 percent. The village dummy coefficients, although
still inzignificant, are now slightly lower. Compared to their peers from Santo Dominge,
San Miguel Conacaste and Espiritu Santo residents have wages that are, respectively,
4.4 and 10.7 percent lower, while inhabitants of $an Juan are paid daily wages that are
8.3 percent. higher. Finally, the selectivity parameters p and ¢, remain negative and
statistically insignificant from zero, implying that selection into the wage-earning sample
is a random process.

Turning to the newly introduced variables, observe that Raven’s test and father’s ed-
ucation both have expected positive impacts on the natural logarithm of wages, although
their coefficients are insignificant. The education of the mother, however, is estimate to
have a large negative effect—and significant at 90% confidence interval in Heckman's
procedure. This counterintuitive result. may be due to the following relationships: Since
more educated women have higher aspirations for their children, for given levels of ability,
their offspring tend to complete higher grade levels, For their educational attainments,
however, the children of more educated mothers would be less productive and therefore
eam lower wages.

Wages, Cognitive Skills, and Intelligence

Ancther, perhaps even more fundamental issue concerns the appropriateness of using
schooling as the human capital variable. Relative to the theoretical construct human
capital, highest grade attained may be viewed as an indicator that is measured with
error, so that its coefficient estimate, if interpreted as the return to human capital,
would be biaged toward zero. To circumvent these errors-in-variable problem, recent
studies (Boissiere et al. 1985; Glewwe 1991) specily cognitive outcome measures, such
as scores on Lests of verbal ability and muneracy, as the true measures of human capital.
In this revised specification, school attendance is no longer included as a detenminant
because it is assumed that wages and schooling are only indirectly linked through the
process of acquisition of cognitive skills.

A bonus of this formulation is that it may also be used to test the validity of the
screening hypothesis (See Glewwe [1991]). If education merely serves as a screening device
for innate ability or metivation and does not enhance the productivity of workers, then
the coefficient of Raven’s matrices, but not those of the cognitive tests, would be positive
and significant. If education perforins a partial sereening function, then the coefficients
of Raven’s malrices and the profiicency Lests would all be positive and significant.

The parameter estimates of this wage-cognitive skills-innate ability specification are
reported in Table 5, which is presented in thiree parts, corresponding to the three different
tests of verbal ability that were available. Table 5a shows the results of the specification
using the INCAP-developed reading test seores, Table 5b the results of the specification
using the scores on the reading comprehension module of the Interamerican Series, and
Table 5c the results of the specificalion using the Interamerican Series vocabulary scores.

Onee again, the results for the probit equation, which are reported in columns 1 and
3 of Table 5, are very similar to those of the previous tables. The quadratic experience
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terms exert a very significant positive, though declining impact on the likelihood of an
individual’s supplying his hours in the wage labor market. Among Lhe inhabitants of
the three villages, only Espiritu Santo residents have a greater tendency than Santo
Domingo villagers to render wage labor. The size of the household and of the household
farm are the instrumental variables that register significant effects in the probit equation,
although again farm size loses significance in the ML estimates. Family background,
innate intelligence, and gender do not affect the probability of an individual's being a
WAEE-CATTIET,

Of the verbal proficiency and numeracy tests that replaced educational attainment
in the current specification, only the Interamerican Vocabufary Test turns out to be
significant; it has a positive coefficient in the probit. equation of Table 5¢, which implies
that having a good command of words increases the likelihood of getting a wage-earning
job.

The results for the wage equation, which are reported in the second and fourth
columns of Table §, show that female is the only consistently significant determinant of
the logarithm of wages. In the results of the 2-step procedure, the numerscy test is sig-
nificant in the specifications in which reading skill is the measure of verbal competence,
and mother’s education is significant in the specifications using the INCAP reading test
and the Interamerican Voeabulary Test. The significance of the muneracy test hut not of
Raven’s matrices suggests thal. Lhere is some validity to the revised buman capital model
(and that screening may be abzent). Advancement in wage jobs is due in part to pro-
ficiency in mathematics, not innate intelligence. Finally, the covariance and correlation
terms of the errors of the probit and wage equations are once again negative but close to

0.

Incidentally, notice that although the coefficients of experience have the expected
signs and are still insignificant, its rate of retum (calculated at its mean for wage-earners)
has dropped to about 1.7 to 210 percent in this specification. This suggests a left-out
variable effect: omitting schooling leads to a downward bias in the estimated cocllicient
of {:x;ihml-];mlf:n because of the negative covariance between schooling and experience in the
SApEe.”

Testing for an Independent Schooling Effect

What is the impact of schooling when placed alongside measures of intelligence and
cognitive ability? This final specification may be regarded as the expanded human capital
model in which the cocflident of schooling may be interpreted as the rate of relurn to
Lthe noncognitive aspects of education (including its eredentialist function),

Table 6, which adopts the smne reporting scheme as Table 5, presents the regression
results of this expanded wage wodel, As far as the significance of the cocfficients is
concerned, the results of the probit model are no different from those™presented in Tables
3 and 4. Schooling and experience retain very significant effects on the likelihood of
entry into the wage-earning occupations —even when the cognitive outcomes of schooling
are already controlled for. Similarly, in Heckman's procedure, household and farm size
have significant. impacts, though in opposite directions {with the significance of farm size
fading in ML, however). Again, gender, parents' education, and income from non-labor
sonrces apparently do not identily who the wage-earners are. As for the test scores, none
ever turms out to be significant.

