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Abstract

The National Secretary for Higher Education, Science, Technology and Innovation in Ecuador (locally SENESCYT)
started an ambitious grants program in 2011. The main objective of the program was to send Ecuadorian students to
undertake postgraduate studies at universities overseas. This article evaluates the impact of this grant policy on the
labor income of the beneficiaries after they have completed their studies abroad and returned to Ecuador. Using a
fixed-effects with lagged dependent variable model combined with a propensity score matching, we find a negative
impact on the income of the grant holders during the first year following their return to the country. For the second year,
the effect is non-significant. During the third year, the impact becomes significant and positive. The grant holders who
returned having completed their postgraduate program abroad had a 9% higher employment income in the third year
than those who did their postgraduate studies in Ecuador. The program's effect concentrates on women, the
low-income group, and on those beneficiaries that studied in the USA.

Keywords: Ecuador, impact evaluation, labor income, postgraduate, grant program, fixed-effects, and lagged
dependent variables with propensity score matching

1. Introduction

The effect of education on future employment income is widely recognized in the literature on human capital. In this
regard, the classic works by Becker (1962 & 1964), Mincer (1970), and Schultz (1975) formally and empirically
established the potential link between investing in education today to achieve better labor income in the future.

There is extensive empirical literature that analyzes the relationship between education and labor income, both for
developed and developing countries. For example (Psacharopoulos & Patrinos, 2004) reviewed the educational
returns for different regions of the world. A critical conclusion in this review was that for developing countries, the
educational returns are more significant than for developed countries.

There is also crucial empirical literature that analyzes the effect of research grants on scientific or technological
knowledge. As an example for the United States, see (Arora & Gambardella, 2005). For Latin America see
(Chudnovsky et al., 2006), (Ubfal & Maffioli, 2011), (Benavente et al., 2012), and (Benavente et al., 2007).

Regarding the theory of human capital argument, having a postgraduate qualification improves future labor income.
Some studies confirm this relationship for Latin America. See, for example, (Cubillos Caldercn et al., 2016) and
(Mendoza, 2014).

More specifically, the literature also shows that grant programs for international mobility for postgraduate studies,
positively affect the development of the human capacities of the beneficiaries. See, for example, (Vincent-Lancrin,
2011), (Fierro & Ponce, 2017), (Bonilla Landaverry & Kwak, 2015), (Aggio et al., 2017).

The empirical evidence is scarce in relation to the impact of grant programs on labor and income in Latin America is
scarce. Bonilla Landaverry & Kwak (2015) found that in grant programs for postgraduates in Guatemala, almost 90%
of the holders reported a salary increase once they had concluded their studies, while the remaining 10% indicated that
their remuneration stayed the same. This study involved 84 grant beneficiaries. The study did not have a control group.
In the same line, Luchilo (2009) did a descriptive analysis of the occupational trajectory of Mexican students who
received a CONACYT (National Council of Science and Technology) grant between 1997 and 2006. He found that the
former grant holders, who completed their master’s abroad, had an employment rate of 87.6%, compared to an
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employment rate of barely 77% among the former grant holders who finished their master’s in Mexico. The
beneficiaries who obtained a doctorate abroad were 91.8% compared to 87.5% of those who graduated in Mexico. The
main occupation of those graduates abroad was in the sector of superior education. The people who studied abroad
worked mainly in higher education.

Similarly, Aggio et al (2017) carried out a study about the Argentinian program (BEC.AR), which was established in
2012 with the support of the Inter-American Development Bank. The program mainly promoted master’s degrees in
science and technology in institutions abroad. The paper analyzes the effect of 196 grants directed to postgraduate
studies in Brazil and South Korea. They found that 60% of grant holders went straight back into work following their
return, and a further 25% did so within six months. Concerning the level of income, they found that the proportion of
former grant holders with above-average income increases was around 45%, a much higher figure than that of the
control group (approximately 28%). These results could be biased because the control group was formed by applicants
that did not get the program, i.e., selection bias.

