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Abstract 
This paper explores the determinants of children's cognitive outcomes using novel panel data from two 

cohorts of children in India. As in Todd and Wolpin’s study (2007), I do not find evidence supporting 

restrictive models that assume test scores depend only on contemporaneous inputs. Rather, the results 

show that lagged inputs affect the production of current skills. In models where past inputs are not observed 

or imperfectly measured, past nutritional status and/or past test scores turn out to be a good proxy-indicator 

of this variable, which is evidence for the 'sufficiency' assumption. I allow for the endogeneity of nutrition 

using an instrumental variable approach and find that a 1 standard deviation increase in height-for-age z-

scores at the age of 1 leads to cognitive test scores that are about a quarter of a standard deviation higher 

at age 5. Results for the Older Cohort have a similar magnitude. I also study the behaviour of inputs and 

find that parents seem to 'reinforce' children for early favourable outcomes rather than 'compensate' them 

for adverse scores; and they do so more in lower caste families and particularly with boys. 

JEL Classification Codes: J13, J15, J24 

Keywords: cognitive outcomes, health, nutrition, children and test score gap 
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1 Introduction and literature 
review 
Much importance has been given lately to the examination of the relevance of cognitive 
skills,1 mainly because of its power to explain school and professional success (Heckman 
1995).2 It is also known that cognitive abilities are formed relatively early in life and become 

less malleable as children age. At least two factors contribute to shaping children's ability: 
genetic endowment and the home environment, along with inputs received early in life. 
Many studies highlight the importance of genetic inheritance (Teasdale and Owen 1983; 

Wilson 1983). Nevertheless, these and other studies (from studying twins) also show that 
even if about 50 per cent of the variance in child development is due to genetic factors, a 
child's genetic expression is very much influenced by his or her environmental inputs.3 

These findings have motivated a large amount of research on the disparities between socio-

economic groups that can arise from a lack of early childhood investments or interventions 
(Heckman 2000; Carneiro and Heckman 2003; Carneiro et al. 2003; Heckman 2005; Cunha 
and Heckman 2007). Using secondary survey data for developed countries, researchers 

have addressed many of the issues related to early parental invesments or interventions like 
‘Head Start’ and the cumulative nature of cognitive abilities in a variety of ways (Lally et al. 
1988; Murnane et al. 1995; Garces and Currie 2002; DeCicca 2007; Temple and Reynolds 

2007). Despite these recent advances in the literature, rarely does research on early 
childhood use developing country data. 

Nonetheless, the motivation for research on developing countries comes from the fact that 

limited or inappropiate nutrition and stimulation early in life and sometimes discrimination in 
the intra-household allocation of resources (Grantham-McGregor et al. 2007; Kingdon 2002, 

2005), problems so intrinsic to the developing world, might prevent the development and 
catch up of disadvantaged children. The existing evidence in less developed countries is 
mainly based on data from Latin America and the Lancet series (Engle et al. 2007; 

Grantham-McGregor et al. 2007; Walker et al. 2007). Researchers have shown the positive 
effects of pre-school, cash tranfers and nutritional status on school performance or cognitive 
outcomes of mostly school-aged children in this region.4,5 

 
 

1 I use the words ‘skills’ and ‘abilities’ interchangeably, following Griliches (1977) and Cunha and Heckman (2008). 

2 Heckman and Rubinstein (2001) and Cunha and Heckman (2008) have shown that the development of non-cognitive abilities 

also starts early in life, is equally affected by a child's environment, and plays an important role for a successful path in life. 

However, these skills remain malleable (Carneiro et al. 2003). That is why this paper concentrates on cognitive outcomes, 

whose early deficiencies have been proven much harder to remedy (O'Connor et al. 2000). 

3 For instance, Scarr and Weinberg (1983) found that young siblings (black/interracial adoptees) were intellectually similar to 

their natural brothers/sisters. They hence conclude that younger children are more influenced by differences in their family 

environment. 

4 For instance, Berlinski et al. (2008) used panel data and found that one year of pre-school increases average third grade 

scores by 8 per cent of a mean of the distribution of test scores in Argentina. Some exceptions that do study pre-school aged 

children are: for rural Nicaragua, Macours et al. (2008), who found significant effects on cognitive outcomes, especially 

language, from a randomised cash transfer programme. Moreover, Gertler and Fernald (2004) as well as Paxson and Schady 

(2007) found similar evidence with the Mexican Programme Oportunidades and the Ecuadorian Programme Bono de 

Desarrollo Humano for children 36 to 72 months. 
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Particularly, Schady (2006) surveys the few Latin American studies available and finds that 

differences in test performance by socio-economic status (SES) persist as children age. 
Divisions by SES in India are defined according to whether a household belongs to a 
certain caste. Indeed, most of the existing studies on determinants of school participation 

and attainment in India today acknowledge socio-religious differences in the population 
(Dreze and Kingdon 2001; Kingdon 2002; Dostie and Jayaraman 2006; Gang et al. 2008). 
In these studies, low participation of lower castes (LCs) is explained by a range of factors 

including rural infrastructure, conditions in the local village economy, the functioning and 
size of the relevant labour market, household credit-constraints, sex discrimination, and the 
poor quality and inadequate supply of schools. However, none show the effects of early 

childhood conditions on cognitive skills or school participation. 