In the wage equation, the rate of return to (the noncognilive aspects of ) schooling
is measured to bhe between 4.5 pereent and 5.9 percent, bul is never sianificant. Instead,
the natural logarithm of wages is signilicantly determined by the gender dununy variable
and mother’s education, though the latter is signilicant. only in Heclman’s procedure,
The wages of women are, on average, between 59.7 percent and G1.2 percent less than

¥ The limited range of ages in the sample has the effect Uial, on averape, more time dovotod to
schooling means bess G speot in the workplace,
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ge ol the men. Each grade passed by the wother canses her children’s wages to grow
o 7.4 percent less.
hooling Affect Cognitive Skills?
ver one nterprets the resulls of the wage regressions, it reinains relevant. to ask
r contributes to the acquisition of such cognitive skills as reading comprehen-
and gquantitative proficiency. Afller all, education is not. simply a pure
but may have considerable non-income returns as well, such as in the
ity and morbidity rates for childlven of more educated mothers and
gety as a concomitant effect of higher literacy rales.
Tahle 7 reports the OLS-estimated coefficients of the determinants of cognitive skills
ich corresponds ta (1) in the structural model ), Note that a flexable functional form,
ed from Glewwe (1991), is specified. Quadratic forins are given to age, schooling,
vens test. Interaction terms among these variables are provided as well. The
| of Raven's matrices and schooling tests whether the more innately intelligent
wore per grade attended, while that of Raven’s inatrices and age controls for the
possmbality that the more intelligent. simiply learn more each year. The interaction term
hetween age and schooling is intended o eapture variations in the quality of learning
across different. age cohorts, while geographical variations in learning quality are meant
to be reflected in the village dummy variables.'® A dummy vanable, female, is incloded
to reflect gender differences in the acguisition of cognitive skills. The effects of family
background are meant to be caplured by the schooling of hoth parents.

Looking across the columms in Table 7, notice that the gquadratic cocilicients of age
and Raven's matrices do not turm ot 1o be significant in all four equations.  With
the exception of the products of years schooling and age as well as years of schooling
and Raven's matrices in the nameracy test, all other interaction tenns are insignificant.
For the tests of verbal aptitide, the absence of an age effect may be taken to mean
that retention of reading and vocabulary skills is Iairy strong, For e nameracy Lest,
however, the significant negative interaction coellicienl of schooling and age indicates
that competence in mumeracy declines with age. In other words, either the teaching of
artthmetic or the mathematical aplitude of the younger cohorts of students las improved
over time, As for the coeflicient estimates of Raven's test, their utter lack of significanoe
in the verbal aptitude tests implies that innate or nonverbal ressoning abilbity does not
have an independent effect on the development of verbal and reading skills. On the other
hand, the significant negative coefficient of the interaction tern hetween vears schooling
amd Raven's matrices is an unexpected resall, It pnplies that people whe did well m
Raven’s matrices had poorer scores in Lhe ninneracy test — and progressively so with each
‘additional year of school ™

The ecoeflicients of highest grade attained and #s square tarne ond Lo be sigualieant in
Jour regressions. Their signs rellect o concave shape, although Ve magnitudes of the
efficients (including those of the signilicant interaction terms for the muneracy lest)
ente that the peaks of the schooling profiles ocenr nearly at or hevowd the maxinnm

of highest grade attained in the sample.” Thus, the net nnpact of schooling on

s

- The coefficients of the village dommices and Lhe interaction term between age and schooling ought Lo
w1 the quality of instruction. However, beeanse of e mitritional istervention intreduesd by the st
CAP praject, Lhey may also rellect the impact of the type of mitritional supplement mace availalle
the resiclonits ns well as the ohort elfectz of U supplement on Ll coonitive ahilities of village
_Fpﬂiﬁihh‘ teason Ffor Lhis resilt is that Haoven's tost iy bve been Lo dillicidt while the pimweracy
L may have been oo easy for the test Gakers, as may be pleamed Trome Lhee deseriptive sEatistics,
r ¥ the means, of the variables in Table 1,

The schooling profiles achieve theiv maxitmm valne at 127, 16.7. 1400, sl 9.1 grades of etlucation
pleted for the reading test, the Interamerican reading test, Lhe Intersmerican voeabulary test, and

tost, respeclively.



=i : 14

the test scores is never negative,'® although the concavity of the profiles suggest that
the marginal effect of schooling on verbal and arithmetic ability becomes progressively
weaker with each additional grade level.

Comparing the test resulis by geographical area, observe thal the residents of the
atole villages of San Muguel Conaceste and San Juan consistently oulscore the inhabi-
tants of Santo Domingo. On the other hand, the performance of Espiritu Sanio residents
do not significantly differ from those of people from Sante Domingo except in the In-
teramerican reading test where they are estimated to have significantly lower scores.™
These results imply that the distinction in village-based quality diflerences {in either the
learning capacity of students or the instruction provided by the schools) has more to do
with the type ol nutritional supplement than with village size. In particular, the atole
village residents did better than their fresco counterparts.

The significant positive coefficient of the sex dummy variable in the Interamerican
Test. Series indicates that the verhal proficiency of women is better than the men's.

Finally, the educational atlaimment of mother exerts a significant impact on their
children’s Interamerican Series Lest scores, This is yet another piece of evidence showing
that the schooling of women {more than the men's) has important effects on how well
the household fares and particularly on the quality and welfare of the children,

V. Dhiscussion and Critigue

How are the results of the preceding section 1o be interpreted? Are they to be taken
at face value? Recall that the econometric estimation proceeded against rather severe
limitations. The data set is ill-snited for Lhe estimalion of Mincer's wage equation. First,
the ages of the individuals in the sample only ranges from 11.5 to 26.6 years instead of
being dispersed over the entire life cycle, This restricted age distribution implies that
(a) the age-wage profile which Mincer's equation seeks to caplure is not fully reflected
in the sample; (b) relatively few wage-earners would be identified, since people may not
have completed their schooling, many individuals may be sell-employed as iz prevalent
in less developed regions, and unemployment may be more widespread in rural areas;
(¢} the variability of wage rates and experience would not be as much as in a more
dispersed sample; and (d} the wages reported are likely to be below the peak wages for
miven educational attainment.

