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	 Abstract

This paper analyzes the developmental origins and the evolution of health, cognitive, 
and socio-emotional skills during early childhood, from age 0 to 5. We explicitly model 
the dynamic interactions of health with the child’s behavior and cognitive skills, as well 
as the role of parental investment. A dynamic factor model corrects for the presence of 
measurement error in the proxy for the latent traits. Using data from the Avon Longi-
tudinal Study of Parents and Children (ALSPAC), we find that children’s capabilities 
strongly interact and build on each other: health is an important determinant of early 
socio-emotional development; in turn socio-emotional skills have a positive impact on 
the evolution of both health and cognitive functions; on the other side, the effect of cog-
nitive abilities on health is negligible. Furthermore, all facets of human capital display a 
high degree of persistence. Finally, mother’s investments are an important determinant 
of the child’s health, cognitive, and socio-emotional development early in life. 
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I. Introduction

Harry Truman once said “A nation is only as healthy as its children.” Indeed, var-
ious disciplines have accumulated evidence on the fundamental role played by early
childhood health in shaping wellbeing later in life.1 At the same time, an emerging
developmental literature has demonstrated the importance of early cognitive and
socio-emotional skills2: intelligence and cognition are a main ingredient in economic
success and personal wellbeing;3 the parallel importance of socio-emotional abilities
and personality in influencing later life outcomes has been extensively studied by
psychologist and, more recently, economists.4 Overall, the fundamental role that
skills and capabilities5 play in achieving a long and successful life has long been rec-
ognized, and the subsequent importance of investing and developing such abilities
is widely acknowledged.6

However most studies focus on a narrowly defined set of capabilities and usu-
ally fail to recognize or to properly estimate the rich set of complementarities and
interconnections among different skills. The main contribution of this paper is to
undertake a comprehensive approach that integrates health in a unifying framework
of human capital formation, considered as a multidimensional asset that dynami-
cally evolves in the family environment. We achieve this goal by considering a simple
economic model where future skills are generated by combining the past stock of the
child’s human capital, various parental abilities, and different types of investment.
This structure enables us to estimate the degree of self- and cross-productivity of
skills, and we are able to evaluate the degree of intergenerational transmission of
human capital and compare it to the effectiveness of investments in the realm of
parenting, curative health care, and preventive health care.

We formulate and estimate the model by building on various strands of literature.
We use extensively the structure developed by Cunha and Heckman (2007, 2008) and
generalized in Cunha et al. (2010), and integrate it with the seminal model of health
formation by Grossman (1972), extending it to the early childhood period. Like
Grossman, we consider the relation between health and investment choices; however,
he considers the health endowment and the preferences of adults as exogenous to
his model, while our analysis can shed light on how these important initial inputs
are formed.

Previous work by Palloni et al. (2009), Conti et al. (2010), and Conti and Heckman
(2010) evaluates the joint effects of health, cognitive skills, and socio-emotional
ability on adult outcomes. However, they do not have detailed data on the evolution
of health over childhood, and therefore they focus on the long-term relation between

1See the seminal epidemiological work of Barker et al. (1989b); Barker et al. (1989a); more recent work by
Gluckman and Hanson (2006); Case et al. (2005); Smith (2009); Goodman et al. (2011); as well as literature
reviews of Currie (2009); Currie et al. (2010); Bleakley (2010); Currie and Almond (2011).

2See Cunha et al. (2006); Heckman (2007); Cunha and Heckman (2007); Almlund et al. (2011)
3See, among many others, Cawley et al. (2001) Jokela et al. (2009)
4See Heckman et al. (2006); Borghans et al. (2008); Almlund et al. (2011); Hampson (2012); Heckman

(2012); Kautz et al. (2014); Heckman and Kautz (2012). Several terms have been used to refer to these skills:
noncognitive, socio-emotional, ‘soft’ skills, etc. This paper uses the term ‘socio-emotional’ skills throughtout.

5Interestingly, each field of study uses different terms to refer to similar underlying concepts: skills,
abilities, character, personality, aptitudes, traits, human capital, capabilities, and so on. The purpose of this
paper is not to spur a philosophical debate to highlight the distinctions between these terms, but rather to
take an empirical approach that considers only a core set of broadly defined latent constructs. Therefore we
will use these terms interchangeably throughout the paper. See Sen (1990, 1985) and Nussbaum (2011) for
a general discussion of ‘functionings’ and ‘human capabilities’.

6“The most valuable of all capital is that invested in human beings; and of that capital the most precious
part is the result of the care and influence of the mother” Marshall (1890), paragraph VI.IV.11
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later life outcomes and health endowments measured in one period early in life.
Following the early contribution of Shakotko et al. (1980b) and Shakotko et al.
(1980a), we focus on the evolution of health during the early childhood period, and
its impact on human capital formation.7

Furthermore, we contribute to the literature on environmental determinants of
health and human capital of the child. A lot of emphasis has been given to socioeco-
nomic determinants of health, especially by Marmot (2010); Duncan and Magnuson
(2005); Hertzman and Boyce (2010); however there is strong evidence that also
parenting factors,8 stress and maltreatment,9 and Early Childhood Interventions10

play a very important role in shaping adult health and wellbeing. We contribute to
this debate by evaluating the relative importance of different dimensions of parental
investment and compare them to the effect of maternal characteristics on the devel-
opment of the child.

In our empirical analysis we use data from a prospective cohort of British chil-
dren, followed since birth. We find substantial evidence of self-productivity and a
strong persistence of human capital: early insults to health, cognitive abilities and
socio-emotional skills have a long lasting impact over childhood. Furthermore, the
characteristics of the mother play an important role, especially early in life. We find
that family environment and parental investment have a significant effect on child-
hood development, especially in the areas of cognitive and socio-emotional abilities,
while curative care and preventive investment in health have an important influ-
ence on the child’s physical health and socio-emotional wellbeing. Furthermore, the
skills of the mother strongly relate to the ones of the child: her cognitive ability
have a prominent effect in the cognitive development of the child; her health has
a direct impact on the health of her offspring; her socio-emotional skills determine
the socio-emotional skills of the kid. In other words, we show evidence support-
ing the intergenerational transmission of capabilities. Finally, we find that health
is a fundamental dimension of human capital formation. While it does not seem
to be strongly related to cognitive development, it displays an important degree of
cross-linkage with socio-emotional development.

The remainder of the paper is structured as follows. Section 2 briefly introduces
the model, outlines the estimation strategy and then discusses the data and the
measurement used throughout the paper. Section 3 presents the estimation results
and comments on the main findings. Section 4 concludes.

II. Health Formation and Development of Skills

A. The Model

Our main interest lies in investigating the dynamic evolution of human capital dur-
ing childhood. A simple conceptual framework that suits the purpose was proposed
by Cunha and Heckman (2007) and we will follow it throughout the paper.

7There is a growing literature that analyzes the evolution of the health-income gradient as the child
ages, see Case et al. (2002); Currie and Stabile (2003); Currie et al. (2007); Chatterji et al. (2012); however
they focus on the relation between income and health at different ages, rather than on the evolution of
child health over time. Condliffe and Link (2008) lay down a dynamic model of health development over
childhood, but they do not estimate it because of lack of data.

8See Case and Paxson (2002); Stewart-Brown et al. (2005); Belsky et al. (2007); Waylen et al. (2008).
9See Danese et al. (2011, 2009).

10See Duggan et al. (1999); Olds (2002); Muennig et al. (2009); Heckman et al. (2010).
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Consider multiple periods of childhood t ∈ 1, 2, ..., T , T ≥ 2, followed by τ periods
of adult working life; the stock of human capital of a child in period t is represented
by a multivalued vector θt. We assume that at each period the human capital of
the child can be decomposed into three broad categories: cognitive abilities, θCt ,
socio-emotional skills, θSEt and health, θHt .11

The evolution of human capital over childhood has many determinants: the past
stock of the child’s skill, θt−1, the stock of parental ability, θP , as well as the quality
and amount of care, time and goods that the family invests into the development of
the child, θIt . Each of these inputs is potentially a multivalued vector with different
components. Regarding parental abilities, we follow a similar approach as for the
human capital of the child and consider three types of parental skills12: cognitive
ability, θCP , socio-emotional skills, θSEP as well as physical health, θHP . As far as the
investment dimension is concerned, in this paper we consider a factor that captures
parenting decisions and practices, θPIt , a factor of preventive investment in the health
of the child, θPHt , as well as the dimension of curative health care, θCHt .

Finally, the specification of an initial condition closes the model: assume that
each agent is endowed at birth with θ0, which captures both the family environment
and other factors that have a direct influence on birth conditions.13 Similarly to
parental characteristics, we consider the effect that this initial endowment has on
the evolution of human capital.

