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El rol de la inversión en la función de producción de habilidades 

cognitivas: evidencia de Colombia, Chile y Perú 

Diana Jimena Martínez Heredia1 

Resumen 

Se analiza el rol de las inversiones en tiempo y en bienes y servicios que hacen los padres 

en la acumulación de habilidades cognitivas de sus hijos en Colombia, Chile y Perú. A diferencia 

de varios estudios relacionados, se corrige el sesgo por endogeneidad con una metodología cuasi-

estructural. Se corrige el error de medición en los indicadores de inversión, y la endogeneidad 

causada por la presencia de características no observables de los niños. Se encuentra que las 

inversiones que los padres hacen en tiempo son más efectivas que las que hacen en bienes y 

servicios. Además, las madres más educadas invierten más en sus hijos. Finalmente, se confirma 

la evidencia de auto-productividad que muestra la literatura relacionada.  

Palabras claves: Primera infancia, desarrollo cognitivo, influencia parental 

Clasificación JEL: C51, J13, J24  

1 Consultora en el Banco Interamericano de Desarrollo, correo electrónico: 
d.martinezheredia@gmail.com
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The Role of Investment in the Cognitive Ability Production Function: 

Evidence from Colombia, Chile, and Peru 

Diana Jimena Martínez Heredia2 

Abstract 

We analyze the role of parental investments on time and parental investments on goods 

and services on the accumulation of children’s cognitive skills in Colombia, Chile and Peru. 

Unlike various related studies, we control for endogeneity biases using a quasi-structural 

methodology. We can correct for measurement error in investments and endogeneity caused by 

unobserved child characteristics. We find that parental time investments are more effective in 

increasing cognitive abilities than investments on goods and services. Additionally, educated 

mothers invest more on their children. Finally, we confirm the self-productivity evidence found 

in related studies. 

Key Words: Early childhood, Child cognitive development, parental influence 

JEL classification: C51, J13, J24  

2 Consultant at the Inter-American Development Bank, e-mail: d.martinezheredia@gmail.com 
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1. Introduction 

Childhood is a crucial period for the development of skills. Those skills play a great role 

in shaping the socio-economic success of people in their adult lives. Particularly, early childhood 

—understood as the period before five years of age— is critical for development and learning 

processes (Phillips and Shonkoff, 2000). It has been shown that children that developed better 

skills of different kinds are more successful (Cunha, Heckman and Masterov, 2006). For 

example, they have greater wages, and less probability of engaging in risky behaviors such as 

teenage pregnancy, crime and others (Heckman, Stixrud, and Urzúa, 2006). Additionally, 

investment during early childhood has a high rate of return. It is more cost-effective than 

investment interventions in any other period in the lives of people because it raises the 

productivity of later investments (Carneiro and Heckman, 2003). In this context, it is relevant to 

study the mechanisms behind the development of skills in early childhood.  

We will study the role of household investments in cognitive skill formation in early 

childhood in Colombia, Chile and Peru. Cognitive skills are abilities related to thought processes, 

memory and problem-solving. Thus, we want to determine which kinds of investment have 

greater impacts on cognitive skill formation, considering that these investments are 

simultaneously determined. For simplicity, we define two categories to compare investments: 

time related investments, which consist of time household members devote specifically to shape 

children’s experiences and enhance their learning environment, and physical investments, which 

consist of providing goods and services directed towards the development of the child. In sum, 

we are interested in determining the productivity of parental investments, in time and in goods 

and services, in the production of early cognitive development. 

A myriad of studies has documented the importance of investment in child development. 

However, there is no consensus about which types of investments are more effective in the 

child’s development process. Yeung et al. (2002) find that family income (in level and stability) 

matters in the production of early cognitive development. However, as they include more control 

variables in their specification, the effect diminishes. On the other hand, Løken et al. (2012) find 

that the effect of income on cognitive development is large for vulnerable families. The 

methodologies used in these studies are very diverse. Even though there is no consensus in the 

size of the impact, experimental methods (Duncan et al., 2011; Morris and Gennetian, 2003), 
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and natural experiments (Dahl and Lochner, 2012; Milligan and Stabile, 2011) point to the same 

direction. The lack of resources seems to be detrimental for child development.    

However, these studies leave aside a component of investment that is crucial for child 

development: investments in time spent with children. Many studies have focused their attention 

on the impact of maternal labor choices on child development. The main question in these 

studies is whether the time that mothers spend with their children matters. James‐ Burdumy 

(2005) used a fixed effects methodology to address this question and found that maternal 

employment affected children development only for certain ages. Additionally, she only found 

evidence of this effect for one of the three cognitive tests she used. Bernal and Keane (2010) use 

a quasi-structural methodology to compare childcare services with mother care, and find that 

children whose mothers work more and use childcare have less cognitive abilities. Again, even 

if there is no consensus about the size of the effect, evidence is in favor of mother’s time spent 

with their children increasing their cognitive development (Bernal, 2008; Ruhm, 2004; Neidell, 

2000). 

Thence, the role of investments remains open to debate. Furthermore, the importance of 

each investment needs further research. The question of which investments are relevant in child 

development is mainly empirical. We explore this question using the production function 

approach. In this approach, cognitive skill formation is analogous to the production function: 

initial endowments (such as genetic traits) interact with the child’s environment to produce 

cognitive skills. Parental investments are inputs for cognitive skill production. Parental 

characteristics influence these investment decisions, and change their productivities, but are not 

inputs themselves. The production of skills is cumulative, because skills beget skills.  

Most of the literature that has estimated this production function has the limitations of 

failing to completely control for endogeneity bias. Some children characteristics —such as 

children’s genetic traits, or parental skills and motivations— are unobserved by the 

econometrician. These unobserved characteristics influence investment decisions as well as the 

production of cognitive ability. This is the first source of endogeneity. Additionally, there is a 

second source that comes from measurement error in skills and investments. We can observe 

test results, but not the abilities themselves. In the same way, we observe parents’ decisions on 

expenditure in certain goods and services, but not the decision of investment itself. Measurement 

error is the second possible source of endogeneity in these specifications. To overcome some of 
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these issues, we estimate the production function using a quasi-structural model. The quasi-

structural methodology treats these problems more rigorously than reduced form estimations, 

and allows us to understand the determinants behind the choices of investments for child 

cognitive development in the household, because it estimates the investment equations with the 

production function simultaneously. Assuming a distribution for the unobserved investments, it 

extracts the variation from the investment proxies and estimates the latent investment factors, 

which corrects the measurement error. The assumption of a distribution for unobserved 

components can be strong, however it allows identification of the parameters of the model. The 

simultaneous estimation corrects the bias from the unobserved characteristic present in all the 

equations in the model.  