The present study undertakes a causal analysis of the effect of the grants for master’s studied abroad on labor income in
a developing country using a rigorous combination of econometric techniques and following the incomes of the grant
holders for three years after they returned to Ecuador. To correct any possible selection bias, which is very common in
this type of program, the control group consisted of people who applied for a grant and were awarded one but did not
use it and decided to get their master’s degree in Ecuador. We found no impact during the first and second years after
the holders returned to Ecuador. However, we see a positive and significant impact during the third year.

The following section provides a detailed description of the grant program to be evaluated. Then, we describe the
database and the methodology used. After that, we show the results obtained. Finally, we discuss our results and
introduce the conclusions in the final part.

2. Description of the Grant Program and Country Background

Ecuador is a lower-middle-income country (Note 1) characterized by high poverty levels (Note 2) as well as high
inequality (Note 3). The gross enrollment rate of tertiary education is around 25%, and postgraduate education is less
than 1%.

In 2010, a new Law of Higher Education (locally LOES) in Ecuador came into operation. This law created the National
Secretariat for Higher Education, Science, Technology, and Innovation (SENESCYT). This institution is responsible
for awarding grants at the undergraduate and postgraduate (master and Ph.D. programs) levels for studies in
world-class universities.

The following table shows both the number of grants awarded and the budget allocated - which increased substantially
from 2011 - in millions of dollars. The budget allocated to the whole grant project rose to US$ 360 million in 2015.

Table 1. Number of grants and budget implemented

Year Grants Amount (millions)
1995-2010 660 24

2011 1754 37

2012 3102 82

2013 5392 168

2014 5090 261

2015 6063 360

Source: SENESCYT. Figures up to August 2015

This study focuses on evaluating the grant holders in two of the project's programs: Open Competition and
Universities of Excellence. In both programs, the aim is to award full grants to applicants for their postgraduate
studies in person in academic institutions located abroad. The Universities of Excellence (Note 4) program has a
restricted list of study centres that make awards not only to postgraduate candidates but also to undergraduates. The
values of the grants are higher than for the Open Competition program. Each year, the list of educational institutions
changes the application requirements for both programs.

It is essential to mention that beneficiaries of the program had an obligation to return to the country once they have
finalized their postgraduate studies. If they do not return to the country, they have to reimburse the total amount of
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the grant.

For this study, grant holders are defined as those who completed the process for the approval of the grant and took it
up, in other words, traveled abroad to carry out their postgraduate studies. The awardees are those who were
approved for the grant but did not sign the contract and travel. This is an important distinction because, as will be
seen, it is part of the methodological strategy.

The following table shows the number of grant holders and awardees for each of the two programs being studied
from 2011-2013.

Table 2. Grant holders and awardees per type of program and year

Open competition Universities of Excellence
Year  Grant holders Awardees Grant holders Awardees
2011 759 312 0 0
2012 1150 487 187 33
2013 252 761 49 431

Source: SENESCYT

The grants for the Open Competition program were worth from US$ 65,437 to US$ 108,332 for a master’s program,
depending on where the university was located, with Latin America qualifying for the lowest amount and Europe the
highest. In the case of grants for a doctorate program, the amounts went from US$ 16,588 to US$ 217,649. There
were 1,259 universities that qualified for Open Competition grants.

The grants for the Universities of Excellence program were worth up to US$ 250,000, also depending on the location.
For Latin America, the lowest amount was given, while the United States qualified for the highest amount. The
grants were for master’s anddoctoral degrees. There were 175 Universities of Excellence.

3. Methodology
3.1 The Database

As a starting point, we looked at a panel database from SENESCYT, with information about the awardees and
holders of the grant programs and put it together with the database of the Tax Office of Ecuador (SRI), where data
from the declaration of income is available. In refining these databases, we excluded those who had not registered
any labor income during the period in question and those who had been awardees on several occasions. The total
number of individuals was of 452 for the treatment group (holders), and 352 for the control group (awardees). The
selected participants had complete information of incomes during 2009 and 2010, previous to the implementation of
the program, as well as income information for 2014, 2015, and 2016, after the studies were completed and the
beneficiaries returned to the country. From this total in the control group, the number of awardees that studied a
master's program in Ecuador was 158. The control group was restricted to this group of individuals who studied a
master's program in Ecuador.