Combining everything together, we have the following general form for the pro-
duction function of next period human capital:

(1) θt+1 = f
(
θt,θ

I
t ,θP , θ0, ηt

)
where ηt captures unobserved inputs and shocks that affect the accumulation of

skills, and we assume that fk(·) is monotone increasing in its arguments and twice
continuously differentiable for k ∈ {C, SE,H}.

One of the problems that we have to face is that there is no natural scale to pin
down the distribution of θ. In order to overcome this drawback, we rely on the idea
that the ultimate goal of investing in human capital development is to enable the
child to live a long and successful life. What we care about are not mother’s reports
on temperament or wellbeing, but rather important lifetime outcomes such as the
ability to avoid sickness, criminal activity, teen pregnancy or drug abuse. In order
to capture this important aspect of skill formation, we analyze how adult outcomes
Qj , j ∈ {1, ..., J} originate from the various elements of the final stock of child’s
human capital θT+1:

(2) Qj = gj
(
θCT+1, θ

SE
T+1, θ

H
T+1

)
By doing so, the evolution of each facet of human capital can be related to its

productivity in the achievement of Qj . Furthermore, considering multiple outcomes

11See Appendix B.B2 for a discussion of the assumption to use three categories.
12Theoretically also parental characteristics could change and evolve over time; since the evolution of

skills in adulthood is not the main focus of this paper, for simplicity we will consider parental characteristics
to be time constant so that θkP,t = θkP for all t and k

13See for example Olds (2002) and Levitt (2003), as well as the extensive research of the effect of mother’s
choices during pregnancy on birth weight, Currie and Moretti (2007)
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allows for a richer characterization of the impact of each human skill; for instance,
child health could be more relevant in determining sickness later in life, while child
socio-emotional skills might be more relevant for adult depression.14

It is worth noticing that the formulation used in (2) assumes that only the final
stock of human capital θT+1 is relevant in explaining the outcomes Qj , which are
not allowed to depend on previous skills θT−t or the evolution of such skills. In the
empirical part we tested this assumption by including additional lags to equation
(2) and we did not find a substantial difference in the main results.

B. The Estimation strategy

The main issue with estimating technology (1) is that both inputs and outputs can
only be proxied: we do not observe the cognitive ability of a child, or the status of his
health. However there are many observable measures that are a manifest expression
of these latent traits, such as the result of a test or the number of times that a child
was sick; each of them can be measured more easily, albeit with a degree of error,
and used as an instrument to trace the distribution of the unobserved variables of
interest.

This problem has been extensively addressed in the field of psychometrics. Fol-
lowing Carneiro et al. (2003) and Hansen et al. (2004), we use a linear measurement
system to identify the joint distribution of the latent factors θ.15 Specifically, we

have access to multiple measurements
{
Mk,l
t

}Lkt
l=1

that we assume to be dedicated

to a particular latent factor k ∈ {C, SE,H, PI, PH,CH,P}.16 In this notation, Lkt
denotes the number of measurements available at time t for each factor k. Assuming
a linear dependence between the measurement and the factors, we have the following
system of equations:

MC,1
t = φC,1t Xt + αC,1t θCt + εC,1t

...

M
C,Lct
t = φ

C,Lct
t Xt + α

C,Lct
t θCt + ε

C,Lct
t

MSE,1
t = φSE,1t Xt + αSE,1t θSEt + εSE,1t

...

M
SE,LSEt
t = φ

SE,LSEt
t Xt + α

SE,LSEt
t θSEt + ε

SE,LSEt
t

MH,1
t = φH,1t Xt + αH,1t θHt + εH,1t

...

M
H,LHt
t = φ

H,LHt
t Xt + α

H,LHt
t θHt + ε

H,LHt
t(3)

or in compact form Mt = ΦtXt + Atθt + εt.

14See Cunha et al. (2006) for a review of such evidence
15See also Williams (2013) for a discussion of non-parametric estimation with discrete measures and

continuous latent variables.
16Dedicated refers to the assumption that each measure is only related to one latent variable, so that for

example ‘having a stomach ache’ is only related to health θH and not to cognition θC . Relaxing this assump-
tion awfully increases the number of parameters to be estimated

[
by (k − 1)×

∑
t

∑
k L

k
t

]
without yielding

significant improvements to the estimation. Exploratory Factor Analysis (EFA) on the measurements used

in this paper provides support for this assumption, since the factor loadings αk,Lt for measurements other
than the dedicated ones are usually very close to zero.
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φklt Xt is the mean of proxy l at time t for factor k, which can depend from some

observable characteristics X; εk,lt captures the noise inherent in that measurement.
Both the mean and the error term are assumed to be independent of the latent trait
θkt .

Assuming that the error terms εk,lt are orthogonal to each other and over time, and
using the related restrictions on the variance-covariance matrix of the measurements,

we can identify the factor loadings αk,lt and the variance of the latent factors up to
a scale.17 In order to achieve point identification of all the parameters, we need a
normalization. As for common practice, we normalize the first loading of each factor

to be one: αk,1t = 1 for all t and k.18 Finally, following Schennach (2004), we can
identify the distribution of θkt and the error εkt . In other words, the identification
comes from the idea that the latent trait θkt is the only component that drives the
common covariance of the measurements, once the effect of the observable X has
been netted out, while the rest of the variation is due to the noise.19

Assuming dedicated measurements or independent errors is not necessary for iden-
tification and relaxing these assumptions does not yield substantial difference in the
results.20 It is worth stressing that these assumptions do not require measurements
of different facets of human capital to be uncorrelated (this is not true in the data);
rather, the underlying assumption is that the correlations that we observe in the
data are only driven by the correlation of the latent factors.21 The same approach
leads to the identification of investment θIt and parental abilities θP .

Once the joint distribution of the various inputs and outputs
{
θt,θ

I
t ,θP

}
is iden-

tified, it is possible to identify the relevant parameters of the technology (1) using
the conditional correlation between the estimated factors. For simplicity, we follow
Cunha and Heckman (2008) and estimate a linear specification of the technology
function ft(·).Therefore we estimate the following system of linear equations:

 θSEt+1

θCt+1

θHt+1

 =

 γSE1 γSE2 γSE3

γC1 γC2 γC3
γH1 γH2 γH3

 θSEt
θCt
θHt

+

 δSE1 δSE2 δSE3

δC1 δC2 δC3
δH1 δH2 δH3

 θPIt
θPHt
θCHt


+

 βSE1 βSE2 βSE3

βH1 βH2 βH3
β0
1 β0

2 β0
3

 θSEP
θHP
θ0

+

 ηSEt
ηCt
ηHt



Assuming joint normality of the error terms εt, ηt we can jointly estimate the
measurement equations (3) and the technology equation (1) using a Maximum Like-
lihood Estimator.22

Another possible way of looking at the data is to solve the above system back-

17Identification of the model can be achieved using less stringent restrictions on the variance-covariance
matrix of the errors, see Cunha et al. (2010) for a more thorough discussion on non-classical measurement
error.

18Of course, the choice of which measurement is considered to be “the first” is discretionary. For each
outcome we purposefully choose a normalization method so that a higher value of the latent factor cor-
responds to a more favorable outcome. We choose the first measure to be the one that (usually) has the
highest factor loading, but we also try to be consistent over time periods so that the same measurement is
used for normalization. See appendix B.B1 for more details

19Notice that this identification technique is very similar to an instrumental variable approach, where
each measure is used as a proxy for the latent variable

20See appendix B for more details on the robustness checks; for a discussion of general assumptions on
the matrix of factor loadings A needed for identification of factor models see Anderson and Rubin (1956)
and Lopes and Fruhwirth-Schnatter (2010)

21See Tables A1 to A5 for the estimated correlation among the factor scores.
22For alternative methods of estimation, see Appendix C
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wards, expressing the final stock of skills at age T +1 as a function of all the series of
previous investments as well as the initial condition and parental abilities. This tech-
nique allows for a more straightforward characterization of the pattern of parental
investment and its relative importance, but it is not able to capture the potential
for complementarities across different facets of human capital.