Our question is relevant in the context of developing countries, since cognitive skill gaps 

appear in early stages of development (Bernal, 2014), and they determine inequality conditions 

in the future. Understanding the kind of investments that decrease this gap is important for 

decision-makers to frame policies that reduce inequality in the long term. Current circumstances, 

in which governments are looking at early childhood policies more closely, demand a better 

understanding of how children develop. In Africa, Ghana is implementing the National Early 

Childhood Care and Development (ECCD) Policy, and Rwanda developed an Early Childhood 

Policy in 2011. In the Latin American context, Colombia is implementing the “De Cero a 

Siempre” strategy for early childhood, Chile has the “Crece Contigo” agency for children’s social 

protection, and Peru has the national program “Cuna Más”, which provides childcare services 

in vulnerable populations. Overall, these policies are directed towards implementing childcare 

services. However, in these programs and strategies there are new services being developed that 

focus on parenting. If parental investments are important, the strengthening of these emerging 

services is key.  

The plan of this document is as follows. The second section presents the methodological 

framework. The third section describes the data. The fourth section presents the econometric 

specifications of the reduced form and quasi-structural models and their results. The fifth and 

last section concludes. 

2. Framework 

We analyze a simple cognitive early skill formation production function in two periods. 

Past cognitive skills (𝜃𝑡) and past investments are inputs for current cognitive skills(𝜃𝑡+1 ). 
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Hence, the assumption is that skill formation is cumulative. In our model, there are two kinds 

of investments, time investments (𝑇𝑡) and investments in goods and services devoted to 

stimulating child development (𝐹𝑡). The production function is given by 

𝜃𝑡+1 = 𝑓(𝜃𝑡 , 𝑇𝑡, 𝐹𝑡) 

We expect to find self-productivity and confirm the findings in the literature (Cunha and 

Heckman, 2006, 2007). This would support the idea that skills beget more skills. Thus, we expect 

𝜕𝜃𝑡+1
𝜕𝜃𝑡

 > 0 

We do not include the simultaneous formation of other abilities, such as socio-emotional 

skills. Literature in this topic has shown that this is not the case, since there is evidence of 

complementarity relationships between cognitive and social-emotional abilities (Cunha and 

Heckman, 2006). However, given our data restrictions, we cannot include other skills in our 

model. 

We focus on investment decisions made by the household, and not by any alternative care 

institutions (such as childcare centers). Since we focus on the early childhood period, parental 

investment is crucial for cognitive development, because children in these stages tend to spend 

substantial time at home. Evidence shows that parental investments matter. They interact with 

the innate characteristics of the child. This implies that, in the nature against nurture debate, 

nurture matters (Heckman, 2008). Christian et al. (1998) show that family literacy environment 

predicts pre-literacy skills at kindergarten, by estimating a quasi-structural model. In their model, 

childcare services only have effects on outcomes at school age for children whose mothers are 

less educated. Hence, they emphasize the importance of care in the household and care 

alternatives for children of vulnerable backgrounds. In their analysis, parental care is central. 

Household investment decisions depend on the household's available time available to 

spend with the child at time 𝑡 (𝑋𝑡), wealth (𝑊𝑡), and parental characteristics (𝑌𝑡). 

𝑇𝑡 = 𝑔𝑇(𝑋𝑡,𝑊𝑡, 𝑌𝑡) 

𝐹𝑡 = 𝑔𝐹( 𝑋𝑡,𝑊𝑡, 𝑌𝑡) 

We are interested in comparing 
𝜕𝜃𝑡+1 

𝜕𝑇𝑡
 and 

𝜕𝜃𝑡+1

𝜕𝐹𝑡
. We will do so by estimating a model in 

which we assume that we can observe both cognitive skills and investments. Then, we will relax 
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the assumption that investment is observed, and estimate latent factors for the inputs. After that, 

we will estimate the investment equations jointly with the production function, to allow 

correlations between the equations and consider the endogeneity problem described previously. 

This method is not completely structural because the investment equations are reduced form 

equations of the utility maximization household problem. We do not estimate the utility 

maximizing structure behind these decisions. 

3. Data 

We use data from Colombia, Peru and Chile. For Colombia, we use the ELCA survey 

(Encuesta Longitudinal Colombiana de la Universidad de los Andes), which has longitudinal 

information for children and their households in 2010 and 2013. The survey is representative of 

urban areas in the country and of four regions in the rural areas. It is directed towards low and 

middle-income households. For Peru, we use the last two rounds (2006 and 2009) of the Young 

Lives longitudinal survey. It is representative of 95% of the children in Peru, leaving out the 5% 

with greater income. It started in 14 regions of the country and has expanded due to migration. 

For Chile, we use the ELPI survey for 2010 and 2012. This survey is directed to children and 

their household context, and is representative of the children born between January 2006 and 

August 2009 in both urban and rural areas. The samples we use have only children from urban 

areas for all countries. 

The variables in all databases are very similar. As cognitive measure, we use the TVIP 

Peabody Vocabulary test in all three. It is a measure of receptive language and scholastic ability. 

The child should point to the image corresponding to the word mentioned by the enumerator. 

The test suggests a standardization by age constructed using samples from Mexico and Puerto 

Rico to build the standard distribution of scores (Dunn et al., 1986). The standardization is 

designed to produce a variable with mean 100 and standard deviation 15. It is questionable 

whether the Mexican and Puerto Rican samples are representative of these countries. 

Additionally, it is unclear whether this standard distribution fits Peru, Chile and Colombia. Since 

this method is not the best to standardize and compare results among samples, we use a non-

parametric standardization by age. This method extracts the variation of the test score that does 

not depend on age using a non-parametrical regression of the test scores on age. Then, the 

standardized variables were transformed to have mean 100 and standard deviation 15, to be 

comparable to the standardization that the authors of the test suggest. A greater score implies 
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greater language development. Figures A1.1, A1.2 and A1.3 show the distributions for these 

variables. The figures show that these distributions are comparable. 

Other variables include dummies that indicate if the child's mother works, and if the 

mother lives with the child. We have household size and income (in Colombian pesos, Chilean 

pesos and Soles), indices or dummy indicators for the following routines that caregivers perform 

with children: reading, talking and teaching letters, colors and numbers, and the child's age. For 

the Colombian sample, these variables are the number of days per month that the activity is 

performed with the child. In the Chilean sample, we have the number of people in the household 

that perform each activity with the child. Variables for the Peruvian sample are slightly different, 

because the sample has older children. Hence, routine variables are defined differently: instead 

of reading with children, we have information that indicates whether the parent or caregiver 

promotes reading habits (categorical variable3); we also have information about whether parents 

or caregivers talk to their children and have a strong relationship with them (dummy variable); 

in addition, instead of teaching letters, numbers, and colors, for this sample we have information 

about the involvement of parents in their children’s classrooms (dummy variable). These 

routines are all productive routines. Hence, we are measuring quality time spent with children, 

not just time in general. We also have expenses (in pesos or soles) in books and child care 

services, and principal components indices of availability of technology. Finally, we have parental 

characteristics such as mother's age, working status (dummy variable), and years of education. A 

detailed description of the construction of these variables for every sample is presented in Table 

A.1 of Appendix A.  

Descriptive statistics are presented in Tables B1.1, B2.1 and B3.1 in Appendix B. The 

average TVIP scores for all countries are close to 100, and their standard deviations are close to 

15 in both periods. For Colombia, we have a sample of 599 children from 2 to 5 years of age. 