In the recent past, the government of India has introduced a range of policy interventions 

(i.e., affirmative action in educational progress) targeting social groups like Scheduled 
Castes (SC) and Scheduled Tribes (ST).6 Some evidence shows that these interventions 
have been successful (Jenkins and Barr 2006).7 However, apart from Balhotra and Zamora 

(2007) and Asadullah et al. (2009), none of the existent studies emphasises the importance 
of one's caste membership as a determinant of educational attainment. More importantly, 
no research contributes to the understanding of how disparities in parental inputs and 

nutrition contribute to the process of skill formation by caste over time. 

The objective of this analysis is therefore to fill an important gap in the literature by 

investigating determinants of a child's development of cognitive skills over two phases of 
childhood: pre-school and school ages. To the best of my knowledge, this is the first study 

using panel data to assess, firstly, the causal relation between nutrition and cognition at 
pre-school age in India; and secondly, the direct impact of parenting practices (i.e., home 
input score index) and the indirect impact of better parenting that improves a child's overall 

nutrition status (i.e., height-for-age z scores) on current and later receptive vocabulary test 
scores (Peabody Picture Vocabulary Test) and general intelligence test scores (Ravens 
Test); as well as the behaviour of parental investments with respect to past performance 

and nutrition; and thirdly, whether there are socio-economic gradients/gaps that emerge 
already in childhood and how they are mediated by early family investments (Heckman 
1995, 2000; Fryer and Levitt 2004) in a developing country. I therefore complement and 

expand the literature on the nutrition–cognitive development nexus in developing countries 
(Engle et al. 2007) by taking into account parental practices (i.e., compensating/reinforcing 
early outcomes) and caste gradients.8 For that, I exploit the novel and rich measures of 

parental inputs, anthropometrics and cognitive outcomes provided in the Young Lives 

                                                                                                                                    

5  Investments in nutrition have been shown to be one of the most important predictors of later cognitive development and 

success in schooling and the labour market in developing countries. For a review, see Grantham-McGregor et al. (2007). For 

experimental studies from a longitudinal study from Guatemala, see Hoddinot et al. (2008), Behrman et al. (2008) and 

Maluccio et al. (2009). More related to this paper is the experimental work of Grantham-McGregor and her co-authors, who 

provides compelling evidence that parenting interventions may be more effective than health interventions in improving 

cognitive outcomes in Jamaica (1991, 1997). The important interventions are nutritional while there is not much evidence on 

morbidity effects on cognitive development other than malaria (through iron status) and possibly diarrhoea.  

6 For further information on these groups, see Appendix 2. 

7 As a matter of fact, the relative disadvantages experienced by SC children today are fewer than those faced by Muslims, while 

STs have made enormous progress. 

8 Parental reinforcing practices are defined as those practices that use nutrition or other inputs to reinforce differences in 

children's learning ability or 'endowment' (i.e., more gifted children will receive more inputs as a reward), while compensating 

practices are those that attempt to equalise learning outcomes. 
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longitudinal data. This data consists of two cohorts of children (the ‘younger’ and the 

‘older’) surveyed over two rounds four years apart (Round 1 in 2002 and Round 2 in 2006). 
Existing research with the Young Lives data so far has only explored various determinants 
of schooling and nutrition outcomes for the four sample countries.9 However, none of these 

earlier studies look at the effect of direct and indirect early childhood investments on 
cognitive outcomes taking advantage of the panel nature of the data. 

Furthermore, the methodology used here allows me to go beyond previous empirical 

studies. Todd and Wolpin (2007) model cognitive skills as a function of the child's innate 
genetic ability and the cumulative effect of present and past home and school investments. 