C. The Data

One of the strengths of this analysis is the use of very precise measurements from
the Avon Longitudinal Survey of Parents and Children (ALSPAC), an extremely
rich dataset collected by epidemiologists at the University of Bristol. The ALSPAC
follows prospectively a cohort of children born from mothers living in a health district
in the former County of Avon, in the South West of England, with an expected
delivery date between April 1991 and December 1992.23 The children from 14,541
pregnancies were initially recruited. For this analysis we excluded all multiple births,
children with major congenital malformations or illnesses, those who did not survive
or dropped out of the study before 12 months, as well as children of minorities and
armed forces, leaving a cohort of 11,948 infants.24

Detailed information has been collected since pregnancy using self-administered
questionnaires, data extraction from research clinics and medical notes, linkage to
routine information systems. This dataset contains state-of-the-art measures of cog-
nition, behavior, and health of the child as well as indicators of personality, physical
and mental wellbeing of both the mother and the father (when present). An ex-
tensive report of the relationship between the caregiver and the child as well as the
choice of parenting practices allows for a precise characterization of the decision to
invest in the capabilities of the child. Furthermore, detailed reports of the child’s
food intake, activity level and utilization of medicine and health care facilities has
been collected. Coupled with the fact that the behavior of the mother has been
followed as early as 8 weeks into pregnancy, this enables a precise analysis of the
evolution of investment over the first part of the life-cycle, capturing the dynam-
ics that shape the evolution of health from early in the womb all the way to late
childhood.25

This great wealth of data enabled us to obtain all the measurements Mk,l
t necessary

for the estimation of the model. One of the contributions of the paper is to focus on
common variations in child health, measured using mothers assessment of the child’s
health and wellbeing,26 coupled with reports of specific illnesses that are very com-
mon in infant and toddlers (from cough and temperature to stomach ache). In other
words, health is measured using common symptoms and acute illnesses, rather than
complex and chronic health conditions. Therefore, instead of focusing on a minority
of very sick children, we consider the normal variation in health that virtually every
child in our dataset experiences.27 Regarding the other facets of human capital,

23See Fraser et al. (2013); Boyd et al. (2013)
2414,541 is the initial number of pregnancies for which the mother enrolled in the ALSPAC study and

had either returned at least one questionnaire or attended a “Children in Focus” clinical visit by 19/07/99.
Of these initial pregnancies, there was a total of 14,676 fetuses, resulting in 14,062 live births and 13,988
children who were alive at 1 year of age.

25Please note that the study website contains details of all the data that is available through a fully
searchable data dictionary, http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/.
Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local
Research Ethics Committees.

26Reported using a Likert scale from 1-“Very healthy, no problems” to 4-“Almost always unwell”
27In our sample, 99.7% of the children experience at least one of the symptoms that we use as measures

http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/
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cognitive ability of the child is evaluated with the MacArthur Infant Communica-
tion questionnaire (Fenson et al. (1991)), as well as a revised version of the Denver
Developmental Screening Test (Frankenburg and Dodds (1967)), which relate to 4
different categories: social and communication skills, fine motor skills, hearing and
speech, gross motor skills. Socio-emotional skills were elicited using the Carey Tem-
perament Scale for the first three years of life (Carey and McDevitt (1977), Fullard
et al. (1978)), and the Revised Rutter Parent Scale for Preschool Children until age
5 (Elander and Rutter (1996)). The extent of parental involvement in the develop-
ment of the child was assessed using questions adapted from the HOME Inventory
(Caldwell and Bradley (1984)), while the parental intervention on the realm of child
health was measured using questions regarding feeding behavior, frequency of visits
or calls to the doctor and usage of medicines.

Notice that measurements need not be the same across different ages: as the child
evolves, so do her skills and capabilities; therefore also the scales and the battery
of tests used should be age-appropriate and change in order to better reflect these
developments. For example, it would be preposterous to ask a one-year-old whether
she can read full sentences or count up to 100, which instead is asked in the Denver
Test for 5-year-olds. Similarly, mothers were asked whether they took their child to
the library only after age 2. On the other side, some questions are relevant for all
ages and should be asked consistently throughout the time periods, as is the case for
the questions about feeding or visits to the doctor. This aspect of flourishing and
maturation is reflected very well in the dataset that we use: as the child ages, some
questions are always asked to the respondent while others change in order to capture
the relevant aspects of child development and the richness of family environment.

Finally, mother abilities were evaluated at baseline before the birth of the child,
in order to obtain a stable measure that was not influenced by the current relation
with the child but would rather reflect the long-run characteristics of the care giver.28

Socio-emotional skills were accounted for by the Inter Personal Sensitivity Measure
(IPSM, Boyce and Parker (1989)), while measures of overall wellbeing and chronic
health conditions were used to evaluate her physical health. Since no intelligence test
or similar questions were asked to the mother, we use the highest grade achieved as
a proxy for her intellectual ability. Although not a perfect measure of θCP , education
is strongly related to cognitive ability and it is a variable of interest on its own,
since very easily available in most datasets and widely studied in the literature of
intergenerational transmission of wealth and capabilities.29

Tables (1− 4) provide more details on the measurements we used for the different
time periods.

to construct the health factor. On average, every time period children display 2 to 3 of these common
illnesses. On the other hand, in a cross-country comparison Merrick and Carmeli (2003) estimate childhood
disabilities raging from 5.8% in the US to 9.8% in Finland.

28This is important especially for socio-emotional skills and health: we do not want to mistakenly take
into account a transitory change in mood or health due to pregnancy or tense relationship with the child

29See for example the seminal paper Heath et al. (1985), as well as the discussion in Bowles and Gintis
(2002) and the analysis in Carneiro et al. (2013)
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Table 2: Measurements used for Parental Investment and Health Investment

t = 1 t = 2 t = 3
0 to 4 months 6m to 1y3m 1y6m to 2y6m

Parental investment

Feelings about pregnancy Mum plays games with child Mum plays games with child
Reaction to pregnancy Mum and child play with toys Mum plays with toys with child
Motherhood means personal sacrifice Mum shows child picture books Taken to interesting places
Motherhood gives new opportunities Taken to library

Mum talks to child while working Mum talks to child while working
Mum reads to the child

Mum tries to teach child Mom teaches child
No of books child owns No of stimulating toys
Maternal bonding Maternal experience

Preventive Health Investment

Breastfeeding duration Child being choosy with food Child been choosy with food
Child refuses milk Child refuses food Child refuses the right food
Baby fed on regular schedule Child has eating routine Child has eating routine
Difficulties feeding Difficulties feeding

Curative Health Investment

Ever called out doctor for baby Visits to doctor Doctor has seen child at surgery
No. Of medications since at home Doctor visits to home Doctor called to home
Intention to immunize baby No. Of doctor visits to home

Child had cough medicine Child had cough medicine
Child had antibiotics Child had antibiotics
Child had diarrhea medicine Child had diarrhea medicine

III. Estimates of the Technology

We now turn to the empirical estimates of our model.

A. Omitting the health factor

Let us begin with the estimation of the development of children’s cognitive and
socio-emotional skills, temporarily omitting the health factor and the health invest-
ments:

θkt+1 = γk1θ
C
t + γk2θ

SE
t + δk1θ

PI
t

+βk1θ
C
P + βk2θ

SE
P + βk3θ0 + ηkt

for t ∈ {1, ..., 5} and k ∈ {C, SE}. Columns (1)-(4) of table (5) show the results
for the whole sample of 11,948 children, first omitting and then including the effect
of the birth conditions.

There is evidence of substantial self-productivity of skills: current level of a skill
have a strong relation to its future levels. Furthermore, a certain degree of cross-
productivity can be found for socio-emotional skills, whose current level is related
to the development of cognitive abilities. Besides the past stock of a particular facet
of human capital, parental investment is the input that most strongly benefits the
development of both cognitive and socio-emotional capabilities. Finally, it seem that
mother’s education fosters the formation of cognitive skills but has no effect on the
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Table 3: Measurements used for Parental Investment and Health Investment

t = 4 t = 5
2y7m to 3y7m 3y11m to 4y9m

Parental investment

Mum plays games with child Mum makes things with child
Mum plays with toys with child Mum plays with toys with child
Taken to interesting places Taken to interesting places
Taken to library Taken to library
Mum talks to child while working Mum talks to child while working
Mum reads to the child Mum reads to the child
Mom teaches child Mum draws or paints with child
Maternal Enjoyment
Maternal Confidence

Preventive Health Investment

Child been choosy with food Child been choosy with food
Child refuses the right food Child refuses the right food
Child has eating routine Child has eating routine

Curative Health Investment

Doctor has seen child at surgery Doctor has seen child at surgery
Doctor called to home Doctor called to home
Child had cough medicine Child had cough medicine
Child had antibiotics Child had antibiotics
Child had diarrhea medicine Child had diarrhea medicine

Table 4: Measurements used for Mother Abilities and Birth Condition

Birth Condition Mother Socio-emotional Mother Health

Birth weight Interpersonal awareness Health up to pres pregnancy

Head circumference Need for approval History of hypertension
Crown-heel length Separation anxiety History of diabetes

placental weight Timidity Body Mass Index
Fragile inner-self Problems requiring regular treatment



11

development of the child’s socio-emotional abilities. Regarding the importance of
initial conditions θ0 on the development of the child, there seems to be no discernible
effect on the evolution of cognitive skills and a small effect on the behavior of the
child. Omitting this factor from the analysis does not change substantially the
results; for this reasons we do not take it into account for the rest of the analysis.30

Table 5: Technology of Cognitive and Socio-emotional Skill Formation.