This sample has all the available children of urban areas with all the variables needed for the 

estimation. Mother labor participation, on average, is low (5%). The most frequent routine is the 

conversation routine (which occurs on average almost every day), followed by the teaching 

routine (which occurs 21 days per month on average). The less frequent routine is reading, with 

over 10 days per month in average. Table B1.2 shows some correlations between the key 

variables of the model for Colombia. All measures of investment are positively correlated, with 

                                                 
3 It has three categories: frequent stimulation, occasional stimulation and no stimulation. 
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a significance level of 5%, except for the conversation routine, which is only correlated to the 

reading routine. For Chile we have a greater sample, of 5,334 children from 2 and a half and 5 

years of age. Again, these are the children in the sample with all the necessary variables for the 

estimation. On average, household members play more and talk more with children, than they 

read to them. Table B2.2 shows the correlations between the relevant variables of the model. 

Again, all investments seem to be positively and significantly correlated to cognitive 

development (with 5% significance). Finally, for Peru we have 381 children, but they are older 

(from 7 to 9 years of age). This should be considered in our results, since these children are in a 

different developmental stage4. Table B3.2 shows correlations for this sample. All variables 

behave according to what is expected, except paternal involvement in learning (which is non-

significant), and reading stimulus, which has a negative correlation.  

4. Estimation and Results 

4.1 Model I 

To estimate our production function, we assume a Cobb-Douglas functional form, with 

the error term 휀𝑡+1, that we assume independent from the RHS variables and other error terms. 

This functional form assumption does not allow the estimation of elasticities of substitution 

among inputs. It is a simplification that implies a very specific relationship between inputs. We 

assume the disturbance is normally distributed with mean zero and variance 𝜎𝜀
2. Therefore, 

     𝜃𝑡+1 = exp(𝛾0) 𝜃𝑡
𝛾1  𝑇𝑡

𝛾2   𝐹𝑡
𝛾3 exp(휀𝑡+1) 

We will assume that 𝜃 is observable and measured appropriately by the cognitive TVIP 

test. This is a very questionable assumption, since cognitive tests are very sensitive to 

measurement error. However, the data we have available does not allow us to correct this 

problem. We use the natural logarithm of this equation to estimate it. Notice that 휀 is separable 

and the technology is linear. This assumption can be restrictive. Cunha, Heckman and Schennach 

(2010) can estimate a nonlinear technology and find a better fit.  

First, we assume that investments are observable too, so they have no measurement error. 

Investment decisions depend on the household's available resources at time 𝑡 (𝑋𝑡) and wealth 

(𝑊𝑡), demographical characteristics (𝑌𝑡), and on the cognitive abilities of the child. Hence, 𝑋𝑡 

                                                 
4 Here we assume that, despite the age range, the household is the main investor in the children’s skills. 

We do not consider schools or institutional services. 
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contains mother’s labor choice; 𝑊𝑡 contains the household income, and 𝑌𝑡 has the household 

size, mother’s age and education, as well as the child’s age. 

    𝑇𝑡 = 𝛼0  + 𝑋𝑡 𝛼1 + 𝑌𝑡 𝛼2  + 𝑣1𝑡 

𝐹𝑡 = 𝛽0 +  𝑊𝑡 𝛽1  +  𝑌𝑡 𝛽2 + 𝑣2𝑡 

For now, we assume that, conditional on observable variables, investments are not 

correlated. Thus 𝑣1𝑡 and 𝑣2𝑡 are normally distributed and independent. This is, again, a strong 

assumption, but it will be relaxed later. To achieve identification, we need exclusion restrictions. 

We assume that labor participation only affects time investments and not goods and services 

investments, and wealth only affects goods and services investments, but not time investments. 

This is a strong assumption, but it is one we must make given the data restrictions. Exogenous 

variation is very hard to find, given that this data was not collected in an experimental design. 

All the continuous variables we use are standardized, to enable a comparable interpretation and 

set a proper scale for the likelihood function. For this first estimation, investment is measured 

with a PCA index of the variables of routines (for time investments), and a PCA index of the 

variables expenditure or availability of books, technology and childcare services (for goods and 

services investments). Normality allows the identification of all the parameters in our model.  

Thus, our first likelihood function for 𝑁 children with information of two time periods 

(𝑡 + 1 and 𝑡) is 

ℒ(�⃗�, �⃗�, 𝛽, �⃗�)

=∏(

𝑓𝜀(log(𝜃𝑡+1,𝑖) − 𝛾0 − 𝛾1 log(𝜃𝑡𝑖) − 𝛾2 log(𝑇𝑡𝑖) − 𝛾3 log(𝐹𝑡𝑖) |𝑋𝑡,𝑊𝑡, 𝑌𝑡, 𝑇𝑡, 𝐹𝑡)

𝑓𝑣1( 𝑇𝑡𝑖 − 𝛼0 − 𝑋𝑡𝑖𝛼1  − 𝑌𝑡𝑖𝛼2   |𝑋𝑡,𝑊𝑡, 𝑌𝑡, 𝑇𝑡, 𝐹𝑡)

𝑓𝑣2 ( 𝐹𝑡𝑖 − 𝛽0 − 𝑊𝑡𝑖𝛽1  − 𝑌𝑡𝑖𝛽2   |𝑋𝑡,𝑊𝑡, 𝑌𝑡, 𝑇𝑡, 𝐹𝑡)

)

𝑁

𝑖=1

 

First, we present results of the simplest OLS estimates of the production function to 

compare them with the quasi-structural methodology estimates. We estimate the OLS estimates 

of the following model: 

log(𝜃𝑡+1,𝑖) = 𝛿0 + 𝛿1 log(𝜃𝑡,𝑖) + 𝛿2 log(𝑇𝑡,𝑖) + 𝛿3 log(𝐹𝑡,𝑖) + 𝛼𝑋𝑡,𝑖 + 휀𝑡+1 

Where 𝑋𝑡,𝑖 contains sociodemographic characteristics, such as the household income, 

mother’s age and education, and child’s age. Cognitive skills are represented by 𝜃, physical 

investments by 𝐹, and time investments by 𝑇. In the OLS estimation the investment variables 
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are PCA indices of all investment measures in each investment category (time and goods and 

services). Again, all continuous variables are standardized to enable an easier interpretation. 

Due to dynamic relationships in cognitive skill formation and since parents choose 

investments, which are then inputs in the production function, these OLS estimates are 

endogenous. This may be why many estimates do not correspond with expected relationships. 

Theoretically, the bias can go in either direction. Parents may choose to invest more in skillful 

children to bolster their cognitive development. At the same time, parents may invest more in 

children with cognitive lags to compensate for poor development. In the estimation, there is 

little significance or very small effects overall across samples. This may be due to both, bolstering 

and compensation, taking place. However, where significant, all variables of investment are 

positively correlated to cognitive development. Additionally, past cognitive skills have a positive 

and significant correlation in all the samples. These results are, nonetheless, not what theory and 

other evidence would suggest. Table 1 shows this results. 

