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Abstract

This paper analyzes the economic returns of schooling in Uruguay. Instru-
mental variables mean and quantile regressions are estimated. An indicator
of whether an Internet connection is available at home is used as an instru-
ment for the years of schooling of the household’s head. The evidence show
that the simple Mincer’s OLS estimates are downward biased. Controlled
for measurement error in schooling reports the estimates indicate that an

additional year of schooling increases wage rates by 22 percent.

Resumen

Este articulo analiza la rentabilidad de la educacion y el efecto de la crisis
uruguaya del 2002 sobre la misma. Se utilizan variables instrumentales para
estimar regresiones medias y cuantilicas. Un indicador de la disponibilidad
de conexion a Internet en el hogar es usado como instrumento para los anos
de educacién del jefe de hogar. La evidencia analizada muestra que las es-
timaciones MCO de la ecuacién de Mincer estédn sesgadas hacia cero. Las
estimaciones que controlan por la presencia de errores de medida en el rele-
vamiento de los anos de educacién indican que un ano adicional de educacién

aumenta el salario en 22 por ciento.



1 Introduction

How much to invest in education is by far one of the most important economic
decisions that both individuals and policy-makers face.

Hundred of studies in many different countries and time period have con-
firmed that better-educated individuals earn higher wage rates, experienced
less unemployment, and work in more prestigious occupations than their
less-educated counterparts (Card, 1999). Schultz (2003) argues that there
are three interrelated issues in the design of an efficient and equitable ed-
ucational system. First, the productivity of similar workers with different
level of schooling must be assessed. Second, the personal distribution of the
benefits of an educational program should not add to economic inequalities,
and if possible reduce them. Third, the specified levels of education should
be produced at least private and public costs. This paper explore the first
issue by estimating the private returns to education in Montevideo.

Two econometric issues arise from the empirical study of returns to school-
ing (Card, 1999; Ashenfelter and Krueger, 1994; Griliches, 1977 and 1979).
First, as is common knowledge the effect of survey measurement error in
schooling produce an attenuation bias on the estimates of the causal effect
of education. Second, there is an unobservable heterogeneity problem, i.e.
the expected relationship between unobservable ability and schooling upward
biased any estimated effect.

This paper proposes to overcome these estimation problems by using an



instrumental-variables approach. An indicator of whether an Internet con-
nection is available at home is used as an instrument for the years of schooling
of the household’s head.

The data used in this study are drawn from the Uruguayan Household
Survey from 2001 to 2005 (Encuesta de Hogares, Instituto Nacional de Es-
tadistica, Uruguay). The sample includes household’s head males aged 35-44,
private-sector full-time salaried workers residents in Montevideo.

The results indicate that the economic returns to schooling in Uruguay
may have been underestimated in the past. I find that, in mean, each year
of additional schooling equaled an additional 22 percent which is 10 and 12
points higher than Bucheli and Furtado (2000) and Miles and Rossi (1999)
estimates. It is important to note that different sample were used. Thus,
in order to evaluated the attenuation bias associated with the presence of
measurement error the comparison must be done with respect the 14 percent
premium OLS estimate from the selected sample over the period 2001-2005.

There are six sections to the paper. In the first I include a brief survey
about previous Uruguayan estimates of the returns to schooling. Section 2
is concerned with the description of the dataset. Section 3 examines the
econometric issues related to the returns to schooling estimates. Section 4
presents the equation to be estimated as well as the strategies I proposed in
order to overcome those issues. Results are analyzed in Section 5. Finally,

Section 6 concludes.



2 Empirical evidence about returns to school-
ing in Uruguay

Many papers have studied the returns to schooling in Uruguay during the
eighties and nineties (see Bucheli (2000) for an exhaustive survey).

The basic equation estimated correspond to a simple Mincer’s (1974)
equation; i.e. the log hourly wage rates is the dependent variable while
regressors include education level, years of working experience and its square
and other controls such as gender, tenure and industry.

