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Abstract

This article analyzes the relationship between child labor and school performance in mathematics in Mexican elementary and junior high school
students at a national level. The analysis employs the instrumental variables method, given that the joint modeling of child labor and school
performance can generate endogeneity. Even after controlling for household poverty, educational modality, and the degree of marginalization of the
community, findings show that the effect of child labor on school performance is negative, regardless of whether a child is employed in a family
enterprise or not, at both school levels. Analysis of gender reveals that there is evidence that this effect is more pronounced in girls than in boys.
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1. INTRODUCTION

Child labor is a complex phenomenon occurring for a variety of causes associated to the child’s economic, social, and family context. Empirical
evidence shoes that some of the most consistent determinants for child labor are the head of the family’s level of education and the household’s poverty
level (López-Calva and Madrid, 2006). According to the National Institute of Statistics and Geography (National Institute of Statistics and Geography
[INEGI], 2020), 21.5 million children and adolescents between the ages of 5 and 17 in Mexico are involved in economic activity, equivalent to 7.54% of
the Mexican child population. 48.75% of children working state that they do so due to financial need, 26.6% by choice or to help out, and the rest to
learn a trade.

Working children have fewer available hours to take care of school activities and sometimes have to give up their rest or leisure time to fulfil school
obligations. In Mexico, children who do not work study an average of 34.2 hours a week, while those who work study 28.5 hours a week (INEGI, 2020).
This implies a greater challenge for working children to acquire the skills and competencies taught in schools. Reading, writing and basic arithmetic
skills are the foundation on which future technical and professional qualifications are built. These skills are obtained during elementary school and are
honed during middle and high school.

Therefore, child labor reduces the probability of school attendance in the long-term as well as the number of years students obtain passing grades
(Beegle et al., 2009). This, in turn, affects future income because it also causes a reduction in the skills obtained during formal education (Ilahi et
al.,2009). However, various effects have been found; in the case of male students, there is evidence that joining the workforce at a very young age has
a negative impact on future salaries. However, joining the workforce between the ages of 12 and 14 shows a positive impact on salaries (Emerson and
Souza, 2007).

The relationship between child labor and health, education, capital markets and conditional transfer programs are studied in specialized literature
(Acevedo et al., 2011). Estimates show that child labor increases inequities in income and gender and reduces the accumulation of human capital (Galli,
2001).

This article aims to analyze the relationship between child labor and academic achievement in basic education in Mexico. According to Sánchez et al.
(2009), when looking at indicators and statistical significance, the most reliable predictor in academic achievement is child labor. The literature on child
labor in Mexico is vast and varied. However, there are few current studies that look at child labor in relation to academic achievement.

Using data from 1993, Binder and Scrogin (1999) found no significant negative impact of hours worked on academic performance. Blanco (2008 and
2011) studied a comprehensive set of factors linked to academic achievement, including work, and found that the negative impact on performance
increased as the workload was greater. Cervini (2015) shows that child labor has a negative impact on academic performance. It addresses the issue in
16 Latin American countries, and in the case of Mexico only has information about the state of Nuevo León.

The status of data needs using the latest national standardized tests needs to be updated. It should be noted that the joint analysis of the variables of
child labor and academic performance imply the possibility of simultaneity, reverse causality, and omitted variables, which are a source of endogeneity.

This is because low academic achievement can influence the parents’ decision-making process in sending their children to school (Gunnarsson et al.,
2006). When looking at older students, low academic achievement can also motivate them to spend time that they had earmarked for study in ways
they perceive to be more advantageous, such as working (Warren and Lee, 2003; Bozick, 2007). Conversely, high academic achievement can
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incentivize students to both study and work (Sibaja, 2009). The estimates of econometric models affected by endogeneity are biased and inconsistent
(Angrist and Pischke, 2009; Wooldridge, 2010). Post and Pong (2009) found that their study sample, using ordinary least squares (OLS),
underestimates the real effect of child labor.