Table 1 – OLS estimates 

  (1) (2) (3) 
VARIABLES Colombia Chile Peru 

        
Past TVIP score 0.472*** 0.402*** 0.278*** 

 (0.0402) (0.0148) (0.0472) 
Time investment (PCA) 0.00277 0.00497** 0.0195*** 

 (0.00539) (0.00204) (0.00671) 
Goods and services investment (PCA) -0.000765 0.0101*** 0.0368*** 

 (0.00696) (0.00229) (0.00783) 
H.H. income 0.00804 0.00165 0.000558 

 (0.00646) (0.00183) (0.0127) 
Mother's education 0.0309*** 0.0114*** 0.0678*** 

 (0.00638) (0.00229) (0.00836) 
Mother's age 0.00462 0.00450** -0.0206*** 

 (0.00598) (0.00203) (0.00769) 
Child's age -0.0191 0.00251 0.0158** 

 (0.0256) (0.00379) (0.00651) 
Constant 2.426*** 2.746*** 3.300*** 

 (0.184) (0.0680) (0.218) 

    
Observations 599 5,272 377 
R-squared 0.340 0.174 0.498 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Thus, we turn to our first quasi-structural model. We present the results for the cognitive 

ability production function maximum-likelihood estimates in Table 25. In all estimations, the 

signs of the coefficients correspond with the expected signs. Past cognitive skills have a positive 

impact on current skills. An increase of one percent in past cognitive skills increases current 

skills in about 0.5% in Colombia, 0.4% in Chile, and 0.39% in Peru. Both investments in 

experiences and time with children, and physical investments appear to have positive impacts 

on cognitive development, although physical investments have a greater impact in all cases. In 

Colombia, however, time investments are not significant. This raises questions about the 

investment information we are capturing in these PCA indices. There may be bias in these results 

due to measurement error. Additionally, there is a bias due to factors that influence cognitive 

development, and at the same time affect parental investment choices. The next specification 

deals with these problems. 

Table 2: Cognitive skill Production Function 

  (1) (2) (3) 
VARIABLES Colombia Chile Peru 
        

Time (PCA) 0.00773 0.00524** 0.0241*** 

 (0.00537) (0.00204) (0.00730) 
Goods and Services (PCA) 0.0148*** 0.0146*** 0.0646*** 

 (0.00564) (0.00212) (0.00758) 
Cognitive skill 0.536*** 0.412*** 0.390*** 

 (0.0389) (0.0146) (0.0493) 
Constant 2.144*** 2.702*** 2.784*** 

 (0.179) (0.0673) (0.227) 
    

Observations 599 5,334 381 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
 

Table 3 presents the estimation for the experience and time investment choice. This 

estimates are less consistent across countries. In Peru, the work of the mother seems to increase 

this investment, while in Colombia and Chile there is no effect. Mother’s education is positive 

and significant in all samples, while mother’s age is only positive and significant for the Chilean 

sample. Household size shows mixed effects. 

 

                                                 
5 This likelihood was programmed and estimated in Matlab. 
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Table 3: Time Investment Decision 

  (1) (2) (3) 

VARIABLES Colombia Chile Peru 
        

Mother works -0.118 0.0140 0.301*** 

 (0.175) (0.0278) (0.0879) 

HH size -0.0384 0.0293** -0.118** 

 (0.0456) (0.0139) (0.0575) 

Mother's education 0.250*** 0.0884*** 0.181*** 

 (0.0405) (0.0143) (0.0524) 

Mother's age 0.0582 0.0448*** 0.0719 

 (0.0444) (0.0137) (0.0612) 

Child's age 0.322* -0.0289 -0.0109 

 (0.193) (0.0256) (0.0497) 

Constant 0.117 0.0141 0.0351 

 (0.0857) (0.0277) (0.0560) 
    

Observations 599 5,334 381 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
 

Table 4: Investment Decision in Goods and Services 

  (1) (2) (3) 

VARIABLES Colombia Chile Peru 
        

HH size -0.0678* 0.0348*** -0.0227 

 (0.0358) (0.0127) (0.0502) 

Mother's education 0.233*** 0.404*** 0.514*** 

 (0.0346) (0.0130) (0.0463) 

Mother's age 0.143*** 0.0169 0.0411 

 (0.0348) (0.0126) (0.0537) 

Child's age -0.253* 0.178*** -0.00906 

 (0.151) (0.0234) (0.0430) 

Income 0.483*** 0.0898*** 0.250*** 

 (0.0333) (0.0113) (0.0832) 

Constant -0.116* -0.133*** 0.0896* 

 (0.0662) (0.0229) (0.0482) 
    
Observations 599 5,334 381 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 4 presents the estimation for the investment decision in goods and services. As 

expected, household wealth has positive impacts, which are significant in all samples. Mother's 

education has positive impacts in all samples as well. Mother's age has no effects, except in 

Colombia where it is positive and significant. Child’s age shows mixed effects. 

All in all, although this model confirms the self-productivity evidence found in related 

research, we find that the effect of time investments in cognitive development is not stable across 

samples. Time investments depend consistently on mother’s education across samples. Goods 

and services investments depend on mother’s education and household income. However, we 

should consider that this method does not correct for measurement error and endogeneity bias. 

Since the bias may be due to parents bolstering or compensating for their children’s cognitive 

development, the correction could result in larger or smaller effects. 

4.2 Model II 

The next specification follows the methodology formulated by Cunha, Heckman and 

Schennach (2010) for investment factors. Now, we don't need to assume that there is no 

measurement error in investment measures. Instead, investment is unobserved, and we capture 

it with our observable measures, through factors.  

We estimate the same skill production function of Model I.  

𝜃𝑡+1 = exp(𝛾0) 𝜃𝑡
𝛾1  𝑇𝑡

𝛾2   𝐹𝑡
𝛾3 exp(휀𝑡+1) 

Now, we have two kinds of unobserved investments: investments in time and experiences 

(𝑇𝑡), and physical investments in goods and services (𝐹𝑡). They depend on the household's 

available resources in time (𝑋𝑡) and wealth (𝑊𝑡). 

    𝑇𝑡 = 𝛼0  + 𝑋𝑡 𝛼1 + 𝑌𝑡 𝛼2  + 𝑣1𝑡 

𝐹𝑡 = 𝛽0 +  𝑊𝑡 𝛽1  +  𝑌𝑡 𝛽2 + 𝑣2𝑡 

We assume that error terms 휀𝑡+1, 𝑣1𝑡 and 𝑣2𝑡 are jointly normally distributed. The 

distribution for these unobserved characteristics is assumed to be a multivariate normal, to allow 

for correlation between them. This corrects for the endogeneity bias caused by the simultaneity 

in investment choices and cognitive skill production. Now, we do not need to assume that these 

events are independent. 
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To estimate the latent parameters, we observe three investment measures for each type of 

investment (𝑍𝑗𝑡
𝑇  and 𝑍𝑗𝑡

𝐹  for 𝑗 ∈ (1,2,3)). They depend on their corresponding investment 

choices. Then, for 𝑗 ∈ (1,2,3)  