Jecond, wages may themselves be poor proxy measures of the value of the marginal
product. of labor in rural regions of developing countries due Lo measurement errors ansing
from the variety of labor contracts and the transitory nature of wage work in these areas,

Third, there are problemns associated with the schooling variable used. Highest grade
attained is afflicted with nonrandom measurement error hecause it totally ignores wastage
in school attendance. Since drop out and repetition rates are quite high in developing
countries and in the study villages in particular {Pollitt 1990}, the true costs of education
are underestimated with the highest grade attained as the indieator of schooling so that,
in turn, the private rate of return is oversstimated. Moreover, this measuremnent error is
passed along to the experience variable, since experience is merely generated as a residual
of age and years in school,

A fourth problem is that the data of the variables specified in the wage equations are
ill-conditioned. Regression diagnostics revealed that the test scores are collinear, as are
schooling and experience as well as the village dummies. Presumably, these collinearities

B Even for the sumeracy test, it takes more than 18 grades pamea] [wath the Raven's test and age
evalunbed ab their sample means) for education to have a negative net effect.

W These results thos indicate thiat the cosllicients of the villages in the wage equations do not velloct
similarities in school o kearning guality but in wage patierns, as pointed oot in a previous lootnote.
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- srvasive in human capital data sets, which mnakes it important to have very large
Mlﬂﬂlm which to do Lhe estimations. Unfortunately, with only 153 wage ohser-
vations throughout the four study villages, the parameters of the wage equations may
nol have been estimated with precision.

Given all these reasons, it is not surprising that the wage determinants are all virtually
insignificant, partienlarly in the ML estimations.

Relative to the broader canvas of the human capital literature, the regression results
reported here bring to mind many of the same issues raised by Lhe previous studies. In
particular, the result that Raven’s matrices never turned out to be significant does not
reject the sereeming model. [t only serves to underscore the catch in incorporating ability
measures .4 the wage equation: As Griliches (1977) decries, if the coefficient. of ability
is found significant, it is said to be due to the correlation of ability with unobservable
variables, such as the quality of schooling or the quality of the home environment; if
msignificant, ability is said to be measured with error.

As for the cognitive ability as human cepitel equation, it may have the same problem
Tﬁﬁﬂ‘-ﬂlﬁz.rﬁ the appropriateness of the variables used as measures of hiuman capital as the
standard Mincenian equation. Perhaps reading, writing, and mumeracy are the rudimen-
tary skills required by all jobs in urban, more developed settings; whereas in rural, less
developed areas, these skills are not as well aceepted as signals of productivity. Perhaps
jobs in the study villages still do not require literacy and numeracy skills—henee their
being only slightly significant in the wage specifications—and the mdicators of produc-
tivity are much more varied and specific to the occupations of the wage-eamers. As
Arrow (1973, pp.214-215) points out, “[Tlhere is considerable evidence in direct studies
of productivity ... that ability Lo pass tests is Jonly] weakly related to ability to perform
specific productive tasks [and it] is only the latter ability that is relevant.” Moreover,
it may be that schooling itself is regarded as a signal of productivity, not. becanse stu-
dents are taught how to read and write in school, but becanse they are inculeated with
the mores and ethies thal are important to the wage occupations. And perhaps “em-
plovers know that education is a signal, that there are other attributes of individuals
[besides literacy or numeracy] that partially determine productivity, and that these are
being captured in the signal” (Spence, 1976, p.53). Unfortunately, as ever finer culs are
maide to distinguish the many lacets of educational ouleomes, it becomes increasingly
difficult to get statistically significant and meaningful results, particularly with samples
from developing countries, because of the heavier demands the specification makes on
the data set in terms of the (sub)sample size and the number of variables, and because
of problems with the applicability of less generalizable mode] assumptions and with the
operationalization of nebulous theoretical constructs.
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V1. Summary of the Regression Results

The problems with the data set and variables as well as with the regression specifications
notwithstanding, several results stand out, which may be summarized as follows: First,
educational attainment is a very significant predictor of wage-earners. The results of
the probit model consistently show that the more schooled people are more likely to be
invelved wage-earning activities. Moreover, schooling is an important determinant of
wages. Given all the measurement errors and ill-conditioning of the variables in the data
set, schooling surprisingly burns oul to be significant or alimost significant ab two-lailed
o =010 in two of the four wage equations in which it is specified as a regressor. The rate
of return to schooling, inclusive of its cognitive and noncognitive aspects, is reported in
Table 4 to be 5.9 percent for the population of adolescents and young adults in the four
rural Guatemalan villages. And it must nol. be forgotten that schooling is found to exert
very strong effects on the acquisition of cognitive skills (Table 7) and that numeracy skill
turns out to be weakly significant when test scores are used as measures of human capital
(Tables 5a and 5b).

Second, experience is derived to have a concave profile in both the probit and wage
equations across different specifications. The coefficients of experience are consistently
very significanl in the probit model, but do not turm out to be significant in the wage
equation, perhaps becanse of the restricted age range of the sample.

Third, the w:L%es of women are estimated to be between 59.6 percent and 66.4 per-
cent lower than thoese of the men, indicating that women in the sample have limited
opportunities in getting the high paying wage jobs.