3.2 Identification Strategy

When working with a panel database, if the same unit is observed on several occasions over time, there are many
advantages regarding the possibility of finding causality. One of the main advantages when keeping the same unit
across time is the possibility of correcting for unobservable effects that remain fixed in time.

Let us assume a linear model as follows:

Yie= Bo+ Xy +ci +ey 1)

where the subscript i refers to the unit (in this case, individuals), and the subscript t refers to time. Y;, is the
outcome variable (which may be the logarithm of income), X;; is a vector of control variables that change over time,
¢; is a component of unobservables at the level of individuals that does not change over time, and finally e;, is the

idiosyncratic error term. The inclusion of the term ¢; makes it possible to correct for unobservable effects (provided
that these are fixed in time).
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For our case, given that the objective is to evaluate the impact of a specific intervention, and following the
methodology proposed by (Angrist & Pischke, 2008), the following specification is appropriate:

Yier = Bo + XiwoB + Ty + Yo+ ¢ + 7 + €3¢ (2
where Y1, Xit, ¢; Y e; are the same as in Equation (1), 7, is the time effect for all individuals in the period t. In
addition, the lagged dependent variable (2009 and 2010) is included as a control variable, and T;; is the variable that

indicates whether the individual receives the treatment or not. The impact of the intervention would be given by the
parameter a.

In addition to the above, the probability of participation in the program can be used to match data based on observable
characteristics since important information is available from the baseline (that is, for the years 2009 and 2010). There
are many ways to carry out this matching: the nearest neighbor, the five nearest neighbors, using the whole distribution,
etc. Recent developments in the matching literature indicate potential problems with the efficiency of the matching
estimators when the bootstrap is used to calculate the standard errors (Abadie & Imbens, 2011). Hirano et al.,
(2003)and Hirano & Imbens (2001) proposed another matching method to obtain totally efficient estimators. It requires
estimate Equation (2) using weighted least squares, where the weights used are 1 for the treated units and 7'(X) /
1—T (X)) for the control units. (Note 5) In this case T is the conditional probability of participation in the program
propensity score) estimated based on a probit model (selection equation) in the following format:

T; = X'itom + ¥Yieo + Vs (3)

where T; is a dummy that takes the value of 1 if the individual takes part in the program and zero if not; X';;, is a
vector of baseline variables that includes dummies: regional, program area, ethnic group, and sex; Y, is the baseline
result variable (log of income in 2009 and 2010) and v;; is an error term that follows a normal distribution.

This methodological strategy is based on a combination of fixed effects and lagged dependent variable model with a
propensity score matching. In this way, the model is corrected by observable and unobservable variables,which do not
change over time, to avoid possible bias in the estimation. In addition, the baseline matching enables that treatment and
control groups are similar and comparable from the beginning.

Despite correcting for observables and non-observables, the combination of lagged dependent variable and fixed effect
with matching does not allow to correct for possible selection bias, which is very common in programs of this kind. In
other words, those who apply for the grants may have different non-observable characteristics from those who did not
apply. For instance, they may be students with greater motivation and enthusiasm who take better advantage of the
grant opportunities. Therefore, simply comparing beneficiaries with non-beneficiaries does not allow possible
selection bias to be corrected. It was decided to choose as a control group those individuals - who we defined as
awardees - who did apply for a grant and were even awarded one but did not manage to study abroad. The treated group,
who applied for and received a grant but also used it, in other words, went to study overseas, were defined as grant
holders.

This methodological strategy, known as "pipeline comparison”, enables selection bias estimates to be corrected
(Angrist, 1998). The main idea is that when using the pipeline comparison strategy, the effect of the non-observable
variables in the selection process is corrected, whereas when using the fixed effects with lagged dependent variable
model, non-observables fixed in time are corrected. Finally, the use of matching in the baseline allows to correct for
observables at baseline.

As mentioned previously, to achieve robust results, we restricted the control group to those who carried out their
postgraduate studies in Ecuador. The previous allows comparing people with similar levels of education (postgraduate
level). We can compare the effect of getting the postgraduate degree by using the grant and studying at universities
abroad versus getting the postgraduate degree in Ecuador and not using the grant.