Bucheli and Furtado (2000) estimates indicate that an additional year of
schooling increases wage rates by 9,6 percent in mean during the nineties.
They also found that returns to schooling decreased from 1986 to 1989 and
then rose until 1995. As a result the education premium were higher in the
nineties than in the eighties. An additional issue that is addressed by Bucheli
and Furtado (2000) is whether that premium is constant along the education
level. They included a quadratic form in years of schooling and found that
the respective coefficient is not significant different than zero before 1994 but
positive and increasing after that year.

Miles and Rossi (1999) estimate quantile regressions with the aim of an-
alyzing how do the returns to schooling varies among the different socioeco-
nomic groups. They estimate the premium to an additional year of schooling
measured within each of the five quintiles of the empirical wage distribution.

The authors found a U-shaped relationship between education premium and



quintiles. That is, the returns to each additional year of schooling is higher
at the initial and the tertiary education relative to the secondary education.
Finally, they conclude that the returns to schooling in the highest quintile
have experienced a significant increase during the nineties.

Bucheli and Casacuberta (2001), Torello and Casacuberta (1997) and
Bucheli (1992) suggest that the returns to schooling varies along the years of
schooling. In particular, they argue that there is a "degree premium" asso-
ciated to complete an education cycle and thus they propose to estimate the
returns to schooling using dummy variables for each education level. Arim
and Zopollo (2000) use the same approach and conclude that the premium
to the highest education level with respect to primary education decreases
from 1986 to 1991 and then increases until 1996. The evidence they analyze
also show that the premium of the secondary cycle is almost constant over
that period.

Bucheli et al (2000) find that the returns to schooling increases over the
life cycle. However they also show the rise in the returns to education during
the nineties have especially favored the youngest cohorts’ earnings.

Finally, some articles show that the returns to schooling is higher within

the private-sector workers (Trylesinky, 1991; Bucheli, 1994 and 1995).

3 Data

The data used in this study are drawn from the Uruguayan Household Survey

from 2001 to 2005 (Encuesta de Hogares, Instituto Nacional de Estadistica,



Uruguay). The survey frame is the civilian population of Uruguay living in
housing units in urban areas, decomposed in a survey for the metropolitan
area of Montevideo and another one for the population living in cities in the
rest of Uruguay.

The survey includes information about individual’s characteristics such
age, gender, labor status, education, wage rates and hours worked. The
survey ask about the last education level completed by the person and the
number of years approved in that level. During the period cover by the
used sample (2001-2005) there were neither changes on the questions about
education nor on those about wage rates and hours worked.

It is important to note that the question about the availability of an
internet connection at home is included in the 2001 questionnaire and after
but not before.

The sample I use includes household’s head males 35-44 years old resident
in Montevideo. I only include those who had a positive salary in the month
preceding the interview, i.e. at least one-month tenure, and who had worked
at least 34 hours during the week before the interview. I restrict the sample
to those who were employed in the private sector excluding entrepreneurs,
self-employed and those who work in the public sector.

The variable of interest is the real hourly wage, obtained as the salary
and benefits in the month just before the interview divided by four times
the hours worked in the week previous to the interview. We assume that

the hours worked in the week previous to the interview are the same for the



whole month just before the interview.

In Table 1 I present some descriptive statistics of the main variables.

4 Econometric issues

Recent studies of education and wage determination are almost always em-
bedded in the framework of Mincer’s (1974) human capital earning function
(Card, 1999). According to this model, the log of wage rates (w) in a given
time period can be decomposed into an additive function of a linear education

term and a quadratic working experience term,
logw; = aS; + Bexp; +7 (expf)2 + e (1)

where S} is true schooling, exp; is years of working experience and e; is
an unobservable random variable. «,  and vy are unknown parameters to be
estimated.

In the early literature following Mincer’s approach, equation [1] was com-
monly estimated by means of ordinary least square (OLS). This estimation
techniques assumes that the explanatory variables are uncorrelated with the
unobserved disturbance in the equation which for various reasons might no
be fulfilled. Many papers find conclusive evidence of the importance of the
measurement error in schooling levels (see, e.g., Ashenfelter and Krueger,
1994; Griliches, 1977 and 1979). Moreover, various research put into ques-
tion whether the observed positive correlation between schooling and wage

rates is caused by education or because correlation between schooling and



unobserved worker ability.