Fourth, mother's education is ineasured to have a large, unexpected, and (in Heck-
man's procedure) significant, impact on the logarithm of wages. It is suggested that this
result may be because more educated workers who have more educated mothers may not
be as able as similarly educated workers with less educated mothers who may have had
lower aspirations for their schooling. On the other hand, a result that is more in keeping
with the findings of other studies is that mother's education is shown to have a positive
and significant effect on her children's verbal skills as measured by the Interamerican

Test scores. |
Fifth, among the test measures employed, only the Interamerican Vocabulary Test

turns oul Lo be significanl as a predictor of who the wage-earners are, and only the
mumeracy test is a significant determinant of the logarithm of wages. These resulls
suggest that cognitive skills perhaps do allect wages, if only weakly, in rural populations
of developing countries.

Sixth, the size of the household and the area of the household farm are the two
instrumental variables of the probit equation that significantly help to sort out the wage-
earners from the nonwage earners {although farm size turns out to be'signilicant only in
Heckman’s procedure and is never significant at two-tailed o = 0,10 In ML). As expected,
Lhe larger the size of his household, the higher the probability that an individual is wage-
earner; the bigger the household farm, the less likely it is that the individual would seek
a wage paying job. b

Seventh, the wage-earners are more likely Lo come from Espirite Sanfo, even though
the wage patterns in the four villages are not significantly different from each other and
residents of the atole villages consistently outscored the fresco villagers in the cognitive

tests,
Finally, the sample selectivity parameters are estimated to be close to zero and not

significantly dilferent from it in all specifications.  One interpretation of this _msul!. =
that increments to wages (or opportunities for advancement in the wage occupations)
may be a process that is independent of the decision to be a wage-earner, although,
obviously, selectivity depends on Lhe states that are being distinguished, and the fact
that the nonwage-earning state includes the self-employed, the unemployed, and the
hall-time students probably mudedles the effect of selectivity on the wage equation.
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Appendix
Correcting for Sample Selectivity

describes the estimation methods that were used to treal sample
ge-generating functions. The structural model of wage determination
CHIOWS: 4

b =Xatu EL=1 (A.1)
=gl R0
| Iy {u L (A4.2)
res In is the natural logarithm of wages of the ith individual in the sample, X, is a

or of exogenous variables affecting wages, 2 represents a set of exogenous variables
determme selection into or out of the sample of wage earners, and » and « are
lly and independently distributed (RID) dmturl:rahm terms with means zero and

:mn.l-n.'-:
w2
TR | a

£ OLS on the subsample of wage earners woulil yield biased estimates because
) =0 and w, is likely to be correlated with X; as a result of the censoring of Inw; when

- 0. Two procedures that correct for this potential source of hias are Heckman's
sstep procedure and the method of maximum likelihood.

-

mman s procedure

two-step procedure proposed by Heckman (1976; 1979) is based on the obser-
1 that if OLS estimation of {A.1) could he performed condifional on the sample
n rule I in (A.2), the estimates derived would be asymptotically consistent, if
t. More formally, the procedure relies on the following insight: Ohserve that
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where

_#l=Zi7)

I - '?f—H.fj 3

M —Z7) =opulog,

B~ Zi7) =M= Zr)M—Zir) - (- Zi7)],

and f{-) and 4{-) denote the density functions of the normal and standard normal random
variable, respectively, while #{-) represents the standard normal cumulative distribution

function. o : . ’ 3
s, another way of viewing the censoring problem of (A1) is as an omitted variable

issue: a specification error is committed when A, is not included in the set of TeETess0ors,
To correet for this source of estimation bias, the wage equation may be rewritten as:

g = Xyo + o0, M= Z7) + £ [A.3)

M-Zi7) =

where E(s;) = 0 and Var(z,) = «2[1 - e =)

A problem remains because X is unobservable. But Heckman noted that the ratio
A can be generated using the estimated parameters of the probit equation (A.2), Thus,
after X; is conveniently substituted into (A3}, OLS would be a consistent estimator of the
revised wage equation. It should be noted, however, that OLS is an ineflicient estimator
bath because e; is heteroscedastic and A, is estimated.

Maximmmn Likelihood
Unlike Heckman’s single equation approach, the method of maxinmmm likelihood in-

volves the simultaneous estimation of the structural parameters of a system of equations.
It does so by maximizing the value of the model’s log-likelihood function, which is derived
below for the smnple selection wage model.

The equations (A1) and (A.2) have the following likeliliood Tunetion:

=1 £ Y 1,1 ke
L= IIEF‘H:'J[, = U}] ll’q-{f,‘ — |:|f? Jﬂarg ﬁ%,j,,: nh:J
T B i

n T - I
- iy — 2, ;[ e by 1 s
I!.[ ( .ﬂ] Umrﬂ Freechala i ;]

1.v|11'i'r_: o= lnwy — X,
Sinee (v [w) is a univariate NID random variable witl mean [Fuufad i and variance |1 -
(Funfasi], this imnplies that

i — T --I:_n:w.-"r.r;':_:llc_;]
_lrif-'.' |I y -I'.r'lT = I - '!" [—_.-_ =1
]'zr- } "u"lr[_[':’lll'.lllnll}.f J

On the other hand,
i -1 &
Tl ) = JT.-:_‘H“(E“')
)
= — e - N
LLEY Ty

Therefore, the log-likelilood funetion of (A1) and (A.2) comes down to

i = i‘l{{l—r.]tmr:( E,-.-J+.l'.{h|{l rb(_‘.”;,]_—__{:j:“]}’-)] +|n¢(%) —|..-{n,,}}}.