4. Results

In this section, we present the results. The following table shows the means of some variables for treatment and control
groups at baseline. The results indicate no significant differences in the variables of sex and ethnic group, but there are
differences in pre-intervention incomes.

Published by Sciedu Press 86 ISSN 1927-6044 E-ISSN 1927-6052



http://ijhe.sciedupress.com International Journal of Higher Education \ol. 10, No. 6; 2021

Table 3. Means comparison of treatment and control groups before matching

Variable Controls sd Treated sd p-value
Sex 0,316 -0,467 0,358 -0,48 [0.334]
Afro-Ecuadorian 0,006 -0,08 0,004 -0,066 [0.787]
White 0,025 -0,158 0,042 -0,201 [0.287]
Indigenous 0 0 0,004 -0,066 [0.158]
Mestizos 0,937 -0,244 0,927 -0,26 [0.672]
Montubio 0,032 -0,176 0,022 -0,147 [0.541]

Log of income 2009 9,719 -0,983 9,373 -1,075 [0.000]
Log of income 2010 9,976 -0,834 9,636 -0,968 [0.000]
N 158 452

As indicated in the methodology, propensity score matching was used, as defined by (Hirano et al., 2003), to balance
the baseline treatment and control groups. The selection model used for estimating the propensity score is presented in
Annex 1.

To confirm that the matching functions correctly, the regression results are presented in the following table. The
independent variable is the treatment dummy and the regressors are the baseline incomes (in logs). There are no
instances in which the coefficient is significant, which shows that matching succeeds in balancing baseline treatment
and control groups in terms of incomes.

Table 4. Means comparison of treatment and control groups after matching

. Log of income Log of income

Variable Sex
2009 2010

T -0.029 -0.048 -0.004
Std. err 0.084 0.065 0.034
p-value 0.728 0.457 0.904
N 610 610 610
r2 0 0.001 0

The dependent variable of the regression is the treatment variable. The first row reports the coefficient of the regression
of T on each variable (log of income 2009, 2010 and sex). The second row reports the standard error, and the third row
reports the p-value of the regression.

The results of the impact of the grant program are shown for the three years following the return of the grant holders:
2014, 2015, and 2016. As mentioned, Equation (2) is estimated using weighted OLS. To that effect, three
specifications are used. Specification 1 includes just the treatment variable and the baseline log of income for 2009 and
2010. In addition to the variables in specification 1, specification 2 consists of the sex and ethnic group dummies. In
addition to the variables in specification 2, the third specification comprises the area of study and the country applied
for.

The results are shown in the following table:

Published by Sciedu Press 87 ISSN 1927-6044 E-ISSN 1927-6052



http://ijhe.sciedupress.com International Journal of Higher Education \ol. 10, No. 6; 2021

Table 5. Impact of postgraduate studies abroad on employment income in 2014, 2015 and 2016

2014 2015 2016

Variable Esp 1 Esp 2 Esp 3 Esp 1l Esp2 Esp3 Espl Esp2 Esp3
T -0.378 -0.378 -0.54 0.165 0.165 -0.029 0.253 0.253 0.087
Std. Error 0.034 0.034 0.034 0033 0.033 0.032 0.034 0.034 0.033
Inc_2009 0339 0339 0.323 0.339 0.339 0.32 0.387 0.387 0.366
Std. Error 0.021 0.021 0.02 0.021 0.021 0.019 0.021 0.021 0.02
Inc_2010 0.724 0724 0648 0.716 0.716 0.621 0.662 0.662 0.58
Std. Error 0.021 0.021 0.02 0.02 0.02 0.019 0.02 0.02 0.02

Number of cases 4880 4880 4830 48830 4880 4880 4880 4880 4880
Number of groups 610 610 610 610 610 610 610 610 610

Specification 1 includes just the treatment dummy and the baseline log of income for 2009 and 2010. Specification 2
includes, in addition, the sex and ethnic group dummies. Specification three includes, in addition, the area of study and
the country applied for. Legend: b/se.