𝑍𝑗𝑡
𝑇 = 𝛿0𝑗 + 𝑏1𝑗 𝑇𝑡 + 𝑢𝑗𝑡

𝑇  

𝑍𝑗𝑡
𝐹 = 𝜏0𝑗 + 𝑏2𝑗 𝐹𝑡 + 𝑢𝑗𝑡

𝐹  

The disturbances 𝑢𝑗𝑡
𝑙  for 𝑙 ∈ (𝑇, 𝐹) and 𝑗 ∈ (1,2,3) are independent from each other and 

normally distributed with mean zero and variance 𝜎𝑙,𝑗
2 . For identification, this model requires the 

normalizations 𝑏11 = 𝑏21 = 1 to scale the other factor coefficients. To achieve convergence, 

the model was estimated in stages. The stages may reduce efficiency, but they are 

computationally advantageous. First, latent factors were estimated from: 

ℒ ( 𝛿, 𝜏, �⃗⃗�, �⃗�) 

=∏∬

(

 
 
 
 
 [ ∏ 𝑓𝑢𝑗𝑡

𝑇 (𝑍𝑗𝑡𝑖
𝑇 − 𝛿0𝑗 − 𝑏1𝑗𝑇𝑡𝑖|𝑋𝑡,𝑊𝑡, 𝑌𝑡, 𝑇𝑡, 𝐹𝑡)

3

𝑗=1

 ]

[ ∏𝑓𝑢𝑘𝑡
𝐹 (𝑍𝑘𝑡𝑖

𝐹 − 𝜏0𝑘 − 𝑏2𝑘𝐹𝑡𝑖|𝑋𝑡,𝑊𝑡, 𝑌𝑡, 𝑇𝑡, 𝐹𝑡)

3

𝑘=1

 ]

 𝑓(𝑇, 𝐹) 𝑑𝑇 𝑑𝐹 )

 
 
 
 
 

𝑁

𝑖=1

       

Then, they were introduced into our likelihood function: 

ℒ ( �⃗�, �⃗�, 𝛽, �⃗�, 𝛿, 𝜏, �⃗⃗�, �⃗�) 

=∏(

𝑓[(log(𝜃𝑡+1,𝑖) − 𝛾0  − 𝛾1 log(𝜃𝑡𝑖) − 𝛾2 log(𝑇𝑡𝑖) − 𝛾3 log(𝐹𝑡𝑖)),

(𝑇𝑡𝑖 − 𝛼0  −  𝑋𝑡𝑖 𝛼1  − 𝑌𝑡𝑖𝛼2 ),
( 𝐹𝑡𝑖 − 𝛽0 −𝑊𝑡𝑖𝛽1  − 𝑌𝑡𝑖𝛽2)| 𝑋𝑡,𝑊𝑡, 𝑌𝑡, 𝑇𝑡, 𝐹𝑡]

)

𝑁

𝑖=1

       

In this likelihood 𝑓 is the multivariate normal probability density function6. The joint 

distribution in this likelihood function attempts to capture the common factors that may 

influence our three equations. 

                                                 
6 This likelihood was estimated using the gsem command in Stata due to convergence problems with the 

Matlab program. 
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An intermediate model was estimated. Before showing the results of Model II, we discuss 

this intermediate estimation. In this estimation, investments are unobserved too, but the 

disturbances of the cognitive skill formation equation and the investment choices are 

independent. Hence, the latent factors were used to estimate the likelihood function in Model I. 

This intermediate estimation only corrects for measurement error, but not for the endogeneity 

bias caused by the unobservable characteristics that affect all equations simultaneously. The 

factor loadings are all consistent with expected signs. Tables C.1, C.2 and C.3 in Appendix C 

present the estimates of the factor loadings for the time and goods and services investment 

measures. The investment time factor has a positive effect in all measures and in all samples. 

Since the reading coefficients have been normalized, we can see that the teaching routines are 

the most important in Colombia and Peru, while for Chile the most important is the talking 

routine. For the goods and services factor, we also have the positive expected relationships with 

all its corresponding investment measures. Technology seems to have a major role in this type 

of investment. The covariance between both decisions in positive and significant. This shows 

that investment decisions are related and should be estimated jointly. This is an improvement 

from our first model. Some of the measures of investment are not continuous variables. In Chile, 

the care services variable is a dummy variable that tells if the child attends a center. All the time 

routines for the Peruvian sample are discrete variables, either dummy variables or categorical 

ordered variables (for reading stimulation). For these variables, probits and ordered probits were 

used. Factors are related, but the results still show inconsistencies. Tables C.4, C.5 and C.6 in 

Appendix C show the resultant distributions of the latent factors. Time investment latent factors 

have odd shaped distributions, unlike goods and services latent factors. This might be due to the 

fact that time investment measures may be more noisily reported. This may mean that the 

measurement error correction alone may be insufficient. Hence, accounting for unobserved 

characteristics may be crucial to estimate this production function in Model II. 

The results of this intermediate model are similar to the previous ones, except that when 

we try to account for measurement error, investments in goods and services have a greater role 

in cognitive skill formation than time investments in all samples (a change of one percent of a 

standard deviation increases TVIP scores in 0.01% in Colombia and Chile, and 0.06% in Peru). 

In fact, the time latent factors are not significant. Appendix D shows the estimations for this 

intermediate model and analyzes them. However, the similarity in the signs of the coefficients 
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suggests that the measurement error bias is not the most relevant in this case. Therefore, we turn 

to Model II in what remains of this section.  

Table 5 shows the estimates for the production function of Model II. There is a major 

shift in the results of this estimation, compared to the previous ones. Controlling for unobserved 

common characteristics to all equations results in greater time productivities. In fact, 

productivities of goods and services in Colombia and Peru are non-significant. A change of one 

percent of a standard deviation in time investments increases the TVIP score by 6% in Colombia, 

9.4% in Chile and 29.7% in Peru. The size of the effect is very varied, but this may be due to 

measurement errors in cognitive skills, for which we do not have enough information to correct. 

The size and significance of self-productivities is, however, consistent across estimations. A T-

test for the difference in the coefficients of time and goods and services investment shows that 

the time investment effect is greater with 5% significance in Peru, 10% significance in Chile and 

borderline significance (11%) in Colombia. These results should be examined considering that 

the Peruvian sample has older children. The effect of time investments in cognitive skill 

production seem to be stronger for older ages.  

Table 5: Cognitive Skill Production Function 

  (1) (2) (3) 

VARIABLES Colombia Chile Peru 
        

Time (Latent) 0.0603*** 0.0943* 0.297** 

 (0.0226) (0.0530) (0.141) 

Goods and Services (Latent) 0.0166 0.0664*** -0.0794 

 (0.0108) (0.0133) (0.129) 

Cognitive skill 0.466*** 0.400*** 0.266*** 

 (0.0405) (0.0146) (0.0462) 

Constant 2.426*** 2.756*** 3.376*** 

 (0.183) (0.0672) (0.214) 

    

Observations 599 5,334 381 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
 

Table 6 shows the results of the equation of time investment under this estimation. 

Coefficients are slightly more consistent with what is expected. In Chile, mother’s labor 

participation decreases time investments. Mother’s education still has positive and significant 
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effects in all samples. Mother’s age, where significant (Colombia and Chile), has a positive effect. 