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

Cognitive Skills Socio-emotional Skills

θCt+1 θSEt+1

Cognitive γ1 0.622 0.623 0.000 0.002
Factor θCt (0.005) (0.005) (0.006) (0.006)

Socio-emotional γ2 0.039 0.039 0.512 0.514
Factor θSEt (0.006) (0.006) (0.007) (0.006)

Parenting δ1 0.117 0.117 0.149 0.146
Investment θPIt (0.009) (0.009) (0.010) (0.010)

Mother β1 0.042 0.041 0.001 0.003
Education θCP (0.003) (0.003) (0.003) (0.003)

Mother β2 0.013 0.011 0.077 0.076
Socio-emotional θSEP (0.004) (0.004) (0.005) (0.004)

Birth β3 0.009 0.017

Condition θ0 (0.004) (0.004)

Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using linear factor

model. Controls X: constant, age of the child at the assessment date in months, gender dummy, parity.

See tables (1− 4) for definition of factors

B. The health factor

Let’s now evaluate what is the effect of taking into consideration also health as
an integral component of the child’s development and the mother’s enduring char-
acteristics. Table (6) shows the estimates of the following equation:

θkt+1 = γk1θ
C
t + γk2θ

SE
t + γk3θ

H
t + δk1θ

PI
t

+βk1θ
C
P + βk2θ

SE
P + βk3θ

H
P + ηkt

for t ∈ {1, ..., 5} and k ∈ {C, SE,H}.
We notice that there is a strong effect of health in the production of socio-emotional

skills, and similarly socio-emotional abilities of the child are an important determi-
nant of the child’s health in the future periods. However there seems to be no
significant correlation between the cognitive abilities of the child and her health sta-
tus; although puzzling, this is in line with the results of Shakotko et al. (1980a,b).

30All of the following estimates have been carried out also including θ0 as additional control and the
difference in estimated coefficients is negligible. All tables are available from the author upon request.
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Furthermore, we notice that mother health is a significant determinant of the child
development, especially concerning socio-emotional skills and health.

Table 6: Technology of Cognitive, Socio-emotional and Health Formation

(1) (2) (3)
Cognitive Socio-emotional Health

Skills θCt+1 Skills θSEt+1 θHt+1

Cognitive γ1 0.620 0.015 0.002
Factor θCt (0.005) (0.007) (0.005)

Socio-emotional γ2 0.040 0.483 0.019
Factor θSEt (0.008) (0.007) (0.005)

Health γ3 0.015 0.163 0.720
Factor θHt (0.010) (0.011) (0.008)

Parenting δ1 0.125 0.139 -0.013
Investment θPIt (0.010) (0.012) (0.008)

Mother β1 0.043 0.003 -0.011
Education θCP (0.004) (0.012) (0.009)

Mother β2 0.011 0.065 0.016
Socio-emotional θSEP (0.006) (0.006) (0.004)

Mother β3 0.006 0.027 0.042

Health θHP (0.006) (0.022) (0.006)

Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using linear factor

model. Controls X: constant, age of the child at the assessment date in months, gender dummy, parity.

See tables (1− 4) for definition of factors

C. Investment in Health

Parental decisions about child health care can play a fundamental part in the
evolution of the child’s health and wellbeing. We consider two types of health
investment: preventive health care (θPHt ), and curative health care (θCHt ).31 The
first is proxied by feeding patterns, while the second is measured using the number of
visits and calls to the doctor as well as the use of medicines. Using these information,
we estimate the following equation:

θkt+1 = γk1θ
C
t + γk2θ

SE
t + γk3θ

H
t + δk1θ

PI
t + δk2θ

PH
t + δk3θ

CH
t

+βk1θ
SE
P + βk2θ

SE
P + βk3θ

H
P + ηkt

for t ∈ {1, ..., 5} and k ∈ {C, SE,H}.
Table (7) shows the estimates of the effect of introducing preventive investment in

the technology of skill formation. We notice that preventive health care, measured

31These represent the two most relevant health investments performed by the family. Sometimes, both
of these types are referred to as prevention, as in Breslow (1999): “Primary prevention means averting the
occurrence of a disease ...[and] ...secondary prevention means halting the progression of a disease from its
early unrecognized stage to a more severe one”.
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as the feeding practices of the mother since birth, are not related to the cognitive
development of the child, but influence the evolution of the child’s health as well as
the formation of her socio-emotional skills. This is in line with the results found by
Motion et al. (2001), who relate the persistence of poor feeding patterns to behavioral
difficulties in infancy,32 as well as Wiles et al. (2007), who find a connection between
poor eating patterns in early childhood and hyperactivity at age 7.33

Table 7: Technology of Cognitive, Socio-emotional and Health Formation with Preventive Health Invest-
ment

(1) (2) (3)
Cognitive Socio-emotional Health

Skills θCt+1 Skills θSEt+1 θHt+1

Cognitive γ1 0.618 0.014 0.001
Factor θCt (0.005) (0.006) (0.005)

Socio-emotional γ2 0.043 0.464 0.009
Factor θSEt (0.008) (0.007) (0.005)

Health γ3 0.014 0.147 0.710
Factor θHt (0.010) (0.011) (0.008)

Parenting δ1 0.122 0.135 -0.014
Investment θPIt (0.010) (0.011) (0.008)

Preventive δ2 -0.001 0.057 0.030
Care θPHt (0.007) (0.008) (0.006)

Mother β1 0.044 0.002 -0.012
Education θCP (0.004) (0.008) (0.007)

Mother β2 0.012 0.064 0.016
Socio-emotional θSEP (0.006) (0.006) (0.004)

Mother β3 0.006 0.026 0.041

Health θHP (0.006) (0.016) (0.005)

Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using linear factor

model. Controls X: constant, age of the child at the assessment date in months, gender dummy, parity.

See tables (1− 4) for definition of factors

Table (8) introduces into the estimation the effect of curative health care. An
important feature of our data is that it is not biased by differential access to doctors
and hospitals: the health care system in the UK is public and provides equal access
to mothers and children from all backgrounds and socio-economic status. Therefore
we do not have to worry about issues related to health insurance and access to

32Contrary to our estimates, they also find significant relations between feeding difficulties and certain
items of the Denver Developmental Scale. However they do not control for initial conditions and early
measurement of health, cognitive or socio-emotional skills

33The authors use a composite measure of “junk food”. The association with hyperactivity remains after
controlling for socio-economic condition, a measure of IQ and other potential confounding factors; they don’t
find any significant association with other behavioral measures of the Strength and Difficulties Questionnaire
(SDQ).
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affordable health care. Our approach is similar to the joint estimation of health
status and health care utilization performed by Van Vliet and Van Praag (1987),
who also model health and curative care as latent variables and use data from the
Netherlands in order to avoid the problem of self-selection into health insurance.34

With the advantage of having access to a panel data, we can introduce a dynamic
component into the analysis so that we can better understand the effect of health
care utilization on the evolution of health.

As expected, current health status of the child and current health care utilization
are negatively related.35 However we find that curative investment has a strong
and positive effect on the future health of the child, comparable to the effect that
parental investment has on the cognitive development of the baby; on top of it, we
also notice that the more the mother is in contact with a doctor, the better are the
socio-emotional outcomes of her child.

Table 8: Technology of Cognitive, Socio-emotional and Health Formation with Curative Health Investment

(1) (2) (3)
Cognitive Socio-emotional Health

Skills θCt+1 Skills θSEt+1 θHt+1

Cognitive γ1 0.621 0.013 -0.002
Factor θCt (0.005) (0.005) (0.003)

Socio-emotional γ2 0.043 0.474 0.014
Factor θSEt (0.007) (0.006) (0.004)

Health γ3 0.026 0.352 0.899
Factor θHt (0.007) (0.008) (0.005)

Parenting δ1 0.121 0.124 -0.019
Investment θPIt (0.009) (0.010) (0.005)

Curative δ3 0.016 0.196 0.167
Care θCHt (0.006) (0.009) (0.006)

Mother β1 0.045 0.015 0.000
Education θCP (0.004) (0.011) (0.007)

Mother β2 0.009 0.062 0.013
Socio-emotional θSEP (0.006) (0.005) (0.003)

Mother β3 0.007 0.024 0.035

Health θHP (0.005) (0.015) (0.004)

Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using linear factor

model. Controls X: constant, age of the child at the assessment date in months, gender dummy, parity.

See tables (1− 4) for definition of factors

34They have access to potential exogenous shifter of health care demand, such as distance from the
hospital, general practitioners per thousand inhabitants, specialists per thousand. They find that only the
latter are important predictors of health care utilization. Regretfully we don’t have such information in our
dataset; however all respondents live in the same geographic area of Avon and therefore we do not expect
those aggregate variables to be important sources of variation in our setting.