This research article seeks to contribute to a greater understanding of the subject matter by analyzing the case of Mexican elementary and middle
school education. The goals of this study are: 1) to estimate the meaning and magnitude of the relationship between child labor and academic
achievement in elementary and middle school; 2) to show if gender affects the impact of child labor on academic achievement differently, and 3) to see
if there are differences in academic achievement when children and adolescents work in a family business versus a non-family business. To achieve the
objectives put forward, an econometric analysis was developed using instrumental variables (IV) to present empirical evidence taken from the most
recent data available in Mexico for mathematics.

The article is organized in the following manner. The second section looks at the data, variables and the type of child labor that is being analyzed.
Arguments and justification for the use of econometric models that support the study are also put forward. The third section presents the results. At the
beginning of this section the statistical testing that validates these findings is shown. Later, the effects that child labor has on school grades is shown
and, moreover, these results are shown both by gender and whether the business is family run or not. The final section contains research findings.

2. METHOD 



Data and variables

The main variables in this study are academic performance and child labor. The first is measured by scores obtained on national standardized tests for
mathematics. The educational levels studied are elementary and middle school and the database from the Evaluation of Achievement of the National
Education System (ELSEN) designed by the National Learning Assessment Plan (PLANEA). The tests are given to a random and representative
sample of students throughout Mexico. The data analyzed corresponds to the math tests results of 91,050 sixth grade elementary students during the
2017-2018 school year (National Institute for the Evaluation of Education [INEE]) and 108, 921 students from third grade of middle school during the
2016-2017 school year (INEE, 2018).

The International Labor Organization (ILO) and the United Nations Children’s Fund (UNICEF, 2021, p.18) defines child labor as follows:

Child labor is work undertaken by children, for which the child is too young and/or the work, either due to its nature or the

circumstances in which it is carried out, is likely to harm the health, safety, or morals of children. In more technical terms, child

labor includes work done by children in any type of employment, with two important exceptions: light work for children within the

permitted age range and work that is not classified among the worst types of child labor for children above the minimum general

age for working, particularly work that puts children at risk. A broader statistical definition includes hazardous unpaid household

services that are dangerous, commonly known as hazardous household chores.

Román and Murillo (2013) identify five types of child labor: family, household, for third parties, illicit or clandestine and in dangerous conditions.
However, the light work that is often assigned to children within the family is not perceived to be a limiting factor in a child’s activities. According to Basu
and Tzannatos (2003), recognizing what is meant by child labor varies among regions, countries, and sectors. There is also research showing some of
the consequences of child labor. Ray and Lancaster (2005) conclude that child labor, even if it only lasts for one hour or a few hours, is detrimental to a
child’s academic learning. Moreover, Ray and Lancaster (2004) argue that the first hour of child labor reduces the probability of attending school by
50%; whilst He (2016) shows that more than one hour of work has undesirable effects on school performance.

The type of child labor discussed here is that performed by students after attending school. In the model presented in the next section, child labor is a
dichotomous variable which takes the value of one when the student reported working at least one hour a day as an employee in a family or nonfamily
business. Examples of this type of work include farming, animal husbandry, working in a garage or repair shop, working in a shop, packing supermarket
bag products, or undertaking other tasks on the streets.

Students, teachers, and principals previously answered context surveys within the National Evaluation of Learning Plan (PLANEA) framework, with the
objective of gathering information on personal, family and school characteristics. Using this survey from the National Institute for the Evaluation of
Education [INEE] (2018-2019) database, it is possible to determine whether children work. In this our study sample, 57% of elementary school children
and 50.5% of middle school children reported working. Table 1 shows the descriptive statistics with a hypothesis test of means equality between the
groups of students who reported that they worked or did not work. At elementary school level, 44% of working students are female, whilst 60% of the
group of students who don’t work, is female. In middle school 62.3% of non-working students are female, as are 39.4% of the group of working
students. This demonstrates that male students report working more in both educational levels.

 



 

One piece of data that stands out in Table 1 is that male or female students who work –relative to those who do not work– live in households that are
poorer than average; a higher percentage live in highly marginalized areas; a greater percentage speak an indigenous language and are twice as likely
to have repeated a grade. On average, they also attend schools with worse infrastructure and take classes in multigrade classrooms, with one teacher
teaching different grades simultaneously. Regarding test results, working elementary students obtain 42.6 points less in math tests than those who do
not work. In the case of middle school students, there is a 32.63 difference. This represents an 8 and 6% difference, respectively.