The mother’s labor market participation has no effects in the time investment decision in 

Colombia and Peru. This may happen for two reasons. First, the variable is not capturing 

mother’s labor participation well, and this weakens the estimation. Second, there is no effect 

because culturally mothers in these countries tend to compensate the time they work by taking 

care of their children in their time for leisure and rest. This last scenario is very likely.  

 

Table 6: Experience and Time Investment Decision 

  (1) (2) (3) 

VARIABLES Colombia Chile Peru 
        

Mother works 0.0156 -0.0611*** 0.00569 

 (0.203) (0.0215) (0.0356) 

HH size -0.0820 0.0395*** -0.0980** 

 (0.0509) (0.0125) (0.0406) 

Mother's education 0.413*** 0.0929*** 0.423*** 

 (0.0534) (0.0138) (0.0480) 

Mother's age 0.0977* 0.0270* -0.00423 

 (0.0500) (0.0159) (0.0346) 

Child's age 0.215 -0.0374 0.0548 

 (0.228) (0.0262) (0.0335) 

Constant 0.588*** 0.0423 -0.0398 

 (0.104) (0.0259) (0.0483) 
    

Observations 599 5,334 381 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 7 shows the results for the goods and services investment equation. Educated 

mothers seem to invest more on goods and services for their children in all samples. Older 

mothers also invest more in Colombia and Chile. Income, as expected, is positively correlated 

to these investments in Colombia and Chile.  

All in all, results are much more consistent, and seem to point to the direction that parental 

practices matter. However, it is important to point out the downfalls in the estimations. As we 

can see from the results, the shift of the coefficients is radical. This means that the model is not 

very stable. However, a simpler model would not allow us to both answer the question we 

formulated, and correct for bias. Besides, we addressed the issue of measurement error in inputs, 

but outputs may be incorrectly measured too, especially in this case. Cognitive tests are not 
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perfect indicators of a child’s cognitive skills and that may still be biasing the estimations. Yet, 

this is the best specification we can estimate, given the data and computational conditions. It 

corrects for bias caused by unobserved characteristics, and for measurement error in the 

investment choices. 

Table 7: Investment Decision in Goods and Services 

 (1) (2) (3) 

VARIABLES Colombia Chile Peru 
        

HH size -0.0919** 0.0316*** -0.0360 

 (0.0412) (0.0122) (0.0440) 

Mother's education 0.336*** 0.357*** 0.485*** 

 (0.0411) (0.0124) (0.0426) 

Mother's age 0.171*** 0.0343*** 0.0185 

 (0.0400) (0.0122) (0.0514) 

Child's age -0.278 0.0596*** 0.00708 

 (0.173) (0.0223) (0.0387) 

Income 0.522*** 0.0658*** 0.0937 

 (0.0370) (0.00968) (0.0697) 

Constant 0.145* -0.0560** -0.0308 

 (0.0768) (0.0218) (0.0439) 
    

Observations 599 5,334 381 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

5. Conclusions  

Household investment is crucial for early childhood development. In our attempt to 

discern which household investments, in time or in goods and services, are more productive, we 

estimated two specifications (and an intermediate specification) of a quasi-structural model. In 

our first estimation, physical investments seemed to have larger effects in cognitive skill 

production. Self-productivities in the cognitive skill production function were found, as expected 

from the related literature. Income is crucial for investment on goods and services, and mother’s 

education is determinant for time investment decisions. More educated mothers spend more 

time in productive routines with their children. This would be relevant if time spent in these 

routines showed important productivities in the formation of cognitive abilities. That was not 

the case in this estimation. However, it failed to control for measurement error.  



19 

 

Thence, following Cunha, Heckman and Schennach's methodology (2010) in correcting 

for measurement error in our model, we estimated latent factors for time and goods and services 

investments to work with an intermediate model. We found that the latent factors were related, 

and accounting for this could solve some of the endogeneity of unobserved characteristics 

present in both investment choices. In these factors, technology seems to play a major role in 

goods and services investments. The results of the intermediate model show that mother’s 

education seemed to be key in investment decisions. Household income is also key for good and 

services investment choices. More educated and wealthy households choose to spend more time 

with their children and provide more goods and services. If investments are important for child 

development, children from vulnerable households face great disadvantages. Still, this estimation 

does not consider the problem of endogeneity bias caused by the presence of unobserved 

characteristics in the production function as well as in the investment decisions. 

Our second model takes these unobserved characteristics into account by estimating the 

decisions on investment and the production function jointly, allowing correlations between their 

disturbances. The estimation changed dramatically. The results show that the productivity of 

time investments is greater than that of the goods and services investment. Mother’s education 

was confirmed to be significant in investment choices. Educated parents understand the 

importance of investments in their children. Besides, the self-productivity relationship was, 

again, confirmed. Evidence suggests that mothers compensate the time they spend at work by 

taking care of their children in their leisure and rest time. Hence, we see no effects of labor 

participation in time investments for Colombia and Peru. Additionally, the age differences 

between samples suggest that productive routines are more productive for older children. 

However, in the interpretation of these results a caveat is in order. Throughout our 

description of our methodology, we have pointed some of its weaknesses. It is important to 

notice that although we try to correct the plausible measurement error present in investments, 

we are not able to do so for the measurement error in skills. With more comprehensive data, 

this could be solved by treating skills as unobservable measures. However, such data is not 

available for the Colombian sample. Additionally, the lack of data in Colombia for social-

emotional skills doesn't allow us to study the complementarity relationships between different 

kinds of skills. There is strong evidence about the variety and importance of skills in the child’s 

development. Leaving other types of skills aside implies the strong assumption that these skills 
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do not interact with cognitive development. The model is complex, and thence unstable, but a 

simpler model would not answer the question we formulated. We still make strong assumptions, 

such as normal distributions and functional forms, even though we relaxed several others. These 

assumptions are essential for identification and estimation, but are still very strong. 

Despite these flaws, the results of this paper point into the following direction for public 

policy. Parental investments matter, especially the time that parents spend in doing productive 

routines with their children. We would recommend that interventions are directed towards 

impacting the child's experiences, through parenting training. The strengthening and expansion 

of programs directed towards parents to increase early childhood development could be 

efficient. This is especially important in households with low income and education levels, 

because those are the households that spend less time in productive routines with their children. 

If these programs are directed towards vulnerable families, they would help closing the 

developmental gap between children in the richest and the poorest households.      
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7. Appendix 

7.1 Appendix A 

Table A.1 - Variable construction 

Variable Colombia Peru Chile 

Technology 

available 

Principal components factor of the 

number of TVs, internet connections, 

computers, video equipment, and 

cable subscriptions in the household.  

Principal components factor of the 

number of TVs, radios, cellphones, 

computers, videogames, video 

players and record players in the 

household. 

Principal components factor of the 

number of cameras, TVs, internet 

connections, cellphones, desktop 

computers, portable computers, and 

cable subscriptions in the 

household. 

Routines at the 

household 

Variables which tell if mothers or 

main caregivers read to children, talk 

to them, or teach them colors, letters 

and numbers. The variable is codified 

as number of days per month in 

which the routine is practiced. 