£=~f1

Mazximizing this log-likelihood Tunction with respect 1o o, 7, o, and e vields ubic
ased and efficient estimates of the parameters of the stroctural wage model.
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Table 1. Descriptive Statistics of Variables

Whole Sample Wage Earners
Variables Descriptions
Mean  Swandard  Minimum Maximum Mean  Standard  Minimum  Maximum
Devistion  Value Value  / Devintionn ~ Walue Value
Wage Waighted average daily wage rates (in 568 400 021 25,04
Highest Grade Attained Self reported highest grade attained 4319 149 0,0 13.00 L2 386 0.00 13.00
Raven's Test Raven's Progressive Matrices test score 1084 4.20 (.00 27.00 11.29 468 1.00 17.00
Reading Test [NCAP-developed reading test score IL17  7.33 (b, 0 15.00 KREs: 7.55 0.00 19.00
[nteramerican Reading Teat Interamenican reading test score leog 812 (.00 3504 1263 839 0.00 34,00
[nteramerican Voonbulary Test  Internmencan vocabulary test seore IB.23 1239 (.0 3500 001 1312 MR 39.00
Mumerney Test Murseracy est score LA Ba0 0.0o dag 301 878 &.00 41,00
Ape Mge oz of January |, 1989 1743 338 11.31 1663 B0 204 154 2399
Experience Age-Highest Grade Alained-? 804 07 0.04 16.99 G ¥ 016G 16.9%
Female | =female; 0 otherwvise Q.49 .50 000 (RN 47 030 (1. 0 1.00
Father's Grade Attninment Grades passed by fuhet as of 1974 .30 I.62 0,00 .00 1.14 L.50 (.00 6.00
dother's Grade Attninment Girndes poszed by mother as of 1974 .07 .41 000 &.00 1.12 [.36 000 1,14
Household Size Number of household members in 1977 88T 132 .00 [9.00 966 344 2.00 19.00
Size of Household Farm Land area of household farm (in manzanes 1.51 176 000 861 Loa 178 0,00 T.56
[ncome Transters Mon=lnbor income (in gererzader) 6T 19642 .00 114,00 3571 16426 0.00 | (44,00
Santo Domingo 1=resident of large, fresco village; 0 otherwise 23 0.42 100 1.00 .23 (a4l 0,00 100
Han Miguel Conacaste I=resident of large, atele village; 0 otherwise 025 043 0.00 £00 021 04l 0.0 [.00
Espintu Santo I=resident of small, fresce village, 0 othervise 0.20 040 0,00 .0 02: 043 (.00 .00
San Juan I =resident of zmall, arede village; 0 othenwvise 03 (46 .00 ] .31 0147 (] |00
Mumber of Observations 676 153




Table 2. Standard Wage Equation

Variables
Constant 1. 19507
3762
Highest Grade Attained 0.06006
2.360**
Expenence 0.06448
¥ 1.220
Experience Squared ~-0.00195
SARER
Female -0.664
-5
san Miguel Conacaste -0 03773
{0237
Espiritu Santo -0.04355
1275
San Juan 0.08282
{.581
R 0.285
Adjusted R’ 0.250
Log of Likelihood Function -144 819
MNumber of Observations 153

T-statistics are repouted helow the coeflicient estimates
- mpnificand ol 93% comfidence interval;
* ezignafecant sl 9% confidence interval,



Table 3. Standard Wage Equation Corrected for Sample Selectivity

Heclaman's Folasivma ©ikelilood
F-5tep Procedure
W asables
Probit Wape Prahit Wage
Equation Fquation Equatica Esquntian
Ceanstamt SROGSEG [.43297 3034100 LaTinl
ERane 2w 7,75 2 709
Highest Girade Attained 13531 (05220 13477 004436
sl 1,574 4. TR0 1360
Experience 021998 004589 0.22064 002761
L2508 0,776 A0 DA
Esperience Saquared 00735 00015 (AN T {1 (HERT
e R | A 305 -2, 1RG AL0TE
Female R 6575 ARO00E2 LG D2
AR 650G 0T L
Fan Miguel Conscasie [ 0.0k 464 ~024RS S0 0ES
A7 £0.13% o150 ALOGE
Espiritn Santo 033127 SRR o 13311 30T
Lo+ D81 T 037
San Juzn 038210 (S 13532 [ERE T
BG4 ns2n 077 msT
Housshold Size 0.0 0,078
4. 71 4,35
Srre of Household Farm 10555 S1S63T
-0 1612
Income Transfers (L0 SR EE S
R v 1397
@ (ooefficient of the Inverse Mills' Ratio) 1 10467
1468
a, 064233
RN
{1 33TRD
0, 74R
1. ErRG (285
(L2465
71515
36207 -144.733 ATLER]

BT 133 i)

