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Summary

This paper investigates the role of early life adversity and home resources in terms of compe-
tence formation and school achievement based on data from an epidemiological cohort study
following 364 children from birth to adolescence. Results indicate that organic and psycho-
social risks present in early life as well as the socio-emotional home environment are significant
predictors for the formation of competencies. Competencies acquired at preschool age predict
achievement at school age. A counterfactual analysis is performed to assess trade-offs in the
timing of interventions in the early life cycle.
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1 Introduction

Competencies are formed in a dynamic and cumulative process between adult caregivers
and children through a series of development transitions. There is a burgeoning econom-
ic literature using psychological data from infancy to understand the role of the initial
risk matrix and early home environment for later development (Blomeyer et al. 2009;
Cunha et al. 2010; Currie 2011; Heckman 2007; Pfeiffer/Reuß 2008; Spieß 2011; among
others).

We contribute to this multidisciplinary research by employing unique data from a devel-
opmental psychological approach, the Mannheim Study of Children at Risk, abbr.
MARS (derived from the German title of the study: „Mannheimer Risikokinder Studie‘‘).
MARS is an epidemiological cohort study that follows a carefully selected group of
children from birth to adulthood. Children at risk are oversampled in the data. This
is an advantage for our purpose since the total sample covers the full range of early
life adversity stemming from the initial risk matrix, be it organic or psychosocial in nat-
ure (see Blomeyer et al. 2009; Coneus et al. 2012; Laucht et al. 2004). In addition, the
data contain a unique set of psychological expert ratings on stage-specific competencies
and the home environment in significant stages of development.1 This peerless data
feature improves the chance to uncover the key role of early interaction for human
capital formation.

The contribution to the literature is an initial assessment of trade-offs in the timing of
interventions at different development stages to foster social achievement.We extend our
previous work in three further directions. First, the socio-emotional home environment
is measured with the wide-spread original Home Observatory for Measurement of the
Environment (HOME) (Caldwell/Bradley 1984) for the first time. The findings are com-
pared with our previous study, Blomeyer et al. (2009), where a modified version of the
HOMEwas utilized, enriched with information on mother-child interaction during early
childhood. Second, we investigate the role of basic preschool competencies for further
social outcomes such as interests and peer relationships. Third, we elaborate on gender
differences in competence formation.

Our results demonstrate that interpersonal differences in competencies are consistently
associated with early life adversity and the socio-emotional home environment, with the
relationship being specific to age and competencies. Children are exposed to a matrix of
organic and psychosocial risks, and each factor by itself contributes to their development
as well as the sum of all factors. We conclude that advantages from beneficial socio-emo-
tional environments and disadvantages from adverse environments cumulate during the
developmental course. Thus, disadvantages in early childhood that impair development
persist and affect competence formation further during later childhood. There is evi-
dence for synergies and dynamic complementarities in the formation of competencies
and social outcomes. The counterfactual policy analysis suggests that socio-emotional
and economic support for disadvantaged children needs to be extended continuously and
stage-specifically.

The usage of the original instead of the modified HOME does not change these conclu-
sions. The association between the home environment and the competencies remains
significant although the estimated coefficients are slightly lower when the original

1 Infancy, toddlerhood, preschool age, elementary school age, secondary school age.
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HOME is utilized. Gender seems to play no or only a moderate role in competence for-
mation over the early life cycle.

Our work is related to Cunha et al. (2010), who use a sample of 2,207 first-born white
children from the Children of the National Longitudinal Survey of Youth (CNLSY).
They estimate the „technology of skill formation‘‘ for two developmental stages (0 to
5 or 6, 5 or 6 to 13 or 14 years) and two competencies (cognitive, non-cognitive). Factor
models are employed to deal with the issue of measurement error in inputs and outputs,
which seem to be a serious problem in their data. In our study, we rely on the develop-
mental psychological approach and the epidemiological expert ratings and compare two
measures of the home environment. Although Cunha et al. (2010) consider only two
developmental stages and the methodology and the data differ, our results seem to be
more similar than diverse compared to their findings. Future research is needed to
examine the issues related to the methods of measuring competencies and the home
environment in different data in further detail.

Our results with respect to early life adversity contribute to recent findings on long-term
outcomes of inequality at birth (see Currie 2011), often measured with birth weight
(Black et al. 2007; among others). According to our analysis, neonatal complications,
adverse psychosocial conditions like maternal discord, low-skilled parents, overcrowd-
ing and other factors from the initial risk matrix (introduced in the next section) may
impair development of human capital in addition to birth weight.

The paper is organized as follows. Section 2 introduces the epidemiological cohort study
and the measurement of competencies and the home environment. Section 3 discusses the
estimates of the stage specific technology of competence formation. In Section 4, com-
plementarities between basic competencies in childhood and social and academic
achievement at school age are analyzed. Section 5 assesses alternative intervention
policies during the early life course, and Section 6 concludes.