A dummy variable that indicates if 

the mother or main caregiver is 

involved in the child’s 

extracurricular school activities, one 

dummy variable that indicates if 

parents or caregivers report 

promoting reading habits to their 

children, and a dummy variable that 

indicates if parents report talking to 

their children and having a close 

relationship with them. 

Three variables that indicate 

number of people that read, talk or 

play with the child in the household. 
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Mother’s 

characteristics 

Age, years of education, dummy 

variable that indicates if mother 

works and dummy variable that 

indicates if the mother lives with the 

child. 

Age, years of education, a variable 

that indicates how many days per 

year the mother spends time with 

the child, and a dummy that 

indicates if the mother lives with the 

child. 

Age, years of education, dummy 

variable that indicates if mother 

works and dummy variable that 

indicates if the mother lives with the 

child. 

Money spent in 

childcare 

Money (pesos) paid as tuition fees or 

paid to caregivers. 

Money (soles) spent in school fees 

for child in the last 12 months. 

Not available 

Assistance to a 

childcare center 

Dummy variable Dummy variable (it will not be used 

because it lacks variance) 

Dummy variable 

Books and 

pedagogical 

materials 

Money (pesos) spent on books, CDs, 

newspapers and magazines per 

month. 

Money (soles) spent in text books 

for child in the last 12 months. 

Principal components factor that 

contains number of books, discs, 

and toys, including if these are his 

own materials. 

Income Household income in Colombian 

pesos 

Household income in soles Household income in Chilean pesos 

HH size Number of people in the household Number of people in the household Number of people in the household 
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       Figure A1.1       Figure A1.2 

      

Figure A1.3 
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7.2 Appendix B: Descriptive Statistics 

Table B1.1 – Summary Statistics for Colombian Sample  

  (1) (2) (3) (4) (5) 

VARIABLES Obs. Mean SD Min. Max. 

            

TVIP 2013 599 100.7 15.26 52.40 153.7 

TVIP 2010  599 99.07 14.88 68.96 151.2 

Reading Routine   599 10.94 11.75 0 30 

Talking Routine   599 29.47 3.382 0 30 

Teaching Routine   599 21.15 11.63 0 30 

Technology Available (PCA)  599 -0.113 0.997 -1.389 3.071 

Expenses in Books (pesos) 599 18,909 73,362 0 1,200,000 

Expenses in Education (pesos) 599 32,482 66,710 0 710,000 

Mother Works   599 0.0551 0.228 0 1 

HH Income (pesos) 599 1,112,000 1,099,000 30,000 9,400,000 

HH Size 599 5.439 2.344 2 16 

Mother’s Education (Years)  599 9.526 3.923 0 19 

Mother’s Age (Years)  599 29.23 6.498 18 53 

Child’s Age (Months)  599 47.31 7.038 34 59 
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Table B1.2 – Correlations among Variables of Interest in Colombia 

 
TVIP 
2013 

TVIP 
2010 

Reading 
Routine 

Talking 
Routine 

Teaching 
Routine 

Technology 
Available (PCA) 

Expenses 
in Books 

Expenses in 
Education 

TVIP 2013 1 
       

TVIP 2010 0.5340* 1 
      

Reading Routine 0.1436* 0.1609* 1 
     

Talking Routine 0.0617 0.0638 0.0988* 1 
    

Teaching Routine 0.1099* 0.1157* 0.2735* 0.0843* 1 
   

Technology Available 
(PCA) 

0.2820* 0.2872* 0.08 0.0820* 0.0881* 1 
  

Expenses in Books 0.0823* 0.1232* 0.0553 0.0338 0.0251 0.1883* 1 
 

Expenses in 
Education 

0.2219* 0.2940* 0.0925* 0.031 0.057 0.2544* 0.1741* 1 

* 5% significance 
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Table B2.1 - Summary Statistics for Chilean Sample 

  (1) (2) (3) (4) (5) 

VARIABLES Obs. Mean SD Min. Max. 

            

TVIP 2012 5,334 100.1 14.90 47.41 149.8 

TVIP 2010 5,334 99.60 14.73 63.38 198.7 

Reading Routine   5,334 1.185 0.861 0 3 

Talking Routine   5,334 1.652 0.801 0 3 

Playing Routine   5,334 1.820 0.807 0 3 

Technology Available (PCA)  5,318 -0.107 0.915 -0.953 2.456 

Availability of Books  5,288 0.0217 0.981 -3.022 0.795 

Childcare  5,333 0.616 0.486 0 1 

Mother Works   5,334 0.460 0.498 0 1 

HH income (pesos) 5,334 261,320 572,899 0 30,000,000 

HH Size 5,334 4.904 1.641 2 16 

Mother’s Education (Years)  5,334 9.533 3.103 0 24 

Mother’s Age (Years)  5,334 30.21 7.110 16 54 

Child’s Age (Months)  5,334 41.05 6.852 30 58 
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Table B2.2 – Correlations among Variables of Interest in Chile 

 TVIP 
2010 

TVIP 
2012 

Reading 
Routine 

Talking 
Routine 

Playing 
Routine 

Technology Available 
(PCA) 

Availability 
of Books 

Childcare 

TVIP 2010 1        

TVIP 2012 0.4142* 1       

Reading Routine 0.1087* 0.1331* 1      

Talking Routine 0.0770* 0.0668* 0.4084* 1     

Playing Routine 0.0384* 0.0501* 0.3736* 0.7131* 1    

Technology Available 
(PCA) 

0.1748* 0.2542* 0.0989* 0.0995* 0.0840* 1   

Availability of Books 0.1642* 0.2095* 0.2318* 0.1154* 0.0810* 0.2447* 1  

Childcare 0.0800* 0.0916* 0.0296* 0.0013 -0.0153 0.0578* 0.0385* 1 

 

* 5% significance 
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Table B3.1 – Summary Statistics for Peruvian Sample 

  (1) (2) (3) (4) (5) 

VARIABLES Obs. Mean SD Min. Max. 

            

TVIP 2009 381 98.73 16.44 47.44 154.1 

TVIP 2006 381 100.9 15.18 54.36 146.1 

Reading Routine   381 2.396 0.639 1 3 

Talking Routine   381 0.955 0.207 0 1 

Teaching Routine   378 0.741 0.439 0 1 

Technology Available (PCA)  381 -0.117 0.877 -1.273 5.554 

Expenses in Books  380 110.0 109.9 0 750 

Expenses in Education  381 105.1 334.1 0 2,475 
Mother Sees Child  (days per 
year) 381 362.5039 28.05508 48 365 

HH Income (soles) 381 922.4 2,965 37.50 52,800 

HH Size 381 5.735 1.779 3 15 

Mother’s Education (Years)  381 7.517 4.454 0 17 

Mother’s Age (Years)  381 31.84 5.844 23 52 

Child’s Age (Months)  381 95.08 3.632 87 105 
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Table B3.2 – Correlations among Variables of Interest in Peru 

 
TVIP 
2006 

TVIP 
2009 

Reading 
Routine 

Talking 
Routine 

Teaching 
Routine 

Technology 
Available (PCA) 