For the 2-slep estimated wape determumants, these are



Table 4. Incorporating Innate Ability and Family Background

Heckman's Blacimum Liketihosod
2=ty Procedure
Wanables
Probit Wage Probar Wage
Equation Equation Expuation Equation
Comstant -309270 1.20534 -309169 [.22044
-E 138 1505 -TAE LG2*
Highest Grade Attamned 02865 (L.05905 LU et 0, 5RGE
A s 1.696" ERT A 1.58%
Experienoe 218G 0.05245 21875 foslal
£, 9T 1. R0 3.0E2E 57
Exprience Squazed 000741 A1 27 D TA2 4100123
L ERY L s “2.29] HA1L23%
Faven's Tet (033 IR (o331 ot
el L 0,872 0zl 1.87R
Falher's (irade Attamment 0 0E54 T 4223 <[0115454 04250
1A (R -1.340 1550
Muiber's Grade Attanment (L5495 -LDGEY (05522 R
1.27%9 -1.BT6* 1130 -1.274
Female L0 004 -[L63305 (0 DO2ESR 063274
417 6 A5G 0021 453
Ran Miguel Conacaste 0921 44 SR bl 4430
01132 | e e 3.0 L35
Espiritn Sado 0140588 =Lk PO 040754 AL Y7
1374 -0 391 b -LAT0
San Juan 014772 (LOB2R3 0, 14893 OR2RG
TR 050 0438 511
Household Size OL.0E295 DORZ5T
4. K30+ A 520"
Bize of Houschold Fann (L5504 -LOF630
R -1 5600
Incomme Transfers LG ST
-1,.360 -1.304
o, [coellcient of the nverse bills” Eatio} (L5251
2210
T, (Ln 1677
ikl b A
n -D.09326
0,140
R* 0§04 0 305
Adjusted B* (251
Percent Coarect Predictions 11558
Leog-Likehhood Functeon -3z24.005 -144.677 46T 286
Masmber af (Mssvations 076 133 a7h
T -simsties me roporied below the coefficient estimates. For the 2-step estimated wage determinants, these are
mpated from sobust- White standard erors.
-_mpheest o 5% confidence iberval,




Table Sa. Logrtive Skills as Human Capitai

Heckman's bazamium Likelibood
2-Bep Procedure
Wartahles
Probi Wape Proba W
Equaion Exqquation Equation Equation
Constant -2 953708 LDGSST SRR 109106
o RIFT 1637 i IS 1407
Rn::rﬂ'.fng Test mii7is 101720 VR L] ALHIT R
136607 1450 1256 A1.43%
Mumeracy Test ol 1on DLOEE ChErL PO 0017497
L. LGEE* hRl L5490
E-.'-:.p-eri:nue L0l B 042149 b, 1590y 004029
ks LROOEE 0,729 A K T 11,447
Experience Scpeared -0 07 ) (LT ED XL ER Skl
~Z440* 60 “2AdRT 0. 714
Haven's Test LR 00 2R3 [ EGG OO0z
5% a9l 1555 1077
Fatlwers Grade Altanment 4813 005017 LTS (.0s077
-1.273 1272 -1.154 0477
hfosther’s Cirade Allainmend 0913 ([ 22 Q0G94 -1 142
1.636 HET Y l.443% 12201
Female 002077 G52 16 “.02126 -G5S 1 36
0.7 5.0 40,176 44T
San Miguel Conacaste 009628 SULEER S L9385 -LL04305
- 568 L T32 L5006 ALI53
Espiritu Santo (45205 0789 0454401 08167
F L 427 R 1350
Son Juon OOB02S DLOTOOR LOg 07 LOTOSE
k505 LA25 0a5% 1430
Humrsehold S (07954 (o722
4 540 4354
Size of Houschold Famn EUEIEES (LS8R D
-5 712 -L4%1
Income: Translas AT [HHH5E
-L.6RI* LG50
o, (coeflicient of the fverse bills’ Eatio) 105553
A 118
a, 061943
17.206%
p 01, 101890
L2010
E? .Y (L300
Adinsted B* (2400
Percent Correct Predictions 771811
Log-Likelibood Function -3500532 |4 T5 473 480
b_hﬂ:l:rﬂﬂhaﬂalinug 66 153 (76

T-mstsstics are reported helow the coeflicient estimates. For the 2-step estimated wage determinants, e ane
eompeted from robust-While standard ermors.
= o prifiesnt wl 95% confidence niterval,




Table 5b. Cognitive Skills as Human Capital

Heckmn's ELaxmmumn Ldoeldsoond
2-5iep Procedure
Warnables
Frodbit Wape Prohit Wage
Equation Exuaation Eguation Eqpuation
Constant -301938 L3253 -303T9 [.OoT247
TG 1,645 S L4 1.572
Intevamerican Reading Tesl (FO0EAG -0, CEE (LORS1 <, 370
7E% G0 a9 .44%
MNumeracy Test 001620 L7E4 GIE DA TED
1508 1. TXR* L4481 1613
Experience 0. 301234 0.03981 020226 0.03908
LY b GRT 17 0433
Experience Squared LI (0GR ALODRLT LGS
-L3IG"" 1,556 2545 EiRclils
Haven's Tast - L 0.0 364 {LOORET 1.0 360
LIEALE Rl 1L.563 1143
Faitheet"s Grace Attainanegl -LET4 (L5052 SMGSS 0.0507 6
1257 1.20% Y s [T
hdnther's Grade Attainiment 1L T [LSHI3 0,679 BT (1]
1.5%T -[ 546 1402 -1.147
Female S0.02233 -(hGAGT (L2250 -(G4G3E
L1 oy, Fipge £ 187 4G
San Miguel Conacaste A0 10294 L I3519 -0, 10083 A[L03440
040 7Y 01540 12012
Espiritn Samto 047 MWH ALDE423 047506 LRSI
.67 AL 458 261 403
Ham Juam (L7485 (07923 (LOT562 T34
0,470 0468 0,426 4%
Housedwld Siee [L0R0A5 LR R
4. 712+ i o
Sz of Household Fonn 049057 LR
1753 -1.45%
liscoene Translers (LIRS - TS
-1 hAAe 104"
a_, (coefficient of the Inverse Mills" Ratio) 582
L2462
a, L B
17259
p 40, 10145
41,200
R* (LR {301
Audjusied BF 0241
Percent Cosrect Predictions TTERN
Lowg-Likelihood Fienction -3MLIEG -143.137 -AT4 123
Mummber of (heevations oG [53 76