2 The Mannheim study of children at risk

The MARS project follows a cohort of infants to examine the impact of initial adverse
conditions on the prevalence of later developmental disorders and negative social out-
comes (Laucht et al. 1997, 2004).2 Infants were recruited from two obstetric and six
children’s hospitals in the Rhine-Neckar region of Germany. Children with severe phys-
ical handicaps, obvious genetic defects or metabolic diseases were excluded. The initial
participation rate was 64.5 percent, with a slightly lower rate in families from low socio-

2 We do not investigate developmental disorders in the current study. Laucht et al. (2002, 2004) de-
monstrated that the negative impact of early life adversity persisted into late childhood. Rates of
developmental and behavioral disorders in high-risk children were up to three times higher than in
non-risk children. Both organic and psychosocial risks contributed to adverse outcomes. While or-
ganic complications were related to disorders in motor and cognitive development, the detrimental
effects of psychosocial adversity pertained to disorders in social-emotional functioning. The cumu-
lative effect of early adversities was best explained by summing up the single risk effects. The SOEP
mother-child questionnaires provide an additional data set that follows children from birth to ado-
lescence (see Berger et al. 2011; Spieß 2011). As a rule, children’s competencies in these data are
based on maternal assessments, not on expert ratings, with one recent exception summarized in
Bartling et al. (2010) (see also Kosse/Pfeiffer 2012). Based on experimental measures it is demon-
strated that there is a positive association between mothers’ and children’s impatience.
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economic backgrounds. To control for confounding effects related to home resources
and the infant’s medical status, only first-born children with singleton births to Ger-
man-speaking parents of predominantly (4 99.0 percent) European descent, born
between February 1986 and February 1988, were enrolled.

The first 110 children were included consecutively into the study, irrespective of risk-
group status. These children form our approximate normative sample. To separate
the independent and combined effects of organic and psychosocial risks on child devel-
opment, infants were rated according to the degree of „organic‘‘ risk and the degree of
„psychosocial‘‘ risk. After the exclusion of 18 children with severe handicap 364 children
(174 boys, 190 girls) that is 95 percent of the infants in the initial wave, remained for the
analysis. In the current paper, only the first five research waves are used (see Figure 1)
because the measurement of basic cognitive and motor competencies was conducted in
these waves only. These basic competencies seem to consolidate around the age of ten
years.

Psychometric assessments were conducted for the initial organic and psychosocial risk
matrix. Each risk factor was scaled as either non risk, moderate risk or high risk, result-
ing in a 3x3 design (Figure 1). All groups are roughly equal in size, with a slight over-
sampling in the high-risk combinations. Sex is distributed evenly in all subgroups.

Organic risk is determined by the degree of pre-, peri- or neonatal complications. The
risk factors and their prevalence in the sample are shown in Table A1. Pre- and perinatal
variables were extracted from maternal obstetric and infant neonatal records and are
used for organic risk classification. Organic risk is classified as follows:
1. The non-risk group consists of infants who were born full-term, had normal birth

weight and no medical complications (items 1 – 4).
2. The moderate-risk group contains infants who had experienced premature births or

premature labor, or pre-eclampsia of the mother but no severe complications (items
5 – 7).

3. The high-risk group comprises infants who had very low birth weight or a clear case
of asphyxia with special care treatment or neonatal complications, such as seizures,
respiratory therapy or sepsis (items 8 – 10).

Source: Laucht et al. (2004)

Figure 1 The matrix design of the Mannheim study of children at risk
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Psychosocial risk is determined according to a risk index proposed by Rutter and Quin-
ton (1977), which measures the presence of unfavorable family characteristics, for
example marital discord or low-skilled parents. The „enriched‘‘ family adversity index
includes eleven adverse family factors during a period of one year prior to birth, as
reported in Table A2. Information on the psychosocial risk rating was taken from a
standardized parent interview conducted at the research wave at infancy (three months
assessment). Psychosocial risk is classified as follows:
1. The non-risk group includes infants who had none of the psychosocial risks.
2. The moderate-risk group contains infants with one or two of these factors.
3. The infants from the high-risk group came from a family dealing with 3 or more of

these risk factors.

Throughout this paper, the expression „competencies‘‘ summarizes basic abilities of chil-
dren, such as logical and verbal reasoning, or non-cognitive skills for instance persis-
tence. In MARS, comprehensive psychometric assessments were conducted for compe-
tencies during infancy (three-month assessment), toddlerhood (two-year assessment),
preschool age (assessment at four and a half years), elementary school age (assessment
at the age of eight years) and secondary school age (assessment at the age of eleven years),
representing significant stages of development.

The terms cognitive,motor, and non-cognitive competencies indicate three different, yet
dependent, basic dimensions of human capability and are measured using psychometric
methods (see Blomeyer et al. 2009). Cognitive competencies include memory capacity,
information processing speed, linguistic and logic skills, and general problem-solving
abilities (IQ). Motor competencies are assessed as fine and gross motor skills and
body coordination (MQ). Our indicator of non-cognitive competencies is defined as
persistence (P). It measures the ability to pursue a particular activity and its continuation
in the face of distractors and obstacles.