35The covariance between θHt and θCHt is -0.17 in the first period, -0.26 in the second, -0.30 in the third,
-0.33 in the fourth and -034 in the last period. See Appendix A for more details.



15

Finally, table (9) jointly controls for the effect of curative and preventive health
investment. We notice that introducing both types of investments slightly reduces
the estimates of the coefficients associated with the health factor as well as the effect
of curative health care, which nevertheless remains a stronger driver of the child’s
health and socio-emotional ability; all the other estimates are fairly stable.

Table 9: Technology of Cognitive, Socio-emotional and Health Formation with Preventive and Curative
Health Investment

(1) (2) (3)
Cognitive Socio-emotional Health

Skills θCt+1 Skills θSEt+1 θHt+1

Cognitive γ1 0.619 0.014 -0.002
Factor θCt (0.005) (0.006) (0.003)

Socio-emotional γ2 0.042 0.458 0.006
Factor θSEt (0.006) (0.007) (0.004)

Health γ3 0.032 0.334 0.892
Factor θHt (0.006) (0.009) (0.007)

Parenting δ1 0.120 0.118 -0.016
Investment θPIt (0.009) (0.010) (0.006)

Preventive δ2 -0.004 0.049 0.014
Care θPHt (0.006) (0.007) (0.004)

Curative δ3 0.021 0.191 0.165
Care θCHt (0.005) (0.009) (0.010)

Mother β1 0.045 0.015 0.000
Education θCP (0.003) (0.003) (0.002)

Mother β2 0.012 0.061 0.012
Socio-emotional θSEP (0.005) (0.005) (0.003)

Mother β3 0.005 0.024 0.035

Health θHP (0.004) (0.004) (0.004)

Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using linear factor

model. Controls X: constant, age of the child at the assessment date in months, gender dummy, parity.

See tables (1− 4) for definition of factors
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IV. Later Life Outcomes

In this section we present the estimates of equation (2) and we explore how the
skill factors in the final period of childhood T have an effect on relevant life-time
outcomes Qj . In a follow-up survey at the age of 16, different questions were asked
regarding various aspects of the teen-age life, inquiring about health, depression,
anti-social behaviors and education. We used these personal achievements to anchor
the technology of skill formation on concrete and relevant outcomes that are of
interest both to parents and policy-makers.

Table 10: Anchoring on Later Life Outcomes

Very Good Never Never

Health Suicidal Shoplifted

Cognitive 0.022 0.066 0.132
Factor θCT (0.050) (0.058) (0.045)

Socio-emotional 0.210 0.052 0.112
Factor θSET (0.034) (0.042) (0.032)

Health 0.100 0.088 0.172

Factor θHT (0.040) (0.049) (0.037)

Mean of Qj 0.66 0.76 0.93

Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using linear factor

model. Controls X: constant, age of the child at the assessment date in months, gender dummy, parity.

See tables (1− 4) for definition of factors. Unconditional mean of the outcome variable reported in the

bottom row.

Table (10) reports the relation between age 5 cognitive abilities θCT , socio-emotional
skills θSET , and health θHT and the probability of reporting very good or excellent
health;36the probability of having never felt that “life was not worth living”;37 the
probability of being in full time education;38 the probability of not shoplifting.39

We can see that health is a very important determinant of depression, anti-social
behavior and general health, with a magnitude that is always bigger than the effect
of cognition. Not surprisingly, socio-emotional skills are the greatest determinant of
depressions symptoms, and they also have a bearing on the probability of being in
good health and avoiding shoplifting.

V. Conclusion

Building on an existing model of capabilities formation, we analyzed the childhood
development of three important facets of human capital: cognitive abilities, socio-
emotional skills, and health. A flexible model with dynamic latent factors allowed

36The teenager was asked to rate her general health from “excellent” (1) to “poor” (5). We constructed
an indicator for reporting either excellent or very good health, which represents about 2/3 of the population.

37About 76% of the 16-years-old state they never had such symptom of depression
3882% of the adolescents report attending school full time
3993% of the interviewed report has never having “taken something from a shop without paying for it in

the past year”. This question was asked in a previous questionnaire, at the age 14.



17

tackling the pervasive issue of imperfect proxies, so that reliable estimates of the
interaction between these different traits could be evaluated. A linear technology of
health and skill formation was estimated, taking into consideration parental invest-
ment, curative health care, preventive health care, and maternal characteristics.

Our analysis gives strong empirical support to the claim that health is a fun-
damental part of human capital that dynamically interacts and evolves with other
skills and capabilities. An illness can slow down the socio-emotional and cognitive
growth of the child, while good physical health promotes the flourishing of human
capabilities. Furthermore, these processes start interacting very early in life and
build on each other since birth.

One might expect that these dynamic complementarities apply to severe chronic
conditions and disabilities, which certainly incapacitate the normal cognitive, social
and emotional development of a child. However we demonstrate that similar rela-
tions hold for common ailments and acute, short-term illnesses that virtually any
child experiences while growing up.

We also show how simple investments in curative and preventive health care that
start since birth have a strong positive impact on children’s health, cognitive, and
especially socio-emotional skills.

Ignoring the health dimension in the process of human capital formation biases our
perception and fails to properly take into account the synergies and spillovers that
characterize the biological, social, and cognitive evolution of children. An improve-
ment in any facet of human capital propagates through the complex architecture of
our bodies and minds. Similarly, interventions that induce better parenting prac-
tices and greater investment can influence children in multiple ways, and impact
their development in many dimensions.

Every individual is a single, interconnected organism that unifies various skills.
This form of bundling represents both a problem - an educator cannot teach math to
feverish children - but also a potential opportunity, since a comprehensive approach
to child development can fully capitalize on the multiple synergies and interconnec-
tions among different capabilities, promoting more efficiently the wellbeing of young
individuals.

However current policies for early childhood development seem to negate and
neutralize such important links. Halfon et al. (2009) show how services targeting
children in the U.S., England, Canada and Australia have been excessively frag-
mented: pediatricians, educators and psychologists work in separate environments
and compartmentalized structures that focus on their area of expertize, and seldom
interact with each other even when dealing with the same child.40,41 Furthermore,
the early periods of life, before the entry in kindergarten, are often neglected by
national public policies, so that the burden of child care falls mainly on the family.
42

Building on policies suggested by studies in public health,43 our results support

40Interestingly enough, this was not the case a century ago. Both Margaret McMillan in England, and
Maria Montessori and the Agazzi sisters in Italy, placed a great emphasis on health prevention, routine
dental and physical screenings, and promotion of proper hygiene in their nursery schools. See Lascarides
and Hinitz (2000).

41This is true also for professors and academics and not only for practitioners. For an argument in favor
of greater integration of various disciplines, see Duncan (2012).

42Glascoe (2000) estimates that about 70% of children with developmental problems at kindergarten entry
could have been identified earlier, but were not.

43See for example the public health strategies proposed in Halfon et al. (2003); Halfon and Inkelas (2003)
and Shonkoff et al. (2009).
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the notion that preventive and curative health care for children should start very
early and be fully integrated into the realm of family policies and early education;
screening and prevention should start since birth; and the wellbeing of the child as
a whole should be the focus of policy, not simply the promotion or prevention of a
very specific outcomes measures such as reading ability or obesity. Only this holistic
approach can fully capture the biological and technological synergies between health,
socio-emotional, and cognitive development of the child.
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A. Latent Factor Distribution

In this Appendix there is a more detailed description of the distribution of the
latent factors estimated using the ALSPAC sample, as described in section II.B.
Here below are the estimated Variance-Covariance matrix of all the factors for each
time period.