I therefore examine determinants of cognitive outcomes in different specifications for all 
ages in both cohorts. This structural production function analysis makes considerable 
progress in sorting out the causal relationship between nutrition, home inputs and cognitive 

outcomes. The challenge in estimating this relationship is that of other inputs being 
missing, a problem solved by the rich Young Lives data. However, yet another problem is 
that unobserved child, parents or household-specific factors may affect both nutrition 

(home inputs) and cognitive outcomes, which may lead to a correlation even though no 
causation exists. Particularly, since parental taste for child quality and a child's genetic 
ability are unobserved, Ordinary Least Squares (OLS) estimations of the nutrition–learning 

nexus, as well as the parental investment–learning nexus, are likely to be biased. This 
research will then take into account the endogeneity of height-for-age (HAZ hereafter) 
explicitly, while also exploring the determinants of parental inputs. I argue that since one 

important indicator of child malnutrition (low birth-weight) and one of its major determinants 
(mother’s height) are established well before the age at which the tests were given, the 
identification problem is ameliorated.10 

I find strong evidence that better cognitive outcomes are related to a better nutritional 

status in early childhood, evidence which survives numerous robustness checks, including 
the history of past parental inputs in the cumulative specification. Past test scores are an 
important determinant of current test scores, which supports the self-productivity effects 

present in Cunha and Heckman (2008). Using a specification that incorporates these 
features, I analyse test score gaps between lower castes (LC) and upper castes (UC) and 
find that equalising nutrition at the average levels of UC children would close the caste test 

score gap by about 18.7 per cent, while by equalising home inputs at the average levels of 
UC children would close the caste test score gap by 9.5 per cent. Furthermore, when 
analysing the behaviour of parental inputs over time, estimates show a ‘compensating’ 

attitude for adverse early nutritional endowments and a 'reinforcing' attitude for favourable 
past test scores, particularly in LC households and with boys. This paper proceeds as 
follows. The second section describes the methodology and conceptual framework for 

modeling the cognitive skills production function and considers also its empirical application 
and statistical problems. The third section gives details on the data and variables used to 

 
 

9 See Young Lives Working papers numbers 8, 16, 18, 20, 27 and 32 at www.younglives.org.uk. For instance, Galab et al. (2006) 

found a clear interplay between school and home for 8-year-olds. The authors assert that home environment remains crucial 

and argue that children perform better in school if parents place high value on schooling and actively support their children at 

home. 

10 These IVs are interpreted as an aspect of the material conditions at birth which are free of influences by the home environment 

and the investment behaviour of family members since the birth of the child. If the results are robust, it would imply that there is 

a pathway from birth-weight or mothers height, through height-for-age, to cognitive achievement that is separate from family-

specific influences. 
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represent cognitive outcomes, nutrition, home inputs and other controls, while the fourth 

section briefly gives some background on caste schooling gaps in India and the fifth 
section presents some descriptive statistics. The sixth section shows estimates of the 
cognitive skills production function. Parental investment demand functions are presented 

and I use the estimated cognitive skills production function to evaluate caste disparities in 
test scores. The last section concludes. 

2 Methodology 
In this section I outline the basic theoretical model that provides the basis for the empirical 
estimation. The empirical approach and its associated challenges are also discussed below. 

2.1 Basic theoretical framework 

The main interest of this paper lies in investigating the various direct and indirect 

determinants of current cognitive skill formation, with a particular focus on the effects of a 
child's past cognitive skill levels, past (and current) nutritional status and parental investment. 

For that reason, I discuss both a cognitive skills and nutrition production function, as well as 
parental inputs demand functions. 

2.1.1 Cognitive achievement production function 

I follow Todd and Wolpin (2003, 2007) and Cunha and Heckman (2008) in writing the skill 

level of child i  at age t 11 as a function of the child's level of skills, current parental 
investment and other contemporaneous variables, including child, caregiver and household 

current characteristics. 

it = f (Iit ,Hit ,Xit ,μit , it )     (1) 

where i  denotes individuals, it  denotes a child's cognitive skill level for age t with t between 

0 and T, Iit  denotes parental investment at age t , Hit  denotes nutrition12 at age t  and Xit  
denotes a vector of characteristics of child i , caregiver and home of child i , μit  is the 
expression of the child's endowed mental capacity ('ability') and it  is an error term that 

includes the effect of the history of unobserved inputs and measurement error, hence it  is 
expected to be serially correlated. 

In order to capture the (unobserved) genetic endowment with which a child is born, Todd and 

Wolpin propose to take first differences of a linear specification of equation (1); that is, 

substracting it 1  from both sides where first differences of skill levels are interpreted as 
value-added, which gives: 

it = f ( it 1, Iit ,Hit ,Xit ,μi0 , it )     (2) 

 
 

11 I will omit the fact that child i is in household j for notation convenience. 

12 I use H as this discussion is based on health (H) production functions. 
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 Appendix Figure 2. Ravens and PPVT scores gap 

 

Source: Author's calculations based on Young Lives data.  
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 Appendix 1 
 Cognitive tests description 