The expression „home environment‘‘ summarizes the economic, emotional, and social
resources available for the child at home. There are two types of home environment
variables used to assess the children’s family living conditions, summarized under
socio-emotional home environment, H (HOME score, Bradley 1989; Bradley et al.
2000; Caldwell/Bradley 1994), and one economic category, the monthly net income
per household member, Y (in real Euros, base year 1995). In comparison to our former
study (Blomeyer et al. 2009) the home environment indicates the original HOME scales
from Caldwell and Bradley (1984) without additional or enriched measures of mother-
child interaction. A comparison of econometric findings shall help to improve our under-
standing of home resources and children’s outcomes.

Both measures of a child’s home resources (H and Y) decline steadily along with the psy-
chosocial risk dimension (Table 1). Within the group of children with high psychosocial
risk, Y is on average 67 percent of the value of the non-risk group in infancy. The differ-
ences in the averageH in the risk matrix show a similar pattern. For the group of children
with high psychosocial risk, H is 87 percent of that of the non-risk group.

In fact, these are large gaps, given that parental stimulation and responsiveness in early
childhood are among the most significant resources available for the formation of
competencies (see Blomeyer et al. 2010; Heckman 2007; Heckhausen/Heckhausen
2008; Holodynski et al. 2008; and Berger et al. 2011; among others).

Early Life Adversity and Children’s Competence Development . 471



Table 1 H and Y in children aged three months and eleven years evaluated in the risk matrix
(means, standard deviations in parentheses)

Psychosocial risk
non-risk moderate high

H: HOME score
3 months 11 years 3 months 11 years 3 months 11 years

non-risk 106*
(11.11)

108*
(6.9)

102*
(11.4)

105*
(9.8)

93
(18.2)

91
(19.5)

moderate 105*
(10.5)

107*
(7.3)

101
(13.9)

99
(12.8)

91
(17.9)

93
(21.0)

high 108*
(8.3)

106*
(9.6)

102*
(10.3)

97
(10.4)

94
(18.4)

94
(17.4)

Y: monthly net income per head (euros)
3 months 11 years 3 months 11 years 3 months 11 years

non-risk 812*
(499)

835*
(335)

714*
(345)

801
(409)

568
(144)

651
(273)

moderate 826*
(418)

807*
(307)

594
(192)

700
(243)

499
(300)

617
(315)

high 756*
(259)

887*
(309)

614
(503)

650
(315)

542
(217)

665
(312)

MARS; compare Table A1 and A2. H is normalized to a mean = 100 and an SD = 15 in the normative group for
purposes of comparison; * indicates significance of mean differences relative to the high-risk group at the 5 percent
level. The number of observations in the nine cells of the risk matrix are (0,0: 43), (1,0: 42), (2,0: 36), (0,1: 45), (0,2:
32), , (1,1: 37), (2,1: 48), (1,2: 39), (2,2: 42); in total 364 observations.

4 A series of stage-specific competence production functions

Equation (1) organizes the evolution of the stage-specific development process of com-
petencies, in the spirit of the „technology of skill formation‘‘ (Cunha/Heckman 2007).
Competencies are formed by the home environment, by the competencies available from
the past period, the initial organic and psychosocial conditions at birth, including the
nine months in utero, and by a vector of other influences not specified in the model under
investigation.

Ht ¼ ft Ht;Ht�1;R;Et

� � ð1Þ

In our analysis Ht is a three-dimensional vector and includes cognitive, motor, and non-
cognitive competencies. There are five different stages of development: infancy, toddler-
hood, preschool age, elementary school age and secondary school age, termed t. Note
that the time lag between research waves is not constant (see Figure 1). It ranges from one
year and nine months (between research waves one and two) to three years (between
research waves four and five). In Equation (1) competencies at time t are influenced
directly only by family investments in t and not by the past investments. However,
investments from the past exert a powerful indirect influence on competencies, due
to the inclusion of past competencies in Equation (1).

R is a nine-dimensional vector consisting of the nine cells of the initial organic and psy-
chosocial risk matrix.Ht is a scalar (it is not specific to a competence) that represents the
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socio-emotional home environment measured at the research wave t, while Et is a ran-
dom error term, specific to each of the three competencies. The literature suggests that
the estimation of competence production functions depends on the available data (see
Cunha et al. 2010; Todd/Wolpin 2003). Our estimation approach is directly related to
the design of our epidemiological data. The data contain comprehensive sets of psycho-
metric measures and expert ratings of the variables that are included in the theoretical
model.