Table A1: Variance-Covariance Matrix of the factors, time 1

θC1 θSE1 θH1 θPI1 θPH1 θCH1 θSEP θHP θCP

Cognitive 0.349 0.064 -0.003 0.058 0.015 0.031 0.028 -0.001 -0.126
Socio-emotional 0.460 0.074 0.065 0.140 -0.058 0.077 0.059 -0.009
Health 0.189 0.033 0.100 -0.173 0.055 0.077 0.006
Parenting 0.192 0.049 0.003 0.034 0.049 0.021
Preventive Care 0.216 -0.092 0.061 0.063 0.093
Curative Care 0.218 -0.040 -0.066 -0.057
Mom Socio-emotional 0.767 0.108 -0.040
Mom Health 0.984 0.078
Mom Education 1.585

Table A2: Variance-Covariance Matrix of the factors, time 2

θC2 θSE2 θH2 θPI2 θPH2 θCH2 θSEP θHP θCP

Cognitive 0.537 0.095 0.004 0.113 0.026 0.017 0.034 0.019 -0.006
Socio-emotional 0.558 0.095 0.085 0.135 -0.064 0.102 0.080 0.015
Health 0.278 0.022 0.078 -0.260 0.056 0.094 0.000
Parenting 0.257 0.029 0.007 0.043 0.047 0.050
Preventive Care 0.517 -0.061 0.083 0.059 0.008
Curative Care 0.340 -0.034 -0.075 -0.078
Mom Socio-emotional 0.767 0.108 -0.040
Mom Health 0.984 0.078
Mom Education 1.585

Table A3: Variance-Covariance Matrix of the factors, time 3

θC3 θSE3 θH3 θPI3 θPH3 θCH3 θSEP θHP θCP

Cognitive 0.622 0.116 0.010 0.150 0.024 0.008 0.039 0.032 0.073
Socio-emotional 0.598 0.141 0.096 0.144 -0.069 0.118 0.094 0.021
Health 0.352 0.013 0.075 -0.302 0.058 0.108 -0.010
Parenting 0.301 0.019 0.009 0.050 0.046 0.074
Preventive Care 0.632 -0.046 0.096 0.056 -0.044
Curative Care 0.404 -0.030 -0.082 -0.092
Mom Socio-emotional 0.767 0.108 -0.040
Mom Health 0.984 0.078
Mom Education 1.585

B. Construction of the Factors

B1. The Measurements

A fundamental part of the analysis is the choice of the measures that construct
the latent factors analyzed throughout the paper. Although most of the analysis
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Table A4: Variance-Covariance Matrix of the factors, time 4

θC4 θSE4 θH4 θPI4 θPH4 θCH4 θSEP θHP θCP

Cognitive 0.665 0.131 0.016 0.175 0.020 0.002 0.044 0.041 0.124
Socio-emotional 0.634 0.193 0.101 0.152 -0.072 0.127 0.103 0.018
Health 0.418 0.004 0.077 -0.321 0.060 0.119 -0.023
Parenting 0.329 0.013 0.009 0.055 0.045 0.093
Preventive Care 0.677 -0.038 0.104 0.055 -0.075
Curative Care 0.437 -0.027 -0.086 -0.103
Mom Socio-emotional 0.767 0.108 -0.040
Mom Health 0.984 0.078
Mom Education 1.585

Table A5: Variance-Covariance Matrix of the factors, time 5

θC5 θSE5 θH5 θPI5 θPH5 θCH5 θSEP θHP θCP

Cognitive 0.688 0.142 0.023 0.192 0.017 -0.002 0.048 0.047 0.158
Socio-emotional 0.670 0.242 0.104 0.157 -0.073 0.135 0.110 0.012
Health 0.478 -0.003 0.081 -0.329 0.063 0.128 -0.037
Parenting 0.349 0.009 0.009 0.059 0.044 0.108
Preventive Care 0.695 -0.034 0.109 0.054 -0.094
Curative Care 0.455 -0.025 -0.090 -0.111
Mom Socio-emotional 0.767 0.108 -0.040
Mom Health 0.984 0.078
Mom Education 1.585

presented in the paper is carried out at the level of the unobservable factors, the
observable measures that lie underneath are the raw source of data and variation
that allow us to obtain the main results. Therefore selection of the measures to use
has been done with extreme care.

We initially selected all the potentially relevant variables from the mother’s and
child’s questionnaires, which were already subdivided into sections that are related
to our different factors.44 When choosing which measurements to use, we followed
both a theoretical and a statistical approach. A priori, we privileged the inclusion of
variables that had been validated and widely used in the psychometric and psycho-
logical literature, as well as questions that were asked consistently over time. This
was done in order to be comparable with the existing literature and to incorporate
all the dynamic feature of the raw data. In the analysis of the data, we used Ex-
ploratory Factor Analysis (EFA)45 in order to evaluate the stability of each latent
factor and to discard those measures that were poorly related to the construct of in-
terest. We then performed Confirmatory Factor Analysis (CFA)46 and included into
the general model all of the variables previously selected, estimating jointly both
the measurement system (3) and the dynamic technology of skill formation (1). Fol-
lowing the suggestions of Costello and Osborne (2005) and for parsimony of the
estimation47, we discarded from the measurement system those variables that dis-

44For example, some names of the sections are “About your baby: milestones” and “Understanding and
Talking”; “Temperament”; “Your Baby’s Health”; “You and your baby” and “Looking after your baby”
and “Your infant and her environment”; “Feeding”; “Problems and treatment: doctors”. They contained
respectively the measures that we used for constructing the cognitive; socio-emotional; health; investment;
preventive health; and curative health factors.

45For a discussion of its use, see among others Fabrigar (2011); Joliffe and Morgan (1992)
46See Bollen (1989); Brown (2006)
47The number of parameters estimated to produce Table 9 are already 1,011
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played either a very low factor loading, indicating a poor correlation with the other
measures and the latent factor (the weak-loading problem), or a low communality,
indicating a poor noise-to-signal ratio48.

B2. Number of factors

The dimensionality of the stock of human capital is a highly debated issue among
professionals of different disciplines. Considering cognition in adulthood, psychome-
tricians have developed a hierarchy of “orders” among different mental functions:
a high order factor (sometimes called general factor g) is predictive of all cognitive
tasks, while many lower order factors are predictive of performance in particular
tasks, like verbal ability, numeracy, coding speed, etc.49. Considering adult per-
sonality, a partial consensus within personality psychologists was reached in the
construction of a 5-factor model (The Big Five), but other competing models with
higher dimensionality are still used.50 Furthermore, one could theorize that the
number of factors increases with age: a small number of factors could characterize
fairly well the facets of human capital of a toddler, but a greater variety of cognitive,
health, and personality traits would better capture the human capital of an adult.
New traits could be flourishing over the life-cycle.

Since we are considering only the very first years of life, and the purpose of the
paper is to characterize broad linkages across different domains of human capital,
we consider a parsimonious and tractable model with only three main factors. Such
theoretical decision is also backed-out by the measurement present in the data:
figure (B1) is a screeplot of the eigenvalues of the covariance matrix of all the mea-
surement used in each time period. Following the suggestions from Cattell (1966),
the optimal number of factors should be chosen when an elbow appears on the
curve. Although not always strikcly evident, the choice of 6 factors (Cognitive,
Socio-emotional, Health, Parenting, Curative and Preventive care) seems reason-
able also from an empirical perspective.

B3. Reliability and Consistency

A first approximation of the reliability and the internal consistency of the measures
chosen can be summarized by Cronbach’s α (Cronbach (1951)), a very widely used
statistic calculated from the pairwise correlations between items.

As shown in table (B1), most of the factors used in the paper have a quite high
internal consistency. A lower level of reliability is found among the measurements
used for the first period, from 0 to 4 months of life, and in the construction of the
curative health care factor.

A more in depth analysis requires moving away from the latent constructs and
analyzing directly the raw measures that are at the heart of the factor analysis.

In order to have a better idea of the importance of each measure in the construction
of the latent factors, we report some of the relevant estimates that are essential for
the identification of the model used. Consider the general measurement equation
for factor k at period t

Mk,l
t = φk,lt Xt + αk,lt θ

k
t + εk,lt

48See equation (B1) below for a more precise definition of communality. Tables (B2 − B9) report the
estimated factor loadings and commonalities of the measures included

49See for instance Ackerman and Heggestad (1997)
50See Almlund et al. (2011) for a discussion.
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Figure B1: Scree Plot

netting out the variation that is due to the observable covariates Xt, the variance
of each measurement can be decomposed into the part that is related to the latent
factor (signal) and the part that is due to the error term (noise):

V ar
(
Mk,l
t |Xt

)
=
(
αk,lt

)2
V ar(θkt )︸ ︷︷ ︸

signal

+V ar(εk,lt )︸ ︷︷ ︸
noise

With this distinction in mind we can compute the communality of each measure,
which represents the share of the variance that can be attributed to the signal:

Table B1: Internal Consistency of the Factors: Cronbach’s α

t = 1 t = 2 t = 3 t = 4 t = 5

Cognitive Factor 0.641 0.790 0.859 0.800 0.812
Socio-emotional Factor 0.801 0.795 0.688 0.551 0.666

Health Factor 0.442 0.607 0.623 0.596 0.607
Parental Investment 0.569 0.558 0.649 0.551 0.662

Preventive Health Investment 0.350 0.829 0.667 0.658 0.779
Curative Health Investment 0.171 0.489 0.457 0.404 0.395

Mother Socio-emotional 0.837 Mother Health 0.362 Initial Condition θ0 0.840
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(B1) st,k,lθ =

(
αk,lt

)2
V ar(θkt )(

αk,lt

)2
V ar(θkt ) + V ar(εk,lt )

The uniqueness, which is the share of the variance that can be attributed to the

noise, is simply the residual share of the variance: st,k,lε = 1− st,k,lθ . The higher the
communality, the more the measure is relevant for the construction of the factor and
the lower is the measurement error intrinsic in the proxy used.