Table 2 shows the differences in students’ school performances considering some socioeconomic categories included in the analysis. 83% of students
live in poverty work while they are studying elementary school, as opposed to 56.4% of students who do not. In the difference column for school
performance, we see that students living in poverty get lower test scores, with a 64.42 point difference between these groups. Moreover, we can see
that the higher the percentage of students who are working, the lower the grade on the national standardized test for math, except in middle school for
both males and females. This allows us to observe the descriptive element of the relationship between socioeconomic status-work-school performance.

 



 

Models

One of the objectives of this study was to calculate the sense and magnitude of the relationship between children and adolescents participating in
economic activities both in and out of their homes, and their academic achievement. Given the nature of the variables studied, the possibility of
simultaneity or inverse causality exists, as the variable of child labor cannot be seen as predetermined, because it depends on decisions taken within
the home. Therefore, one of the OLS principles would be violated, namely, that the covariance between the error term and the variable of child labor is
zero. Therefore, it is impossible to isolate the effect of child labor on school performance. This means that the OLS principles would be biased and
inconsistent, as on average the value of the estimators will not be equal to the value of demographics and this bias persists even if the sample size is
increased. This can be corrected using the IV method. Hence the econometric analysis is performed by comparing the estimations between two
models. The first ignores the presence of endogeneity and is resolved using OLS and the second corrects endogeneity and is solved using IV.

The equation proposed for the model using OLS is:

(1)

yi, to the left of (1) represents the score obtained by the ith student expressed in standard deviation (SD). PLANEA presents the students’ scores with

five plausible values. The plausible values are extracted from an a posteriori distribution of the students’ abilities, using an imputation method; this is
necessary because not all the students answer the same test questions and sufficient answers for each question must be guaranteed (Córdoba, 2016).
Thus, (1) is calculated for each plausible value in a particular model, and the magnitude reported is the average of all five models. To the right of (1),Ti

is a dichotomous variable that takes the value of one if the student i works at least one hour a day; Xi is a an observable characteristics vector –see

below for an explanation of this vector-, ui is an error term that, among other things, requires the covariance between u and (X,T) to be zero.

There are several ways to resolve the problem of endogeneity. In this case the IV model was used, and the second model is shown below.

(2)

(3)



The left side of the equation (2) is identical to (1). On the right-hand side, ui is an error term that requires the covariance between u and  to be zero;

 are the adjusted values obtained after completing the first stage of the method, that is to say once the equation has been estimated (3). To the left of
(3), Ti is the indicator variable that the student works, and on the right vi is an error term that requires the covariance between v and (X, Z) to be zero. Zi

is an IV vector used to solve endogeneity. In both equations Xi is a vector of control variables.

The Xi vector contains variables for the following: age, gender, living in poverty, living in a rural area, level of marginalization, classroom climate, school

infrastructure, repeating a grade, attending pre-school, attending multi-grade classrooms, class size above 30 students, and educational modality.
Including these variables is justified given the need to consider observable factors available from the database as controls and that have also been
identified in literature on this subject to explain the determinants of child labor (López-Calva,2006) as well as factors associated with the variation in
school performance among students (Blanco, 2011). Information regarding the definition and construction of the variables can be found in table A1 of
the Appendix. The components of vector Xi are known as included instruments in equation (3).

Identifying an admissible instrument is the main challenge when using the IV method. Specialized literature on the subject uses different variables as
instruments. Bezerra et al. (2009) use low-skilled workers’ salaries. Le and Homel (2014) use the average salary of women in a commune. Ray and
Lancaster (2004) use household income, access to services and household assets as instruments. Gunnarson et al. (2006) use the variation in laws
pertaining to school-starting age, regulation, and implementation of child labor laws, as well as salaries for children in the local market. As can be seen,
the instruments are varied and specific to the available information of the case studied.

A valid instrument is one which is both exogenous and relevant (García, 2008). The first requires the covariance between the instrument and the error
term of the regression in the second stage to be zero, in other words, that the instrument has no relationship with the dependent variable. Therefore, the
instruments used must not be related to school performance. Moreover, to comply with relevance, the covariance between instruments and the
endogenous variable must have a value other than zero, in this case the aforementioned variable is child labor.