A further assumption on the functional form is needed for performing the econometric
analysis. We assume that Equation (1) can be represented by a Cobb-Douglas function.
Taking the natural logarithm of all variables (lower case letters indicate the natural loga-
rithm), a set of three equations (2) for each research wave emerges:

hjt;i ¼ aj0;t � rþ ah;jt � ht;i þ ajt � hjt�1;i þ ak;jt � hkt�1;i þ al;jt � hlt�1;i þ ejt;i ð2Þ

where j, k, l are indices for the competencies IQ,MQ and P. i = 1,…, N is an index for the
child. r summarizes the nine cells of the two-dimensional risk matrix in MARS (in the
form of dummy variables). According to Equation (2) competencies can be produced
continuously by the home environment and the stock of competencies available from
the past period. The relative contributions of ht and ht-1 in t will depend on the values
of at, the partial elasticity of the Cobb-Douglas function. While belonging to a risk group
may have lasting effects on the level of competencies, the functional form allows that the
competencies remain malleable in each period.

The Cobb-Douglas representation of competence formation has advantages and disad-
vantages. The main (and decisive) advantage arises from its flexibility and the low num-
ber of parameters to assess the role of home resources, self-productivity, and synergies in
competence formation using a small data set. The main disadvantage is the assumption
that the elasticity of substitution between past competencies and current home environ-
ment is one (in Cunha et al. 2010, the estimated elasticity is sometimes lower, sometimes
higher than one).

A direct assessment of critical periods is not possible, only an indirect one. The estimates
are performed in each wave and the data define whether the parameters of interest are
significant, allowing indirectly investigating critical periods. For instance, if the partial
elasticity between the home environment and the IQ is different from zero in childhood
(the first three research waves) but not different from zero in the last two research waves,
then one may conclude that the childhood period is a critical period for the development
of the IQ.

Our preferred estimates of the three competence equations are shown in Table 2. The
method employed is seemingly unrelated regression (SUR) instead of OLS, to improve on
efficiency. A significance level of five percent is chosen throughout the study. Each equa-
tion contains the set of dummies from the initial risk matrix, r, although not reported in
Table 2. In the equations for cognitive and non-cognitive competencies, most indicators
from the initial risk matrix lose their significance beginning at age four and a half. This
does not mean that initial risk conditions no longer exert an influence on competence
levels. Its continuing importance is, technically spoken, captured by the lagged compe-
tencies since the initial risk matrix significantly influences competencies in the first
developmental stages.

A referee recommended reporting the correlations of residuals. The five values for each
of the three possible correlations are calculated from the residuals from equation (2),

Early Life Adversity and Children’s Competence Development . 473



called: IQ-MQ, IQ-P, MQ-P. For IQ-MQ we find 0.42, 0.53, 0.16, 0.19, 0.30, for IQ-P
0.33, 0.40, 0.08, 0.26, 0.05 and forMQ-P 0.11, 0.19, 0.18, 0.09, -0.04. The correlation
of unmeasured factors between the IQ and the MQ and the IQ and P seem to be rela-
tively high, whereas the correlation between the MQ and P seems to be relatively low.

The parameter estimates in Table 2 indicate that H is positively related to cognitive and
non-cognitive competence formation at all developmental stages. However, the role of

Table 2 Econometric findings for the formation of IQ, MQ and P
(standard errors in parentheses)

IQt MQt Pt

t = 3 months

Ht 0.27* (0.07) 0.05 (0.06) 0.04 (0.07)
Boys – 0.02 (0.02) – 0.04* (0.01) 0.01 (0.02)

Adj. R2 0.12 0.15 0.03

t = 2 years

Ht 0.33* (0.06) 0.07 (0.07) 0.35* (0.10)
IQt-1 0.21* (0.05) 0.06 (0.07) 0.08 (0.07)
MQt-1 0.06 (0.07) 0.31* (0.07) 0.10 (0.08)
Pt-1 0.14* (0.05) 0.16* (0.06) – 0.06 (0.06)
Boys – 0.06* (0.02) – 0.01 (0.02) 0.06* (0.02)

Adj. R2 0.34 0.26 0.16

t = 4.5 years

Ht 0.30* (0.04) 0.06 (0.07) 0.22* (0.09)
IQt-1 0.52* (0.05) 0.23* (0.06) 0.57* (0.10)
MQt-1 0.10* (0.04) 0.72* (0.06) – 0.06 (0.08)
Pt-1 0.01 (0.03) 0.10* (0.04) 0.16* (0.06)
Boys 0.00 (0.01) – 0.03* (0.02) – 0.07* (0.02)

Adj. R2 0.61 0.58 0.36

t = 8 years

Ht 0.01 (0.05) 0.06 (0.05) 0.11 (0.08)
IQt-1 0.81* (0.06) 0.00 (0.06) 0.28* (0.09)
MQt-1 0.22* (0.04) 0.43* (0.04) 0.18* (0.06)
Pt-1 0.11* (0.04) 0.01 (0.03) 0.27* (0.05)
Boys 0.06* (0.03) 0.01 (0.01) 0.00 (0.02)