Tables (B2 − B9) report the estimates of the factor loadings αk,lt as well as the

commonalities st,k,lθ for all the measures used in the paper. As we can see, the
prevalence of measurement error varies a lot over different factors k and over time
t; however we cut the data, we see that the noise is quite substantial, especially in
earlier measures as well as in those variables that are associated to the investment.
The fact that a high share of the overall is due to noise further substantiates the
need for an appropriate model that takes this feature of the data into account: the
dynamic factor model used in this paper is our suggestion to tackle this problem.

Table B2: Cognitive Factors: loadings and signal

Measurement α sθ Measurement α sθ

t = 1 t = 3

Baby laughs 1.000 35.95% Vocabulary knowledge 1.000 77.91%
Baby looks at mum’s face 0.583 11.69% Language knowledge 0.896 56.61%

Baby follows mum with eyes 0.806 22.62% Plurals knowledge 0.942 62.25%

Baby smiles 1.050 38.45% Grammar 0.870 54.37%
Baby squeals 0.809 23.14% Communication 0.813 47.12%

Baby lifts head when on tummy 0.489 8.32% Social achievement 0.554 20.77%

Baby touches hands together 0.529 10.03% Social achievement 0.464 15.65%
Fine motor 0.435 12.49%

t = 2 t = 4

Vocabulary knowledge 1.000 56.57% Vocabulary knowledge 1.000 64.70%
Understanding 0.855 41.23% Past tense knowledge 0.942 57.62%

Non-verbal communication 0.768 34.01% Plurals knowledge 0.804 41.89%

Communication 0.553 16.69% Word combination 0.958 63.59%
Social skills 0.663 24.12% Social development 0.560 23.21%

Social development 0.900 45.82% Fine motor 0.607 27.09%
Fine motor 0.673 25.71% t=5

Gross motor 0.535 15.81% Reading and counting 1.000 55.84%

Playing and sharing 0.681 33.52%
Listening and singing 0.806 43.88%
Social skills 0.851 51.73%

Drawing skills 0.836 51.96%
Building skills 0.522 23.99%

B4. Dedicated Measurements

Throughout the paper we maintain the assumption of dedicated measurements,
which means we assume that each measure is related to one factor only and does not
load on any other trait. Considering the measurement equation Mt = ΦtXt+Λtθt+
εt, this is equivalent to imposing restrictions on the matrix of factor loadings Λ,
notably that each row has only one non-zero entry. For example, considering measure
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Table B3: Socio-emotional Factors: loadings and signal

Measurement α sθ Measurement α sθ

t = 1 t = 3

Baby is grizzly 1.000 48.81% Adaptability 1.000 60.98%

Baby is placid 0.930 40.09% Approach 0.346 7.24%
Baby is fretful 1.049 50.40% Mood 0.972 56.28%

Baby is demanding 0.889 37.13% Rhythmicity 0.404 9.75%

Baby is angry 0.903 37.86% Persistence 0.557 18.76%
Baby is stubborn 0.637 18.87% Activity 0.651 25.46%

Baby is happy 0.785 28.27% Intensity 0.655 25.57%
t = 4

t = 2 Conduct difficulties 1.000 57.15%

Adaptability 1.000 55.75% Emotional difficulties 0.548 19.03%
Approach 1.004 55.93% Hyperactivity 0.719 32.71%

Mood 0.983 53.08% Prosocial 0.452 13.27%

Rhythmicity 0.566 17.88% t=5
Persistence 0.625 21.76% Conduct difficulties 1.000 66.59%

Distractibility 0.929 47.53% Activity 0.542 19.69%

Aggressivity 0.659 30.35%
Relation with other children 0.682 31.37%

Sociability 0.501 17.01%

Concentration 0.344 8.02%

Table B4: Health Factors: loadings and signal

Measurement α sθ Measurement α sθ

t = 1 t = 4
Health of child in past month 1.000 19.88% Health of child in past month 1.000 40.81%

Baby vomits 0.941 16.86% Health of child in past year 0.956 36.02%

Baby possets 0.657 8.22% Child had .. cough 0.461 8.79%
Baby ever had .. cough 0.437 3.61% ... vomiting 0.422 7.34%

... high temperature 0.559 5.94% ... stomach ache 0.527 11.46%

... sniffles 0.836 13.27% ... high temperature 0.731 21.65%
t = 2 ... earache 0.623 15.81%

Health of child in past month 1.000 28.47% ... rash 0.415 7.12%

Health of child in 1st month 1.082 32.64% ... headache 0.405 6.78%
Child had .. cough 0.783 17.16%

... diarrhea 0.677 12.72% t=5

... vomiting 0.802 17.82% Health of child in past month 1.000 43.54%

... high temperature 0.795 17.76% Health of child in past year 0.819 30.09%

... cold 0.497 6.89% Child had .. cough 0.410 7.92%
t = 3 ... vomiting 0.480 10.80%

Health of child in past month 1.000 52.56% ... stomach ache 0.509 12.13%

Child had .. cough 0.539 20.51% ... high temperature 0.675 20.84%
... diarrhea 0.513 14.20% ... earache 0.686 21.50%

... vomiting 0.594 19.36% ... rash 0.445 9.29%

... stomach ache 0.507 14.54% ... headache 0.470 10.31%

... high temperature 0.671 22.07% Number of infections 0.813 29.91%

... earache 0.454 14.96%
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Table B5: Parental Investment: loadings and signal

Measurement α sθ Measurement α sθ

t = 1 t = 4

Feelings about pregnancy 1.000 21.72% Mum plays games with child 1.000 29.22%

Reaction to pregnancy 1.156 26.32% Taken to library 0.460 6.97%
Motherhood means personal sacrifice 0.615 7.56% Taken to interesting places 0.504 8.46%

Motherhood gives new opportunities 0.956 18.98% Mum talks to child while working 0.744 18.09%

t = 2 Mum reads to the child 0.925 28.28%
Mum shows child picture books 1.000 26.65% Mom teaches child 0.769 19.88%

Mum plays games with child 0.736 14.03% Maternal Enjoyment 0.724 17.35%

Mum and child play with toys 0.769 15.55% Maternal Confidence 0.555 10.20%
Mum talks to child while working 0.885 20.17%

No of books child owns 0.733 14.33% t = 5

Mum tries to teach child 0.546 7.79% Mum makes things with child 1.000 37.84%
Maternal bonding 0.715 13.25% Mum plays with toys with child 1.121 44.26%

t = 3 Mum draws or paints with child 1.092 42.23%
Mum plays games with child 1.000 27.78% Taken to library 0.401 5.60%

Mum plays with toys with child 0.902 24.82% Taken to interesting places 0.425 6.37%

Taken to interesting places 0.542 10.95% Mum reads to the child 0.805 22.77%
Taken to library 0.413 6.20% Mum talks to child while working 0.715 17.82%

Mum talks to child while working 0.669 17.95%

Mum reads to the child 1.007 40.44%
Mom teaches child 0.860 31.46%

No of stimulating toys 0.715 16.15%

Maternal experience 0.628 11.88%

Table B6: Preventive Health Investment: loadings and signal

Measurement α sθ Measurement α sθ

t = 1 t = 3

Difficulties feeding 1.000 21.64% Child been choosy with food 1.000 63.21%

Breastfeeding duration 0.429 3.98% Child refuses the right food 0.970 59.45%
Child refuses milk 0.229 1.13% Child has eating routine 0.559 19.77%

Baby fed on regular schedule 0.861 16.03% t = 4
Child been choosy with food 1.000 67.70%

t = 2 Child refuses the right food 0.944 60.27%
Child being choosy with food 1.000 51.73% Child has eating routine 0.566 21.67%
Child refuses food 1.103 62.91% t = 5

Child has eating routine 0.786 31.92% Child been choosy with food 1.000 69.51%

Difficulties feeding 0.955 47.14% Child refuses the right food 1.040 75.23%
Child has eating routine 0.643 28.70%
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Table B7: Curative Health Investment: loadings and signal

Measurement α sθ Measurement α sθ

t = 1 t = 4

Ever called out doctor for baby 1.000 21.78% Doctor has seen child at surgery 1.000 44.33%

No. of medications since at home 0.512 5.74% Doctor called to home 0.637 17.75%
t = 2 Child had cough medicine 0.236 2.49%

Visits to doctor 1.000 34.74% Child had antibiotics 0.725 22.93%

Doctor visits to home 0.936 29.66% Child had diarrhea medicine 0.211 1.95%
Child had cough medicine 0.387 5.10%