The Ravens is a measure of non-verbal reasoning ability. According to its creator, the test 
measures the two main components of general intelligence: the ability to think clearly and 

make sense of complexity, which is known as eductive ability; and the ability to store and 
reproduce information, known as reproductive ability. However, others have interpreted this 
test as showing just how good visual decodification skills in children are. This test has been 

used to assess the cognitive abilities of children in several international studies in developing 
countries, such as Guatemala, Kenya, Egypt and Mexico. Factor analytical studies show that 
the test is a good indicator for Spearman's g-factor. The standard version of the Ravens test 

consists of 5 scales (A–E), with 12 items in each scale. Each item contains a figure with a 
missing piece, below which alternative pieces are placed to complete the figure. Each set 
involves a different principle for obtaining the missing piece; within a set, the items are 

arranged in increasing order of difficulty. According to the instructions given by the trainer, 
Ravens Colored Matrices version was administered. The Colored Matrices version consists 
of three scales: Test-A (12 items), Test-B (12 items) and Test-AB (12 items). Subscales A 

and B measure aspects related to cognitive processes, while subscale AB measures the 
intellectual capacity of the children. The test is supposed to be relatively free of cultural bias. 
The score is the number of correct responses to the items. 

On the other hand, the PPVT is a a test of vocabulary recognition that has been widely used 

as a general measure of cognitive development. Earlier studies that have used the PPVT 
include Rosenzweig and Wolpin (1994), Blau (1991) and McCulloch and Joshi (2002). The 
PPVT consists of 17 sets of 12 words each. The child looks at pictures on an easel and 

identifies the picture which matches the word the interviewer reads out. Children start the test 
at a particular set depending on their age. They then move up or down depending on their 
responses. The response is always between 01 and 04. Training Items C and D (designed 

for children 8 years and older) are used for children aged 12 and Training Items A and B 
(designed for children under 8 years) are used for children aged 5 in the Young Lives 
sample. 

 Appendix 2 
 The caste system in India 

The caste system is still extremely important in India in various spheres, not least politically. 

The ‘Other Castes’ (also called ‘Upper Castes’, as I have defined them here) category 

comprises mostly of ‘forward castes’ who traditionally enjoy a more privileged socio-
economic status; at the other end of the spectrum, Scheduled Castes (SCs) and Scheduled 
Tribes (STs) are traditionally disadvantaged communities. SCs are the lowest in the 

traditional caste structure. They were formerly known as the ‘untouchables’ and now call 
themselves Dalit. In rural Andhra Pradesh, SC colonies are located separately, and in most 
cases away from the main villages. These colonies are named after the caste and even in 

the official records are often called harijana wada (or Dalit colonies). They have been 
subjected to discrimination for centuries and therefore had no access to basic services, 
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including education. National legislation aims to prohibit ‘untouchability’ and discrimination. 

STs are the indigenous people, living in and dependent on forests. Different groups of tribes 
live in different parts of Andhra Pradesh and vary in their culture, language and lifestyles. 
Though a good number of them are mainstreamed and live in plain areas, a considerable 

proportion continues to live in isolated hilltops and has little access to services. Backward 
Classes (BCs) are people belonging to a group of castes who are considered to be backward 
in view of the low level of the caste in the structure. In Andhra Pradesh, the BCs are further 

divided into four groups (ABCD) and some caste groups are placed in each of these sub-
groups. Recently, the High Court has ordered the inclusion of a fifth sub-group, E, and 
Muslims have been placed into this category. 

 Appendix 3 
 Parental investment as a latent variable and factor analysis 

Parental investment is a latent variable and therefore has to be estimated given available 

indicators through confirmatory factor analysis. More specifically, I am interested in a single 

measure for the respective latent variable and therefore employ a one-factor model. In 
general terms, the one-factor model assumes the following form: 

xit = bi0t + bi1t t + nit     (8) 

where x represents observed measures of the latent variable with i =1,...mt  denoting the 

different available indicators for the specific latent variable (as listed in Table 1); t is the 

factor for the latent variable (in this case, parental investment) and vit is an error term where  

t  and vit  are unobserved; bi1t  represents factor loadings and bi0t is a measure-specific 
intercept. In order to estimate the model, we have to make several distributional 

assumptions. First, the factor and the error term are uncorrelated and have an expected 
value of zero. Second, the errors are independent over time and across children. Thirdly, we 
assume that the relationship between the factor and the observed variables is linear. Finally, 

the scale of the common factor is fixed by setting the first factor loading equal to one. In brief, 
I perform a factor analysis of a correlation matrix by means of a maximum-likelihood 
estimation of equation 8. This analysis specifies the maximum-likelihood factor method 

assuming multivariate normal observations. This estimation method is equivalent to Rao's 
canonical-factor method, and maximises the determinant of the partial correlation matrix. 
Hence this solution is also meaningful as a descriptive method for non-normal data. The 

factor score is then predicted as the conditional mean of the latent variable given the 
observed variables. 
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