Adj. R2 0.65 0.40 0.37

t = 11 years

Ht – 0.01 (0.05) – 0.00 (0.05) 0.19* (0.06)
IQt-1 0.89* (0.04) 0.31* (0.05) 0.19* (0.06)
MQt-1 0.13* (0.05) 0.66* (0.05) – 0.05 (0.06)
Pt-1 0.10* (0.04) 0.04 (0.04) 0.27* (0.05)
Boys 0.02 (0.01) 0.08* (0.02) – 0.04* (0.02)

Adj. R2 0.72 0.54 0.35

MARS; SUR regressions; 364 observations; all variables in natural logarithm;* indicates significance at the 5 percent
level; all equations include a set of indicator variables from the initial risk matrix, not shown in the table.
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socio-emotional home resources and the level of competencies from the past period for
competency formation changes in a way specific to age and competencies. The IQ is
positively related to H until the age of four and a half years, with an estimated partial
elasticity varying between 0.27 in infancy and 0.33 in toddlerhood. At school age, the
elasticity drops to 0.01 and is no longer significant.

P is positively associated with H at the stages of two, four and a half, and eleven years.
The partial elasticity reaches its highest value at the age of two years and is still signifi-
cant at the age of eleven. Although the partial elasticity between H and MQ is positive
(with the exception of stage eleven years), it always lacks statistical significance. There
appears to be a high degree of stability in interpersonal differences in theMQ during the
early life course. Motor abilities strongly depend on early organic and psychosocial con-
ditions (see Blomeyer et al. 2009) and only weakly on H during childhood.

During development, the socio-emotional home environment loses its strong relation-
ship with competencies and self- and cross-productivity increases (measured by the par-
tial elasticity of the past competencies). According to the estimates, only persistence is
associated with the socio-emotional home environment in adolescence. Although Cunha
et al. (2010) estimate a model with two broader developmental stages and do not include
the MQ some of their results are comparable with ours. For instance, self-productivity
for cognitive competencies amounts to 0.487 in their first and 0.902 in their second
developmental stage (ditto p. 908, Table 1); according to our estimates, these values
are 0.52 at preschool age and 0.89 at secondary school age (Table 2), which is nearly
identical.

Differences in competence formation between boys and girls seem to exist. However, the
estimated differences are stage-specific, and the positive and negative coefficients
roughly add to zero over time. In the IQ equation, the coefficient for Boys is -0.06
at the age of two years, suggesting that boys lag 6 percent behind girls at that age.
At school age, the coefficient for Boys changes significantly and is 0.06, suggesting
that boys are ahead of girls by 6 percent. Gender-specific differences in competence de-
velopment, therefore, seem to be of only moderate importance over the early life course.

Compared to our previous study, Blomeyer et al. (2009), the estimated coefficients of the
partial elasticity of H for competencies are moderately lower in magnitude. Our main
conclusions do not change. These differences refer to the lack of scales showing mother-
child-interaction (authenticity, acceptance and reactivity in the parental behaviour
towards the child) and language development in the original HOME, a result that
demonstrates the significant role of early mother-child interaction for development.

The relationship between family environment and children’s competencies may be reci-
procal. Parental responsiveness may follow complex ways. For example, parents may try
to compensate for low competencies of their child through higher H in order to support
child development. Alternatively, parents may foster specifically the development of
their children with high competencies. If parents invest in such a way, then SUR estimates
of Equation (2) may be biased.

Blomeyer et al. (2009) performed two-stage least squares (2SLS) to address this endo-
geneity issue. The average household income per head during the first five research waves
was used as an instrument. They find higher values for the estimated coefficients com-
pared to OLS especially in childhood, although standard errors increased. For instance,
the elasticity of H with respect to the IQ was 2.36 (2SLS), compared to 0.55 (OLS), at
three month, 1.52 (2SLS), compared to 0.38 (OLS) at two years and 0.53 (2SLS), com-
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pared to 0.38 (OLS) at 4.5 years. In later periods estimates are no longer significant.
Given that the average household income per head is a valid instrument OLS estimates
are biased downward. From our interpretation, OLS (or SUR) estimates therefore con-
stitute a lower bound for the parameters of interest. We will perform the policy analysis
in section 5 mainly on the basis of the OLS (or SUR) estimates in order to compare the
differences between the originalH and the modifiedH andmention in addition also some
results from the 2SLS estimates.

4 Preschool competencies as predictors of social outcomes at school age

This section contributes to the empirical literature on dynamic complementarities during
the early life course. The association between cognitive, motor and non-cognitive com-
petencies at preschool age and popularity among peers, peer relations, the variety of
actively followed interests, interests and math grades is investigated.

Before we turn our attention to the estimates, we briefly summarize findings from the
initial risk matrix. Initial risk effects cumulate and all social adjustment scores decrease
with both dimensions of the risk matrix. The difference between the non-risk and the
high-risk groups amounts to roughly 25 percent. Math grades in the highest-risk group
are approximately one grade lower than grades in the non-risk group. A high psycho-
social risk is associated with the largest negative group effect. However, one exception is
worth mentioning. If there is no psychosocial risk, organic risks seem to lose their asso-
ciation with regard to interests and peers. The pursuit of interests and popularity with
peers is more affected by the initial psychosocial risk load and less by organic risks.