T-satistics are reporied bedow the cocflicient estimates. For the 2-step estimated wage detenminants, these are
compubed from robuest-White stondard errors.
**_cipnificant at 95% confidence miteral;




Table Sc. Cognitive Skills as Human Capital

Hecloman's hfaoirmmm Likelibood
2-Step Procedure
Warahles z -
Frobat Wage Prohit Wape
Equation Equaticn Equaticn Equatron
Comstant =255 L6l 113189 -2.85363 1. 1a775
e 1779 -6, 1347 1.547
Irreramerican Focobulory Test 001535 ~0LD0034 L 537 000054
1.0R6*" ~[L05E 1.938" 051
Mumeracy Test OLOaTo 001415 (Lo 00414
0593 1.40% a2l 1247
Expenence 0.20325 003978 020319 0.03695
R T o0 i A A0
Expenicnee Squared ~(LO0FT2 J1iN 45 [T O0pE]
-2 JEE™" {AEF -2 A1 245
Faven's Tes [LO056E O.0r229 000551 001221
y {1 B a B e LIRCE I.0Z3
Fathe's Crade Atlamment L4819 003072 A1, 04 THD 5160
-1.271 1312 1138 %77
Mother's Grade Allapunent LG (L0 [ B 0022 1062060
1402 sla5e 1249 1189
Famale 00519 -S4 T0 -5 24R G530
A0.443 R AT 500
san Miguel Conacasie A1, | H53% L4552 Jqr13351 (LR
L7907 oy Tr2 712 £274
Ezpiritu Samfo 045044 LR3I 1461 5% SR
158400 414810 T Ig5- <L418
San Juan O 0 142 {L0TAS L0613 007 162
mARI L A 0,349 LU
Househald Size DLOEO |G 00T M0
AT il
Size of Household Fanmn Lh 14| 7 -0 04952
-1 TR L5
Income Transfers LOMST (LSS
-LEaTe -1 675
a,, (coctlicient of the lverse Mills" ratio) -0aTeT
=L IE2
o, DGe2lG]
15551
P 313785
0271
R (LK 299
Adusted B2 0239
Percent Corvect Predictions TR, Loy
Log-Likelihood Function 320052 143, 300 -472.359
Number of Ohzevationg L 153 76

T-statistics are reported below the coefficient estimate:. For the 2-step edimated wage determinants, these ang

computed from robust-White standard enors.
*E_aemficant at 95% confidence mberval;

W e i e o RS el S e s



Table 6a. Testing for an Independent Schooling Effect

Heckman's Maximum Likelibood
2-5tep Procedure
Vanables ;
Frobat Wape Probit Wape
Equation Exuation Eiuation Erpiation
Constant 309853 56044 =3.091°75 09HTES
0TI 1,457 -5 40 1794
Reading Test (L5 01358 <O 001355
1 irz5ee -1,162 a2 0.7%1
Humeracy Test O.0000G 000367 000005 001369
LIRS 1.280 RIS 1.078
Expenence 021885 005549 0. 21882 HILEA R
4.189=" 0926 1900 57
Experience Squared 000742 000177 743 -0.00171
B B L 611 247 0313
Raven's Test 000347 (00928 0332 .00925
g 0230 eR? n207 [ Rz
Fatlwer's Cirade Auainment 105472 (147440 AIS455 004785
=426 E 90 1530 .50
Mdother's Grade Atiainment DS54 LT 356 005525 007371
1.27% -1 A 1.t -1.332
Fhighest Grade Alained 0 §2921 R N R L 005353
1A 1387 BN kLl 1.o12
Female (L T 1G] 240 1.00230 -] 196
AL s B AL0ER e 11
San Miguel Conacaste -] RES =01 (HIRG AL00G33 - 029ad
oAb B 0160 H10RS 172
Fapiriiu Santo (L4594 -LEZTR 04074910 =L LA 4 0
2. 260" ALARE T ALY
Han Juzm 0. 145805 007027 (145932 007026
0gld 0,40 [ L3 0.42%
Houzehold Size {1,008 2 (.0E25]
4E0A 4454
Zize of Household Farm -.05564 L) (5H30
L1 -1.592
Income Transfers MM -0.00047
=134 B s
o, (coclickent of the Inverse Mills' Ratio) 4105853
AL 24E
o, 0.61353
[l Rl
p - 10882
0201
R’ 0. 104 0.314
Adjusted R (1249
Percent Coimect Predictions T7.059
Lorg-Likelihood Ponction =524 600 -h4 1699 -4 0, 30T
Mumber of Chsevatkns G676 153 GTh

T-statistics are reported below the coefficient cstimates. For the 2-step estimated wage determinants, these ane

cemputed from robust-White standard ermors

*3_cipnificant ‘at 95% confidence mierval;