The Zi instruments used here are household size and suffering a family shock; this is made operational with a variable indicating that the student has no

parents. The underlying hypothesis is that a child from a large family will have a greater need to work, but that the size of the home in and of itself does
not affect school performance. Pörtner (2016) found that a father’s absence increases the number of hours worked by children. Cuesta (2018) uses the
shocks that occur in households as part of his instruments, as he believes that they can modify the way children’s time is allocated.

Verifying that the instruments have the required characteristics provides evidence that the estimates are consistent and unbiased. The instruments used
here, as we will show, surpass both tests. Proof of this is provided in the next sections, and the estimates obtained are compared with the OLS and IV
methods.

2. RESULTS 



Relevance and exogeneity tests

Statistics of the relevance and exogeneity tests of the excluded instruments, as well as their respective values p are shown in table 3. In both samples
the combined significance test showing that the instruments have no effect on the probability of working, is rejected. An F test was used for the
relevancy test. The hypothesis test to show low relevance of the instruments was rejected at 1% level of significance. With regards to exogeneity, the
Hansen J statistic was used. This considers the null hypothesis that the instruments are not correlated to the error term and the excluded instruments

were excluded correctly from the second stage equation. The statistics of this test are calculated as nR2, where R2 is a measure of the goodness of fit
of the adjustment of an IV residuals regression, with included and excluded instruments; n is the number of observations. Under the null hypothesis of
this statistical test, chi-squared tests with L – k degrees of freedom where L is the number of excluded instruments and k is the number of endogenous
regressors. Rejecting this test raises doubts of the instruments’ validity. In all the cases analyzed here, this test cannot be rejected to the level of 1%
significance.

 



 

First Stage

The probability that a student works is obtained in the first stage of the IV model. To achieve this, the equation (3) is estimated from the previous section
with a linear probability model (LPM). According to Angrist (2011), this kind of model is more suitable than the logit or probit type models in developing
the first stage of IV to describe the relationship in question when the endogenous variable is binary, because the possibility exists that the IV second
stage estimations of these models will be inconsistent if the functional form of the first stage is not correct, but this does not occur with an LPM.

The results of the estimation of the coefficients of this stage are presented in table 4. In elementary school- with the rest of the variables remaining
constant- a one point increase in poverty is shown to increase the probability of students working by 5.5%. In middle school there is a 3.4% increase.
When looking at age we can see that in elementary school there is an inverse relationship to the tendency to work, whilst in middle school the
relationship is direct. Specifically, if all the other variables remain constant, a one-year increase reduces the probability of working by 1.6% in
elementary students and increases the tendency to work by 0.8% in middle school students. On average, in both elementary and middle school
students, male students, those who speak an indigenous language and those who have repeated a grade are more likely to work than their respective
counterparts.

 



 

In so far as the effect of school variables, in elementary school a one-point increase in classroom climate reduces the tendency to work by 0.9%. In
middle school, this variable does not have a statistically significant effect. The educational modality of attendance is also an associated factor for finding
employment. On average, attending a private school reduces the probability of working relative to other students in public schools, for both elementary
and middle school students. The community school model only shows a positive and significant relationship with the probability of working for middle
school students. School infrastructure does not affect the probability of working in either educational level and classroom size has a negative
association to the tendency to work for both elementary and middle school students.

The area that students live in has a significant impact on whether they will work or not. An elementary student living in a rural area is 5.8% more likely to
work than one living in an urban area; in middle school, the impact increases to 7%. Living in highly marginalized areas increases the probability that
students will work, relative to those living in low-level marginalization.

Second Stage

Figure 1 shows the estimated relationship with OLS and IV between child labor and academic achievement in elementary and middle school math

students. 1 In spite of socioeconomic factors and the type of school students attend, child labor has a negative relationship to test scores for both
elementary and middle school. OLS results show that a working elementary student scores on average 0.23 SD lower than a student who does not



work. When estimations are made using IV, the result is -1.73 SD between a student who works and one who does not. Results are similar for middle
school students, on average, the significance of the work effect on academic performance is -0.16 SD using OLS and -1.27 SD using IV. The negative
correlation between child labor and school performance is often established with empirical studies. Neyt et al. (2019) reviewed research from the last
two decades on this subject, and in general found that the effect of child labor on academic performance was not positive. However, their review did not
include results for developing countries, such as Mexico.