Table 3 reports findings from SUR estimates. On the right hand side, home resources,H,
and the level of IQ, MQ and P (measured at preschool age) are included. The estimates
can be interpreted in terms of partial elasticity, since the (natural) logarithmwas used for
all variables in Table 3. Results demonstrate substantial complementarities between
competencies acquired during childhood and social outcomes a child achieves at elemen-
tary school age. Cognitive and non-cognitive competencies at preschool age predict
interests at primary school age, and motor and non-cognitive abilities predict peer
relations. Contemporary H enhances popularity among peers (peer relations) and the
variety of actively followed interests (interests). Thus, children from adverse home
environments seem to suffer twofold, due to poor investments in their competencies
during childhood and again due to insufficient support during school age.

The IQ and P measured at preschool age are significantly related to better grades in
math, while the MQ is not. Besides the IQ, P is an important predictor of achievement
in school, which is in line with Duckworth and Seligman (2005), among others. It is
worth mentioning that accruing to these estimatesH is not related to the grades received
at age eight.

School choice in the German tracking system, as a rule, takes place after fourth grade, at
the age of ten. On average, 45 per cent of the children in the MARS attend a Gymnasium
at the age of 15, which is the highest-track/grammar school in Germany. In our data,
more children attend the higher-track secondary school compared to the average in Ba-
den-Wuerttemberg. The main reason is that only first-born children of German-speaking
parents are enrolled in MARS, meaning that children from immigrant families with poor
German language skills and later born children were not included in this sample. In terms
of selection to attend a grammar school, the initial risks are still important. Among the
highest-risk group, only 15 percent of the children attend theGymnasium, compared to
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74 percent in the non-risk group. Average Gymnasium attendance decreases (nearly)
monotonically along the two dimensions of our risk design.

Findings from probit models predictingGymnasium are summarized in Table 4. All pro-
bit estimates for attending theGymnasium include a gender dummy, the home resources
H and Y and the cognitive, motor and non-cognitive competencies. These are measured
at primary school age (eight years), two years before tracking takes place. In the second
specification, all indicators from the initial risk matrix are included in the estimates. IQ,
MQ and P at primary school age are significantly related to the probability of attending
the Gymnasium. The magnitude of P is lower compared to the IQ and higher compared
to the MQ. If all indicators of the initial risk matrix are included, results for the other
variables do not change much. Being in the highest risk group significantly lowers the
probability of attending the Gymnasium (not displayed in the Table).

A numerical examination illustrates the importance of the stock of competencies and
home resources for higher secondary school track (all values are taken from the estimates

Table 3 The partial elasticity of H and preschool competencies
for social outcomes at school age (eight years assessment)

interests peer relations math grades

Ht 0.55* 0.31* – 0.08
IQt-1 0.45* 0.02 – 0.75*
MQt-1 0.08* 0.15* – 0.08
Pt-1 0.13* 0.19* – 0.31*
Boy – 0.02 – 0.02 – 0.11*
Adj. R2 0.58 0.28 0.20
N 325 325 325

MARS sample; SUR regressions; all variables in natural logarithm; social com-
petence scores from expert ratings range from 1.0 (low), 1.1, … to 7.0 (high);
grades in Germany range from 1 excellent to 6 insufficient; each equation
contains indicator variables for the full initial risk matrix not displayed in
the table; correlation of residuals: (interests-peer relationship 0.25; inter-
ests-math grades – 0.14; peer relationshipmath grades – 0.09). * significance
at the 5 percent level.

Table 4 Elasticity for attending the Gymnasium at the age of 15,
(standard errors in parentheses)

indicators of initial risk
matrix are included a)

H8 years 1.04* (0.27) 0.98* (0.28)
Y8 years 0.18* (0.07) 0.18* (0.07)
IQ8 years 1.14* (0.21) 1.15* (0.22)
MQ8 years 0.46* (0.17) 0.40* (0.19)
P8 years 0.50* (0.15) 0.51* (0.16)
Boy – 0.00 (0.06) – 0.01 (0.06)

Pseudo R2 0.29 0.32
N 360 360

MARS sample; all variables in natural logarithm; a) this specification contains
all indicators of the initial risk matrix, although not reported here; * indicates
significance at the 5 percent level.
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with indicators of the initial risk matrix) in the sample of children at risk. If the IQ (P)
at age eight increases by 10 percent, average marginal probability of attending the
Gymnasium would increase by 11.5 (5.1) percent. If H (Y) at school age was 10 percent
higher, average marginal probability would increase by 9.8 (1.8) percent. We could not
find gender-specific differences for higher secondary school attendance.