Therefore two main econometric issues arise in the empirical study of re-
turns to schooling. First, the effect of survey measurement error in schooling.
Measurement error in schooling would be expected to lead to a downward
biased in any OLS estimation of the relationship between schooling and earn-
ings.

Second, there is an unobservable heterogeneity problem, i.e. the expected
relationship between unobservable ability and schooling bias any estimated
effect.

Three approaches have been used to try to deal with these potential prob-
lems (Ashenfelter et al, 1999; Card,1999). First, to use a proxy variable (like
IQ tests) for unobservable ability. Second, estimates based on the earnings
and schooling of siblings and twins. Third, to follow an instrumental-variable
estimation strategy.

The first approach deals with the issue of ability bias by including explicit
measures that proxy for unobserved ability. IQ and related tests are an
example of such proxies (Griliches, 1977; Griliches and Mason, 1972). The
results of these studies have suggested that there is an upward bias in results
that lack an ability measure. The method of adding ability proxies has
been criticized, however, because it is extremely difficult to develop ability
measures that are not themselves determined by schooling. When the ability
measure is itself influence by schooling, the use of ability proxies will, in fact

bias estimates of returns downward.



The ‘siblings’ or ‘twins’ approach exploit a belief that siblings are more
alike then a randomly selected pair of individuals, given that they share
common heredity, financial support, peer influences, and environment. The
approach attempts to overcome omitted ability bias by estimating the returns
to schooling from differences between siblings or twins in levels of schooling
and earnings. Studies based on sibling or twin comparisons have suffered
from to primary criticisms. First, if ability has an individual component as
well as a family component, which is not independent of the schooling level,
the within-family approach may not yield estimates that are less biased than
OLS estimates. Second, if schooling is measured with error, this will account
for a larger fraction of the differences between the twins than across the pop-
ulation as a whole. This would imply that the bias from measurement error
in schooling is likely to increase by forming differences between twins, which
means the within-twin estimates will be biased downward. Following the lead
of Ashenfelter and Krueger (1994) innovative paper, many contributions to
the siblings literature have attempted to deal with the measurement error
problem by collecting multiple measures of schooling by questioning the sib-
lings about each other or by using independent measures of error variances
to adjust the estimates (see, e.g., Ashenfelter and Rouse,1998; Miller et al,
1995; Rouse, 1997). Many of these within-twin studies suggest that ability
bias is relatively small, although this is only the case when measurement error
has been controlled. Controlling for measurement error using instrumental

variable regressions Ashenfelter and Krueger (1994) find that the estimate of



the returns to schooling nearly double the simple OLS estimate.

Finally, the instrumental variable approach includes instrumental vari-
ables estimates of the returns to education based on institutional features
of the education system and estimates based on either controlling for fam-
ily background or using family background as an instrument for schooling
(Card, 1999).

One of the most important new direction of research in the recent litera-
ture on schooling is the use of institutional feature of the schooling system as
a source of credible identifying information for disentagling the casual effects
of schooling.

There are various studies that use the instrumental variable approach (for
a detailed survey see Card, 1999). Angrist and Krueger (1991) from U.S.
data use an individual’s quarter of birth (interacted with the year of birth
or the state of birth) as an instrument for schooling. Their IV estimates of
the returns to education are typically higher than the corresponding OLS
estimates.

Staiger and Stock (1997) re-analyze the 1980 Census samples used by
Angrist and Krueger and compute a variety of asymptotically valid con-
fiedence intervals for standard IV and limited information maximum likeli-
hood (LIML) estimates. They estimates are somewhat above the correspond-
ing conventional IV estimates and 50-70 percent higher than OLS estimates.

Card (1995) finds that when college proximity is used as an instrument

for schooling in the National Longitudinal Survey (NLS) Young Men sam-



ple, the resulting IV estimator is substantially above the corresponding OLS
estimator, although rather imprecise. Card also propose an alternative spec-
ification that uses interaction of college proximity with family background
variable as instrument for schooling, and includes college proximity as a di-
rect control variable. The IV estimate from this interacted specification is
somewhat lower than the estimate using college proximity alone, but still 30
percent above OLS estimate.