 

Figure 1. The effect of child labor on math test scores


Note: the effects are statistically significant at 1%. OLS shows the estimations by minimum ordinary 

least squares and IV represents the estimations with instrumental variables.


Source: Compiled by authors.

 

Table 5 shows the difference in the estimated effect of child labor on academic performance for elementary and middle school, using each method.
Using OLS, the middle school effect is smaller than for elementary school and there is a significant difference. However, when using IV there is no
difference between elementary or middle school; there is no statistical evidence showing that child labor affects students at different measures of
magnitude. It is important to note that given data availability, two different school years were studied for elementary and middle school: 2017-2018 for
elementary school and 2016-2017 for middle school. However, no structural events were found between these time periods that could impact on the
comparison’s results.

 

 

Effects by Gender

This section looks at child labor and academic performance by gender. There is evidence that girls who work do so in worse conditions than boys (ILO,

2009). The results of estimations made by gender are shown in figure 2.2 Calculated using OLS, female students are shown to be less impacted by
child labor than male students with a difference of 0.09 and 0.1 SD in elementary and middle school, respectively. The estimates using IV show that, in
the case of male elementary students, the average effect of child labor on academic achievement is -1.3 SD and in middle school it is -0.62 SD. For
female elementary students the average effect of child labor on grades is -2.11 SD, and -2.02 SD in middle school. This finding is similar to that of Le
and Homel (2014).

 

Figure 2. The effect of child labor by gender on math test grades




Note: all the effects are statistically significant at 5%. OLS indicates estimates using 

ordinary least squares. VI represents estimates using instrumental variables. 


Source: Compiled by authors

 

Sim et al. (2017) also found results akin to our findings; they found that working female students suffered greater adverse effects on their math studies
than boys. The negative effect for girls is important because it could increase gender inequity in education (Galli, 2001). Knaul (2006) puts forward
evidence regarding the use of time by gender and shows that young women spend more time on housework. When this is added to work undertaken
outside of their household, it means that female students work between five and seven hours more a week than their male counterparts. Therefore, the
hypothesis that female students work a double day can be considered to explain the differences in academic performance in math. Female students
have less time to dedicate to school as well as homework. The time and energy that they spend working are resources that they cannot channel to
develop their academic abilities.

Effects by type of business ownership

Table 6 shows the estimations according to whether the student works in a family or non-family business. 3 The results indicate that the relationship
between type of ownership and academic performance is negative, for both elementary and middle school students. Using OLS, working in a family
business is seen to have a greater impact than a non-family business, however, when using IV the findings show that there is no significant difference in
the estimated magnitude, which implies that the business being family owned or not affects students similarly. Román and Murillo (2013) show that
working, whether in or out of the home, affects children’s academic performance. Post (2018) has similar findings; all types of work whether paid or
unpaid, were shown to be associated with significant learning deficiencies in math and reading skills, across the 15 countries studied.

 



 

CONCLUSIONS

The empirical evidence from this study shows that child labor has a negative relationship with academic achievement for Mexican elementary and
middle school students. Developing the econometric analysis using two methods and comparing the results highlighted the bias in estimations when the
issue of endogeneity is not addressed. This is only supported for the Mexican case studied.

The results support the fact that gender differentiated effects exist. The negative association between work and academic performance is more
pronounced for female students than male students. These findings suggest that, at least for math, there is a greater negative impact on school
performance for working female students than their male counterparts. The result obtained is important as it contributes to future explanations of gender
inequity in education. However, there is no evidence to show that the business being family-owned or not affects students differently. There is also no
evidence that they are differently impacted in elementary or middle school.

One of the study’s limitations was that multiple level statistical analysis was not used and it is therefore not possible to understand the interaction of
variables at different levels. The research agenda that follows, therefore, is to develop multilevel models able to solve the issue of endogeneity.

APPENDIX
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