Table 6h. Testing for an Independent Schooling Effect

Heckman's haxcimmum Likelihood
2-Bep Procedure
Vartables
Pirobit Wage Probat Wape
Equntion Exquntson Eruaticay Exquation
Constant S R {.92582 -3. 18359 (.03345
Bl 1.340 oy § TG |24
Interamerican Reading Test 001191 A100445 AR [82 A100441
L1947 <1.372 SESE 932
Mumeracy Test 000401 001373 LUEITEE BT 000373
0377 1366 I3 1.14%
Experience 0.2 1983 0L.05280 {21978 0.05223
4 PO ORTH 10Ty 0568
Experience Squared A.00765 00160 00765 -0.001 58
-2.348"" 1545 Sl -0.295
Raven's Tesl LOLEAR L 001092 1.00475 ERET Y
R .TE2 0.2%% 0204
Father's Grade Attanusent 005642 (L0477 0, 05628 DaTas
-1.A6% L.2z% 1376 1.505
Mother's Grade Attaanment (LRSS L0657 NIRRT SO6YTS
1357 -1.E3E** 1175 1,274
Highest Grade Atiaised 0.14538 05931 145148 ERYRE
LR 1,394 R4 L. 1]
Female (L1752 0. 5986] 001695 1. 5966
1 4R -5 i %5 =} RN
San Migeel Conscaste 0011965 L0090 01409 A1INIRTS
LG 0047 L2 sl
Espiritu Sanfo 1. 39060 (LT 0.308K2 ST el
T.pnnr 507 1967 L1345
San Jiean 10, [H50E (1 (ERIA0 1. 16524 (LG
1.0 0.531 0713 0564
Househald Sime 112 110252
4,205 4, 4T
Seze of Household Fann 1OESTYD -LEA3K
<10z 158G
[ncome Translers L1 IHNMILS [N WML
-1 35" -1.251
a,, teoelfioient of the Inverse Bills" Batio) 05737
AL 1A%
a, 0G6i227
(I
P -1.0m0332
4175
® 0.los 0251
Adjusted R? 0.249
Pacent Cosrect Mredhichions 11515
Log-Likebhood Function 324,161 141450 4635652
Fumber of Obsevations G 153 T

T-statistics are roporied below the cocfficient estimates. For the 2-siep catimated wage delenuinants, these are
computed from robost-White standard emors.
**-significant at 95% confidence interval,

o e




LaDie be. 1 eSTmE Tor & Imdependent Schooling Effect

Heckman's bfnramum Likelibhood
2-5tep Frocedure
Vanables
Probit Wayre Probit Wage
Equation Equation Equation Erpuation
Constant -3026032 104650 =3.0000R7 1. I4 18R
iz S 1.5R1 6. 197 1527
Interamerican I*hmh.ﬂmy Teat (.00477 36 (RO E2 0, 00450
2 o5RA 0T 554 0407
Mumeracy Test 0TS L AL IR0 (REH e
1259 1051 S£0.237 &7
Expenence 021797 004795 021811 (L0400
R L 0796 3405 .42
Experience Souared L.00727 L0024 L0073 00,0052
22350 419 12200 A 17
Faven's Test 00243 LR R 0213 ILRLT b
AT 0T 0172 0766
Father's Grade Atlamiment AL05446 RN (LA {1.052350
1AL o AFIT 0.044
Mather's Grade Altlzinment (05 2y T 16R 52a] -OT a7
121D SR kbl |00 .37
Thghest Grade Atained 0 105 (LRdd 01 1R%3 LR Er
Iaage. FESH lxpurr 097
Fermnle 1] 554 AL e 156 AL 65T - G2
Rk 0,125 411332 ST
Lam l'-‘ﬁgur:] Commcnste UKL L2505 GG ALE2050
41278 - FER AL 18T 116
Espirilu Santo 0. 4ika4 AL ) LLAUET2 - HEny
2265 ALAAT 014 A
Sam Juan (1 3656 07 ELI3TSS 007228
LA I &t ] 1435
Household Size QLR2T0 DORIGS
4. Tager 4 IPE""
Size of Household Farm S5521 15630
At 1587
Income Transfers 10147 -[h OIS
1.3 - 378
a,,, (eoefficient of the Tnverse Mills’ Ratio) JLOTRR]
-0E
a, o626
i1 801
P 41 19685
E
Rt kB 310
Adjusted R? 0245
Percent Correct Prechictions 77.959
Log-Lakelihood Function -324 439 -142.126 -4, 557
Humnber of Obsevations 676 153 G 71

T-statistics are reported bebow the cocflicient estimates. For the 2-siep estunated wage determinants, tese e

computed from robus-White stasdard errors
**significant ai 95% confidence interval;
* _zignifieant 3t 99% confidenoe inferval,



Table 7. Determinants of Cognitive Test Scores

Imtermnerican
Variables

Peading Reading Vocabulary Mumes acy
Constant RIS -2 18319 =14 0F3E0 311747
E -1, 107" LA ~LaaE [.492
Ape (42035 01 4ARG5E (G360 S AL13619
OLIET (iR {ER] 0.7 Sl
Ape Bguared T2 A0 507 SO Z0E (L0 3R]
45T A£,462 NA .70
Highet Girade Aftained 4 2 TRR024 629159 S5HENL3
BT RAT RH15E LR
Highest CGirade Attgined Soquared AL 1G5TH -1 1609 L1 22400 -LZ11R
B 55 -4 135 AT & T
Raven's Teat {44470 uT03E £ s 045238
155 0zl nz12 128
Eaven's Test Squared SERHEARE 0Tl -2 45 L IS0 3
NN R 01 Rk EER B AL90S
Faven's Test * Ape LI TA (L5635 FEE ek 2] (.02334
12 03T 1022 1391
Baven's Tzt * Hgleesd Grade O20ES BN Rt R IR 00475
-1.483 £1,70% LIl Sfz*
Hiphest Cirade Attumned * Ape -D02340 100 IO -k TR
A1 4184 1074 27T
Femnle (133838 [ 455904 1 2R0GS -0 26475
0065 37547 A RdTe LA
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T-atateshics are reporbed below the cochicient estmtes.
*r.gignificant at 93% comlidence interval,
* _sipnificant 21 9% confidence interval.