Harmon and Walker (1995) examines the returns to education among a
relatively large sample of British male household heads. The authors use as
instrumental variables for schooling a pair of dummy variables that index
changes in the minimum school leaving age in Britain -from 14 to 15 in 1947,
and from 15 to 16 in 1973. Their IV estimate is 2.5 times higher than their
OLS estimate. Card (1999) highlight that there are several aspects of their
estimation strategy that suggest their estimates may be upward biased.

(to be completed)

5 Econometric approach

A conventional assumption is that observed schooling (5;) differs from true

schooling by an additive error,

where v; is a random variable that satisfies E[v;] =E[Sfv;] = 0, and
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It is also frequent in the literature to assume that e; is a random two
component error term,

€; = 1; T &; (3)

I assume 7; ~ (0, 0727) represents unobservable characteristics of the individual
(such as ability or family background) that are potentially correlated with
S¥. On the contrary &; ~ (0, 02) capture unobservable agent’s characteristics
that are independent of S;.

The influence of working experience on the wage rates is captured by
a quadratic form. The dataset does not includes any question about the
individuals’ working experience thus just the potential working experience
(defined as Age—S;—6) would be observable. It is important to notice that
this measure is also contaminated by the measurement error in schooling
reports.

With the goal of overcome the latest problem I select a sample of males
aged 35-44. Within this group a linear term would be enough for capturing
the earnings heterogeneity that comes from working experience.

Therefore, manipulating equation [1], under the assumption that v =0 I

obtain,
logw; = 0o+ 015; + daAge; + ¢, (4)

G = m—av+¢& (5)

where 01 = a — 8 and do = (. It is clear that it is possible to recover the

structural parameters of interest (in particular «/) if consistent estimates of
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01 and 09 were available.

Unfortunately, as was previously addressed, the OLS estimate of d; in
equation [4] is biased and inconsistent. The OLS estimate is more biased
toward cero (the attenuation bias) the greater is the variance of the mea-
surement error (02) with respect to the variance of true schooling (o2.) . On
the other hand, recall that a positive correlation between true schooling and
ability -and thus between observed schooling S and unobserved heterogeneity
n;- would overestimate ;.

I propose to use an indicator of whether an Internet connection is avail-
able at home as an instrument for the years of schooling of the household’s
head. From my point of view it seems reasonable to think that this indica-
tor has nothing to do with schooling measurement error. Unfortunately the
independence of this instrument with respect to unobserved ability or family
background could be debatable. Thus, the instrumental variable estimates
could be somewhat upward biased. However, the evidence analyzed by previ-
ous studies show that this bias is very small compared to the bias caused by
schooling measurement error. Moreover, at the end of the day, it is possible
to think that the instrumental variables estimates correspond to an upper
bound to the returns to schooling, while the OLS estimates correspond to

the lower bound.

12



6 Econometric results

6.1 OLS and quantile estimates

Table 2 reports the results based on pooled cross-section OLS and quantile
regressions for the period 2001-2005. These results are comparable to the
previous estimates from Uruguayan data. Notice that these estimates ignore
the potential bias introduced by the correlation between, e.g., earnings and
either schooling level and family background or the schooling measurement
€rror.

The OLS regression estimates indicate that each additional year of school-
ing increases by 14 percent the hourly wage rate in the private sector. That
numer is somewhat greater than the Miles and Rossi (1999) estimates for
the period 1986-1997 (10.0 to 12.1 percent) and substantially higher than
the OLS estimation by Bucheli and Furtado (2000) for that period (8.6 to
10.5 percent). There are two aspects that could also contribute to explain
the difference with respect to Bucheli and Furtado results. First, as they
do I use a sample of salaried private-sector workers but I restrict the data
to males aged 35-44, while they select a sample of both males and females
aged 18+. Second, their estimate includes controls for firm size and industry,
which has the effect of reducing the estimated effect of education. In con-
clusion, evidence seems to indicate that there were an moderated increase of
the returns of schooling between the nineties and the first half of the current

decade.
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I can also compare the quantile regressions results to those of Miles and
Rossi (1999). They find a U-shaped relationship between education premium
and quantiles. The estimates in this paper (see Table XX), however, indicate
that there is a monotonically increasing pattern of the returns to schooling
over the deciles of the empirical distribution. The average return is 10.5 per-
cent (9.1 plus 1.4) at the first decile and rise to 17.8 percent ( 15.4 plus 2.4)

at the ninth decile.