There is a significant and negative effect for 2014 of about 5%. No significant effect was found in 2015, and finally,
there is a substantial and positive effect in 2016 of 8.7%.

The results for 2014 and 2015, which are the initial years following the return of the grant holders, can be
hypothetically explained in part by the initial difficulty of getting into the labor market in the country after being
abroad for their studies.

4.1 Heterogeneous Effects

The data allows us to estimate heterogeneous effects by sex, income, and region of study.
Regarding sex, results are showed using the complete specification (3) in the following table.
Table 6. Impact of the program by sex on employment income in 2014, 2015 and 2016

2014 2015 2016

Variable Women Men Women Men Women Men

T -0.44 -0.66 0.094 -0.17 0.464 -0.12
Std. Error 0.048 0.042 0.048 0.036 0.056 0.037
Inc_2009 0.193 0.294 0.345 0.206 0.49 0.242
Std. Error 0.034 0.024 0.034 0.02 0.04 0.021
Inc_2010 0.257 0.487 -0.072  0.509 -0.075 0.518
Std. Error 0.04 0.025 0.04 0.021 0.047 0.022
Number of cases 1696 3184 1696 3184 1696 3184

Number of groups 212 398 212 398 212 398

Results for specification 3 are reported by sex. It includes as control variables the following: lagged log of incomes for
2009 and 2010, dummies for ethnic group, the area of study and the country applied for.

For women, results show a negative impact during the first year and then a positive and significant impact during the
second and third year. During the second year and third year, the program'’s impact is around 9% and 46%, respectively.
In the case of men, results show a significant and negative impact of the program during the three years.

To analyze the impact by income, we defined two categories: low income, i.e., those below the average income in 2009,
and high income, i.e., those above the average income in the year 2009. Results are shown in the following table.
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Table 7. Impact of the program by baseline income in 2014, 2015 and 2016

2014 2015 2016
Variable Low High Low High Low High
T -0.642 -0.524 -0.083 -0.088 0.174 -0.06
Std. Error 0.057 0.036 0.048 0.036 0.058 0.033
Inc_2009 0.297 0.64 0.417 0.539 0.413 0.604
Std. Error 0.032 0.03 0.027 0.03 0.032 0.027
Inc_2010 0.478 0.308 0.306 0355 0431 0.291
Std. Error 0.034 0.027 0.028 0.027 0.034 0.025

Number of cases 2160 2720 2160 2720 2160 2720
Number of groups 270 340 270 340 270 340

Results for specification 3 are reported by income. Low income is the group of those with incomes below the average
in the year 2009. High income are those with incomes above the average in the year 2009. The regression includes as
control variables the following: lagged log of incomes for 2009 and 2010, dummies for sex and ethnic group, the area
of study and the country applied for.

The program's impact is significant and negative for the low-income group in 2014 and 2015 but becomes positive in
2016. The magnitude of the effect in 2016 is 17%. In the case of those in the high-income group, on the other hand, the
effect is always significant and negative, even in the year 2016.

The following table shows the results for the region of study applied for. We defined three groups: the United States of
America, i.e., USA and Canada; Latin America; and other regions, i.e., Europe, Australia, and Asia.

Table 8. Impact of the program by region applied (in 2014, 2015 and 2016)

2014 2015 2016
Variable USA LAC Other USA LAC Other USA LAC Other
T -0.641 -0.437 -058 -0.245 -0.146 0.038 0.632 -0.068 0.086
Std. Error 0.104 0.061 0.042 0.094 0.057 0.039 0.088 0.06 0.042
Inc_2009 0.122 0.414 0.244 0.067 0.283 0.269 0.258 0.337 0.341
Std. Error 0.084 0.037 0.024 0076 0.035 0.023 0.071 0.037 0.024
Inc_2010 0.626 0.415 0.3 0.68 0.431 0.445 0.387 0452 0.414
Std. Error 0.09 0.037 0.027 0.081 0.035 0.025 0.076 0.037 0.026
Number of cases 512 1152 3216 512 1152 3216 512 1152 3216
Number of
groups 64 144 402 64 144 402 64 144 402

Results for specification 3 are reported by region applied. USA includes Unites States and Canada. LAC includes all
Latin American countries. Other includes Europe, Australia and Asia. The regression includes as control variables the
following: lagged log of incomes for 2009 and 2010, dummies for sex and ethnic group, and the area of study.