Expenses 
in Books 

Expenses in 
Education 

TVIP 2006 1 
       

TVIP 2009 0.5608* 1 
      

Reading Routine -0.2051* -0.1979* 1 
     

Talking Routine 0.0937* 0.0758* -0.1438* 1 
    

Teaching Routine 0.0728 0.0163 -0.0494 -0.0091 1 
   

Technology Available 
(PCA) 

0.5058* 0.4659* -0.1963* 0.031 0.0867* 1 
  

Expenses in Books 0.4019* 0.3186* -0.0831* 0.0347 0.0972* 0.5175* 1 
 

Expenses in 
Education 

0.3308* 0.2587* -0.0683 -0.0139 0.0232 0.3971* 0.5070* 1 

* 5% significance 
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7.3 Appendix C 

Table C.1: Investment Measures in Colombia 

  (1) (2) (3) (4) (5) (6) (7) 

VARIABLES 
Reading (days 
per month) 

Talking (days 
per month) 

Teaching (days 
per month) 

Book 
expenditure 

Tecnology 
index (PCA) 

Care 
expenditure 

Covariance 
latent factors 

                

Time (latent)  0.0697*** 1.169***     
  (0.0164) (0.187)     

Goods and 
services 
(latent)     1.846*** 0.563***  

     (0.222) (0.0662)  
Constant 8.665*** 29.47*** 15.95*** 0.165*** -0.107*** 0.106*** 0.587*** 

 (0.247) (0.0752) (0.285) (0.0104) (0.0157) (0.00674) (0.103) 
        

Observations 4,841 4,841 4,841 4,841 4,841 4,841 4,841 
Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table C.2: Investment Measures in Chile 

  (1) (2) (3) (4) (5) (6) (7) 

VARIABLES 
Reading 

(number of 
people in HH) 

Talking 
(number of 

people in HH) 

Teaching 
(number of 

people in HH) 

Book 
expenditure 

Tecnology 
index (PCA) 

Care 
(Probit) 

Covariance 
latent factors 

                

Time (latent)  1.781*** 1.523***     

  (0.0375) (0.0300)     
Goods and 
services 
(latent)     0.871*** 0.170***  

     (0.0591) (0.0283)  
Constant 1.150*** 1.652*** 1.867*** -0.00402 -0.00852 -0.154*** 0.0703*** 

 (0.00739) (0.00692) (0.00673) (0.00831) (0.00821) (0.0104) (0.00406) 
        

Observations 14,655 14,655 14,655 14,655 14,655 14,655 14,655 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table C.3: Investment Measures in Peru 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) 

VARIABLES 

Reading 
(ordered 
probit) 

Talking 
(probit) 

Attends 
school 

activities 
(probit) 

Book 
expenditure 

Tecnology 
index 
(PCA) 

Care 
expenditure 

Reading 
(cut 1) 

Reading 
(cut 2) 

Covariance 
latent 
factors 

                    

Time (latent)  0.772*** 1.050**       

  (0.293) (0.523)       
Goods and 
services 
(latent)     68.15*** 27.86***    

     (4.710) (1.893)    

Constant  1.820*** 1.330*** 0.0117*** 0.0136 0.140*** -1.638*** -0.0402 0.00180*** 

  (0.0945) (0.0825) (0.000295) (0.0235) (0.0111) (0.0910) (0.0326) (0.000380) 

          

Observations 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 1,806 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Figure C.4 – Distributions of the latent investment factors in Colombia 

      

Figure C.5 – Distributions of the latent investment factors in Chile 
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Figure C.6 – Distributions of the latent investment factors in Peru 

      

 

7.3 Appendix D 

The results for the estimation of the intermediate model are presented in Table D.1. They are similar among samples. There is a 

difference between this model, and the simplified version in the influence of investments. When we try to account for measurement error, 

investments in goods and services have a greater role in cognitive skill formation than time investments in all samples (a change of one percent 

of a standard deviation increases TVIP scores in 0.01% in Colombia and Chile, and 0.06% in Peru). In fact, the time latent factors are not 

significant. The problem of endogeneity because of the presence of unobserved characteristics in the production function  
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and investment equations is still an issue. The third model will deal with this problem. For 

the current model, cognitive skill still shows a self-productivity relationship in all samples. 

Table D.1: Cognitive Skill Production Function 

  (1) (2) (3) 

VARIABLES Colombia Chile Peru 

        

Time (Latent) 0.00350 0.00169 0.0123 

 (0.00448) (0.00226) (0.0103) 

Goods and Services (Latent) 0.0126** 0.0166*** 0.0676*** 

 (0.00520) (0.00243) (0.0113) 

Cognitive skill 0.535*** 0.412*** 0.390*** 

 (0.0389) (0.0145) (0.0489) 

Constant 2.140*** 2.702*** 2.792*** 

 (0.178) (0.0667) (0.225) 
    

Observations 599 5,334 381 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table D.2 presents the estimates for the time and experiences investment decision. In this 

the fact that the mother works has no effect, and household size shows mixed effects. More 

educated mothers seem to consistently provide more time for their children. Older mothers 

provide more time for their children as well, in Colombia and Chile. Younger children get more 

time investments in Chile, but this effect does not exist in the other countries. Table D.3 presents 

the estimates for the decision of physical investments. Mostly, they are consistent with expected 

findings. More educated mothers can provide more goods and services for their children. 

Wealthy households can provide more goods and services as well. The evidence for household 

size is mixed.  
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Table D.2: Time Investment Decision 

   (1) (2) (3) 

VARIABLES  Colombia Chile Peru 
         

Mother works  -0.202 0.0199 0.116 

 
 (0.228) (0.0271) (0.0815) 

HH size  -0.0289 0.0361*** -0.105** 

  (0.0593) (0.0136) (0.0531) 

Mother's education  0.420*** 0.0859*** 0.433*** 

 
 (0.0527) (0.0140) (0.0484) 

Mother's age  0.115** 0.0414*** 0.0772 

  (0.0578) (0.0134) (0.0566) 

Child's age  0.386 -0.0534** 0.0434 

 
 (0.252) (0.0249) (0.0459) 

Constant  0.669*** 0.0162 -0.0221 

  (0.111) (0.0270) (0.0518) 
     

Observations  599 5,334 381 
 Standard errors in parentheses 
 *** p<0.01, ** p<0.05, * p<0.1 

Table D.3: Investment Decision in Goods and Services 

  (1) (2) (3) 

VARIABLES Colombia Chile Peru 
        

HH size -0.0768* 0.0323*** -0.0363 

 (0.0429) (0.0121) (0.0455) 

Mother's education 0.326*** 0.355*** 0.477*** 

 (0.0414) (0.0124) (0.0419) 

Mother's age 0.175*** 0.0309** 0.0362 

 (0.0416) (0.0120) (0.0487) 

Child's age -0.206 0.0614*** 0.00179 

 (0.180) (0.0223) (0.0390) 

Income 0.554*** 0.0803*** 0.216*** 

 (0.0399) (0.0108) (0.0753) 

Constant 0.174** -0.0563*** -0.0215 

 (0.0792) (0.0218) (0.0436) 
    

Observations 599 5,334 381 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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