Other considerations arise from results in Table 2. First, a dummy vari-
able that capture the occurrence of the 2002 Uruguayan crisis is included.
The respective OLS estimate indicates that the average wage rates has exhib-
ited a significant fall of approximately 30% between January 2001-September
2002 and October 2002-December 2005. That fall, moreover, shows a decreas-
ing behavior along the wage distribution. It attains a significant 40% within
the two first deciles, decreases to approximately 25% for the forth, fifth and
sixth deciles and becomes no significant in the four highest deciles. Accord-
ing to this result the crisis effect was concentrated in the poor groups of the
population, an thus, it has increased the income inequality.

Furthermore, an interaction between years of schooling and the crisis’s
dummy (SDC) is included in order to determine whether the crisis has af-
fected the education premium. The coefficient is not significant both in the

mean and the quantiles regressions.
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6.2 Instrumental variable estimates

I propose to use an instrumental variable estimation strategy in order to over-
come the potential bias of the OLS estimates caused by that measurement
error in schooling reports. I use an indicator of whether an Internet connec-
tion is available at home as an instrument for the years of schooling of the
household’s head. This variable is clearly independent of the measurement
error and it is expected to be correlated with true schooling. In particular, an
OLS regression of observed schooling over the proposed instrument performs
an R-square of 0.22 and estimates a strongly significant coefficient of 3.95
with a t-ratio of 27.

Table 3 reports the corresponding estimates. Consistent with all the
empirical literature, the estimates are much larger than those using OLS
techniques. Results indicate that each year of schooling increase the wage
rates by 22 percent (19.4 plus 2.9), which is substantially greater than the
OLS estimate of 14 percent.

A conventional Hausman test of the difference between the OLS estimates
and the instrumental-variables estimates rejects the hypothesis that these
(and the remaining coefficients) are equal with a W of 201 (p-value 0.00).
This result can be interpreted as evidence of the presence of measurement
error in schooling reports.

This estimate is surprisingly higher than expected and a bit greater than
the international standards (see, e.g., Ashenfelter and Krueger, 1994). How-

ever it matchs the fact that, in the used sample, the unconditional mean of
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the wage rate of a 12-year educated worker more than double that of a 6-
year educated; and the mean wage rate of a 16-years educated worker exactly
double the average salary of a 12-years educated one. The IV estimate of the
dummy is also very high relative to that of OLS techniques, and attains in
mean to 39 percent, indicating that the effect of the crisis on the wage rate
was higher than the OLS result suggests. On the other hand, the results of
the IV quantile regressions differ from the traditional because the former in-
dicates that the fall of the wage rates was significant in all the decile groups.
IV estimates indicate that the wage rates decline approximately 30 percent
first three deciles, 22 percent in the deciles fourth to eighth and 16 percent
in the ninth decile. In conclusion, there is evidence that the wage rates have
experienced a strong fall because of the crisis.

In addition, and different than in the OLS estimation, the coefficient of
the interaction between the years of schooling and the crisis’s dummy results
significant and positive, of the order of 3.5 percent. Notice, however, that this
coefficient is significant in the first three deciles while insignificant different
than zero in the remaining deciles.

The increase of the returns to schooling from the crisis could be inter-
preted as evidence about a greater international mobility of the more skilled
workers with respect to those who are less educated: the labor demand has
to pay more or -as is the case in the recent years- at least reduce less the
wage rates in order to keep the employees. Pellegrini and Vigorito (2005)

analyze evidence that indicates that this would be the case because the well-
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educated are overrepresented within the group of those who have emigrated

from Uruguay during the last years.

7 Concluding remarks

Results indicate that each year of schooling increase the wage rates by 22
percent. Thus, it is possible to conclude that education is a very profitable
investment in Uruguay. The evidence show also that returns to schooling
have been increasing over the two last decades, and also have increased from
2002 uruguayan crisis. As is well known those who have being enrolled in
the highest levels of education is disproportional from better-educated and
wealthiest families. That evidence put under question the fairness and the
efficiency of public subsidies for education, in particular for those which go

to the tertiary cycle. (to be completed)
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