In the case of the USA, the results are significant and negative in the first and second year, and then become positive in
the third year. The magnitude of the impact in the third year is 63%. In Latin America, the results are significant and
negative in the first and second years. In the third year, the results are not significant. Finally, in other regions, the
results are significant and negative in the first and second year and become positive in the third year. The magnitude of
the impact in the third year is 8%.

In sum, the analysis of heterogeneous effects allows us to conclude that the program's impact concentrates on women,
on the low-income group, and on those beneficiaries that studied in the USA and Europe.

5. Discussion
Ecuador initialized a grants program during 2011. The program's objective was to support graduate students to carry
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out postgraduate studies in high-level universities from all over the world. The budget dedicated to the program
increased considerably. During the five years prior to the program, the total amount devoted to grants was 24 million
dollars. Between 2011 and 2015, the total amount devoted to grants was 908 million dollars. Despite the significant
amount dedicated to the program, no impact evaluation study was planned.

The literature available on the impact of this kind of program on beneficiaries' future income is limited. We did not find
any study that evaluates the impact of grants programs on income using several years after the finalization of the
postgraduate studies. In this regard, our paper allows us to analyze the evolution of the program’s impact during three
consecutive years after the grant holders returned to Ecuador. We found some evidence of improving the labor
conditions of these programs in Latin America. Using several econometric techniques, we contribute to the literature
evaluating the impact of an Ecuadorian program that consisted of delivering grants to study postgraduate program
abroad. We found a significant and positive impact of the program on labor income. In addition, we found
heterogeneous effects. The program's impact concentrates on women, on the low-income group, and on those
beneficiaries that studied in the USA and Europe.

6. Conclusions

By combining administrative data, and econometric techniques, we evaluated the effect of the grants program on labor
incomes during three years after the grant holders returned to Ecuador. The results show an initial negative effect
during the first year, a non-significant effect during the second year, and a positive and significant effect during the
third year. The initial results may be hypothetically explained by the difficulties experienced by the grant holders in
incorporating into the labor market after studying abroad. Once in the labor market, the returned grant holders have
incomes that increase over time more rapidly than those in the control group. Concerning this last result, it would be
worth investigating the factors that cause this trend.

We found heterogeneous effects of the program. The effects are different by sex, income, and the country applied for.
The analysis of heterogeneous effects allows us to conclude that the program's impact concentrates on women, on the
low-income group, and on those beneficiaries that studied in the USA and Europe.

Notes

Note 1. In 2019, its per capita GDP was 4,138 in constant 2010 US dollars.

Note 2. Around 25% using the poverty line of $ 84 (per capita per month) in 2019.

Note 3. The Gini coefficient was 0,45 in 2019.

Note 4. The total number of universities of excellence was 175. The list was constructed using international rankings.

Note 5. When this weighting is used the average treatment in the treated units is obtained. In order to obtain the average
treatment for the whole population, the weightings are 1 / (T (X)) for the treated unitsand 1 / (1 -T (X)) for the
control units. See (Hirano et al., 2003).
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Annex 1

Probit model of program participation

T dF/dx Std.Err. z P>z x-bar [ 95%C.l. ]
Sex 0,014 0,027 0,540 0,591 0,349 -0,038 0,067
White 0,134 0,125 0,850 0,396 0,038 -0,111 0,380
Mestizo 0,047 0,191 0,250 0,800 0,933 -0,327 0,420
Montubio -0,049 0,209 -0,240 0,807 0,025 -0,459 0,361
Log of income 2009 -0,027 0,018 -1,510 0,130 9,463 -0,062 0,008
Log of income 2010 -0,055 0,021 -2,660 0,008 9,738 -0,096 -0,015

Obs. P 0.7401316

Pred. P 0.7465435

Results of the program participation model used to estimate the propensity score in order to compute the weights used
to estimate equation (2). Based on Hirano, Imbens and Ridder (2003).
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