Bright children from poor households have a lower chance of entering the highest-track
secondary school in the MARS data. Economic constraints (moderately) contribute to a
less successful transition to the Gymnasium. Furthermore, the analysis suggests that the
level of cognitive and non-cognitive competencies measured at the age of eight years is as
important as the home environment at that age.

5 Policies to foster competencies and higher track school attendance

In this section, initial evidence on interventions during the early life course is provided.
The stage-specific estimates are used for assessing competency formation with counter-
factual investments based on some preliminary thought experiments. Our intention is to
highlight basic trade-offs in the timing of optimal educational policy interventions based
on the MARS data, not to make statements on interventions for a representative popu-
lation of children in Mannheim or Germany.

Assume that the government has two objectives. First, it aims at improving competencies
at secondary school age (eleven years) and, second, at increasing the share of children
attending theGymnasium at the age of fifteen. The government either may help children
to overcome constraints resulting from poor socio-emotional home resources in (early)
childhood, or it may help the children later at school age through improved economic
and socio-emotional home resources, or both. Assume further that the government is
willing to raise Y by 10 percent at one or the first four developmental stages. For the
children in our sample, this would cost 66 Euros per household member per month
at the first research wave 1986/1987, and 73 Euros at the fifth research wave, 1997/
1998 (real Euros, base year 1995).

If we assume that there are three household members and that it is necessary to increase
the annual (not only the monthly) income, 2.376 Q would have been needed for each
household in the first research wave. The overall amount of money will depend on
the group of children selected. If ten percent of the 680 thousand (West-) German chil-
dren born in 1988 (Statistisches Bundesamt 2011) would have been selected (68,000
households) this would have cost 161 million Q, a manageable amount of money.

A 10-percent increase in Y has no direct implication for the formation of cognitive, mo-
tor, and non-cognitive competencies during childhood, but an indirect one. The child will
profit from an improved socio-emotional home environment, for instance from less
economic stress in the family. Parents who receive a cash transfer may have more
time to spend with their children and improve the socio-emotional home environment.
When a poor home environment has a negative impact on earnings capabilities, cash
transfers may help to overcome a vicious circle as well. For instance, research by
Amarante et al. (2011) indicates that cash transfers have the potential to improve birth
outcomes; Gelber and Isen (2012) show that public and family investments for children
are complementary in nature.

In the data, a 10-percent increase in Y is partially related with a one-to-two percent in-
crease inH. This empirical relationship results from regressions of H on Y using the log-
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values of Y and H, including a constant. Since we are not aware of other data to assess a
causal relationship between YandH (the reason is thatH is, as a rule, neither available in
official statistics nor in other survey data), in what follows the lower one-percent finding
is utilized for the following analysis.

We take all direct and indirect multiplier and accelerator effects from the stage-depen-
dent one-percent increase inH into account in the following way. In the first step, a one-
percent increase inH in a specific developmental stage is associated with improved com-
petencies (Table 2). In the second step, these higher competencies will induce further
effects in the following developmental stage through synergies in competence formation
(estimated elasticity of self- and cross-productivity, Table 2). The second step is repeated
for each of the remaining developmental stages.

Table 5 summarizes the results, without taking into account confidence intervals. Look-
ing at the columns, Table 5 documents the percentage point increases of a one-percent
increase in H at five developmental stages during the life course. Looking at the rows,
Table 5 documents the resulting effects at a specific developmental stage. There are two
values in each cell of Table 5. The first value was calculated employing the findings from
Table 2 while the second one (in parentheses) was calculated using the estimates from
Blomeyer et al. (2009).

According to our current findings, intervention during toddlerhood is associated with the
highest increase of all competencies at the age of eleven, followed by interventions during
preschool age, during infancy and during school age. For instance, a one-percent gain
in H during toddlerhood raises the IQ by 0.72 percent at primary school age and 0.93
percent at secondary school age, taking into account all multiplier and accelerator
effects.

According to our previous estimates (Table 2, second results), intervention during in-
fancy (three months) would result in the highest increase in IQ at the age of eleven, while
interventions during toddlerhood (two years) are associated with the highest increase in
P at the age of eleven. If instead our previous 2SLS results (Blomeyer et al. 2009) are
utilized the childhood skill multiplier is much higher. For instance a one percent increase
at three month (two years) increases the IQ until the age of eleven years by 3.26 (4.79),
which is three to four times higher compared to the OLS results.

These findings demonstrate the eminent role of improving home resources during child-
hood. The childhood multiplier unfolds in any dimension of outcome that is analyzed.
Further improvements in peer relationships, interests and especially school achievement
occur. If the government should decide to increase the cash transfer to 20 (30,...) percent
for specific groups, for instance for the children from the high risk group, one has to
multiply the resulting values for the childhood multiplier in Table 5 by two (three,
…). This is, technically spoken, a consequence of the logarithmic model specification.
General equilibrium effects are not taken into account.