Child had antibiotics 0.812 22.75% t = 5

Child had diarrhea medicine 0.472 7.60% Doctor has seen child at surgery 1.000 47.01%
t = 3 Doctor called to home 0.491 11.05%

Doctor has seen child at surgery 1.000 37.83% Child had cough medicine 0.225 2.34%

Doctor called to home 0.789 24.79% Child had antibiotics 0.763 26.75%
No. of doctor visits to home 0.752 22.61% Child had diarrhea medicine 0.166 1.25%

Child had cough medicine 0.232 2.23%
Child had antibiotics 0.677 18.26%

Child had diarrhea medicine 0.208 1.75%

Table B8: Mother Socio-emotional Factor: loadings and signal

Measurement α sθ

Interpersonal awareness 1.000 77.15%
Need for approval 0.559 24.54%
Separation anxiety 0.896 62.10%
Timidity 0.738 42.19%
Fragile inner-self 0.850 55.84%

Table B9: Mother Health Factor: loadings and signal

Measurement α sθ

Health up to present pregnancy 1.000 99.90%
Health History 0.190 3.62%
Recent health problem 0.189 3.54%
Problems requiring regular treatment 0.151 2.20%

Table B10: Initial Condition θ0: loadings and signal

Measurement α sθ

Birth weight 1.000 90.89%
Head circ. 0.691 49.67%
Crown-heel length 0.747 53.24%
Placental weight 0.678 40.12%
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Mk,l
t we are assuming that αk

′,l
t = 0 for all k′ 6= k. Although quite stringent, this

assumption facilitates the interpretation of the latent traits that we are extracting
from the system: each factor represents only the variation that is common to its
dedicated measurements, and those measurements alone.

However, identification requires much less stringent assumptions on the matrix Λ,
therefore we can test the validity of our restrictions. A first test can be performed
by running multiple times the factor analysis, each time adding to the measurement
system of factor θkt one of the measures dedicated to the other factors θk

′
t , for k′ 6= k.

For example, when estimating the cognitive factor at time t, we add one-by-one all
of the measures that are associated to the socio-emotional, health and investment
factors at time t.

Collecting all of the estimated factor loadings αk
′
t and the associated commonalities

st,k
′,l

θ = 1 − st,k
′,l

ε , we see some patterns emerging51: first of all, the great majority
of the factor loadings are very low, with an average of 0.19 and a median of 0.10,

and the noise-to-signal ratio is very high, with an average uniqueness st,k
′,l

ε of 97.8%
and a median of 99.6%. It is easy to notice that the distribution of the estimated
coefficients is quite skewed, and indeed most of the measurements associated to any
other factor k′ would not have been included in the measurement of factor k when
following the procedure of measurement selection described in appendix B.B1.

However this is not the true for some particular cases: notably the measures related
to parental investment θPIt usually display a mild loading on the cognitive and, to a
lesser extent, the socio-emotional factor, especially after period 2. The same is true
for the measures of curative health care, which display high (negative) loadings on
the health factor, and vice-versa. This should not come as a surprise, since mothers
take their children to the doctor when they are sick and investment has a positive
effect on skills, but both skills and investment are persistent over time: this feature
of the data is already embedded in our model and is reflected in the estimated
contemporaneous covariance between the factors as well as their relation over time
via the technology. Furthermore, we want to make a clear distinction between
parental choices, which are reflected in the investment factors, and characteristics
of the children, which are captured by the skills factors. Therefore we believe that
imposing a zero loading across the investment and the skills factors is an important
feature of our analysis.

Focusing only on the cross-loadings within skills (cognitive, socio-emotional and
health) and within investment (parental investment, preventive health care and cu-
rative health care), we find that the assumptions of dedicated measurement is rea-
sonable. The average loadings αk

′
t for k′ 6= k is 0.12 and the median is 0.08, while

the average uniqueness st,k
′,l

ε is 99.1% and the median 99.7%.

A second investigation about the soundness of the hypothesis of dedicated mea-
surement is to run a regression of each measure on all the factor scores - extracted
using the current measurement system - in order to evaluate the correlation between
each latent variable and the measurement:

(B2) Mk,l
t = κ+βC,lt θCt +βSE,lt θSEt +βH,lt θHt +βPI,lt θPIt +βPH,lt θPHt +βCH,lt θCHt +εk,lt

When performing the regression shows in equation (B2), we find a patter of results

51The 960× 2 estimated parameters are not reported here for brevity. All are available from the author
upon request.
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very similar to the ones associated to the previous test. The average coefficient βk
′,l
t

associated to a measure that has been dedicated to another factor (k′ 6= k) is 0.060
and the median is 0.036. When focusing only on the cross loadings within skills and

within investment, the average βk
′,l
t for k′ 6= k is 0.049 and the median in 0.037.

C. Estimation Procedure

The estimation procedure used throughout the paper is MLE based on the as-
sumption of joint normality of error terms εt, ηt and latent factors θkt . Other less
efficient estimation procedures that we consider here below as robustness checks are
regression on factor scores and regression on indexes.

C1. Regression on Factor Scores

A simpler estimation technique would be to use the so-called “regression on factor
scores”. This is a three-step procedure which can be considered more intuitive. In
the first step, a factor model is separately estimated for each latent trait in each
time period; then factor scores are separately predicted for each variable; finally, the
third step consists in a ordinary least square analysis performed among the factor
scores.

Although such multi-stage procedure is much more straightforward to estimate,
the asymptotic and finite sample performance of such estimator are not known and
could be potentially very poor. In a simple static model, Skrondal and Laake (2001)
demonstrate that the conventional approach to factor score regression performs very
badly; although they propose a “revised” approach, this revision is not suited for a
dynamic model.

Nevertheless, we provide estimates using this procedure for comparison. Table
(C1) show some differences in the point estimation of the structural parameters, and
a substantial unreliability of the standard errors estimated using bootstrapping. The
difference is more pronounced in the estimation of the effect of curative health care
(parameters deltak3): this can be due to the fact that the multi-step procedure does
not fully account for the dynamic structure of the model, or for the joint correlation
between the latent traits.

D. Omitting the Health Factor

If we do not control for current health, but we still include the potential effect of
health investment on the evolution of cognitive and non cognitive skills, we obtain
the estimates presented in table (D1). We can see that indeed there is a sharp
distinction between curative health care and preventive care: while the latter still
has a positive effect on both cognitive and socio-emotional development of the child,
the former seems to be detrimental to both once we fail to take into consideration
the effect of current health.
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Table C1: Estimating the Technology of Skill Formation Using Regression of Factor Scores

(1) (2) (3)
Cognitive Socio-emotional Health

Skills θCt+1 Skills θSEt+1 θHt+1

Cognitive γ1 0.685 0.022 0.002
Factor θCt (0.006) (0.003) (0.002)

Socio-emotional γ2 0.032 0.580 0.012
Factor θSEt (0.004) (0.005) (0.002)

Health γ3 0.018 0.104 0.808
Factor θHt (0.007) (0.007) (0.004)

Parenting δ1 0.096 0.085 0.005
Investment θPIt (0.006) (0.005) (0.002)

Preventive δ2 0.003 0.050 0.016
Care θPHt (0.005) (0.003) (0.002)

Curative δ3 0.005 0.002 -0.134
Care θCHt (0.007) (0.006) (0.004)

Mother β1 0.027 0.004 -0.011
Education θCP (0.002) (0.002) (0.001)

Mother β2 0.009 0.029 0.000
Socio-emotional θSEP (0.003) (0.003) (0.001)

Mother β3 -0.015 0.108 0.096

Health θHP (0.010) (0.009) (0.007)

Bootstrapped Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using

linear factor model. Controls X: constant, age of the child at the assessment date in months, gender

dummy, parity. See tables (1− 4) for the measurements used.
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Table D1: Technology of Cognitive and Socio-emotional Skill Formation with the Investment in Health

(1) (2)

Cognitive Socio-emotional

Skills θCt+1 Skills θSEt+1

Cognitive γ1 0.634 0.010
Factor θCt (0.002) (0.005)

Socio-emotional γ2 0.038 0.478
Factor θSEt (0.004) (0.005)

Parenting δ1 0.135 0.140
Investment θPIt (0.007) (0.009)

Preventive δ2 0.017 0.092
Care θPHt (0.005) (0.006)

Curative δ3 -0.051 -0.112
Care θCHt (0.007) (0.008)

Mother β1 0.055 -0.012
Education θCP (0.002) (0.003)

Mother β2 0.009 0.074
Socio-emotional θSEP (0.004) (0.004)

Mother β3 0.003 0.036

Health θHP (0.003) (0.004)

Standard errors in parentheses; ALSPAC children aged 0-5; Latent variables estimated using linear factor

model. Controls X: constant, age of the child at the assessment date in months, gender dummy, parity.

See tables (1− 4) for definition of factors
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