According to data (from Table 5, first set of results), a one-percent increase in H in
toddlerhood would increase the probability of entering the Gymnasium by 1.32
(1.32) percent, taking into account the improved competencies at school age, multiplied
with the coefficients from the probit equation, see Table 4. This is termed policy one.
An alternative intervention strategy, policy two, would be to increase Y at later devel-
opmental stages. A 10-percent increase of Yat age eight would directly increase the prob-
ability of attending the Gymnasium by 1.8 percent. If H additionally increases by one
percent, the probability of attending the Gymnasium would rise by additional 0.98 per-

Early Life Adversity and Children’s Competence Development . 479



cent (Table 4). In sum, the probability of attending the Gymnasium would increase by
2.8 percent in policy two. If government aims at increasing the probability of attending
the Gymnasium by 2.8 percent with policy one, it would be necessary to raise Y in
toddlerhood by 26 percent.

Support in childhood (policy one) and at school age (policy two) should be both success-
ful in raising the probability of entering the Gymnasium. Supporting children at school
agemay help to overcome economic and socio-emotional constraints and could therefore
facilitate higher secondary school choice. However, we would expect the two policies to
differ in their success in improving competencies. Supporting children during childhood
might be more effective, particularly in fostering cognitive competencies. As a result of
dynamic complementarities in development, higher social and school competencies
would emerge.

An illustration of costs and returns may be helpful for understanding the economics of
alternative interventions. The cost per child for policy one stems from the 26 percent
increase in Y in toddlerhood. It is assumed that an annual increase is needed, which
would amount to 2,575.12 Q (base year 1995) for each household member (or
7,725.36 Q for a household with three members). For policy two 848.84 Q are required.
Thus policy one is more expensive (1,726.28 Q for each household member).

To assess the returns to higher competencies over the life cycle a sensitivity analysis was
performed, based on the idea that higher cognitive and non-cognitive competencies in-
crease labor market earnings (see Heineck/Anger 2010 for a recent study with German
data). Table 6 displays the resulting discounted life cycle gains (for either 30 or 40 years)

Table 5 The childhood competence multiplier: direct and indirect competence effects of a one
percent increase in H (in percent) (in parentheses: second set of results)

One percent increase in H at stage leads to an

increase at stage
(%)

3 months 2 years 4.5 years 8 years

3 months IQ 0.27 (0.55)
MQ 0.05 (0.15)
P 0.04 (0.28)

2 years IQ 0.34 (0.72) 0.33 (0.38)
MQ 0.09 (0.29) 0.07 (0.00)
P 0.06 (0.34) 0.35 (0.37)

4.5 years IQ) 0.37 (0.83) 0.51 (0.59) 0.30 (0.38)
MQ 0.13 (0.44) 0.23 (0.14) 0.06 (0.04)
P 0.10 (0.46) 0.59 (0.67) 0.22 (0.50)

8 years IQ 0.42 (0.96) 0.72 (0.82) 0.58 (0.74) 0.03 (0.19)
MQ 0.15 (0.50) 0.30 (0.19) 0.09 (0.06) 0.04 (0.12)
P 0.13 (0.55) 0.73 (0.84) 0.37 (0.76) 0.13 (0.43)

11 years IQ 0.47 (1.11) 0.93 (1.06) 0.84 (1.10) 0.04 (0.42)
MQ 0.17 (0.56) 0.42 (0.31) 0.20 (0.19) 0.11 (0.26)
P 0.14 (0.60) 0.79 (0.96) 0.44 (0.94) 0.12 (0.65)

Own calculations; all direct and indirect multiplier and accelerator effects are taken into account, see text; based on
SUR estimates of equation (2) (Table 2); second set of results in parentheses: childhood multiplier calculated from
Blomeyer et al. (2009, OLS Table 2).
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for an average worker in Germany, given that higher competencies (remember that only
policy one raises the IQ by 2.6 percent) increase annual earnings by 1, 2 or 3 percent.
Results suggest that policy one would create significant returns to investments in tod-
dlerhood, if the income gains exceed one percent. For instance, if a 2.4 percent IQ gain
increases annual income by two percent, the expected return (for 30 years) of policy one
will be 65 percent per child ((((12,757.62 Q - 7,725.36 Q)/7,725.36 Q)-1)*100).

A third policy derived from the present results may aim at increasing Yand H during the
early life cycle. For instance, IQ growth until the age of eight would amount to 1.7 per-
cent (0.42+0.72+.055+0.01 percent; or 2.17 percent - 0.96+0.82+0.74+0.19 - according
to our previous findings). Such an intervention would increase the probability of entering
Gymnasium by 5.7 (6.6) percent, through the boosting of competencies and resources at
school age. The third policy variant should be effective for improving equality of oppor-
tunity for children with low home resources during their early life cycle. Future research
should also investigate the costs and benefits of alternative policy interventions that take
into account teaching. Improving the quality of teaching in secondary schools may help
to improve intelligence as well (see Becker et al. 2012).

8 Conclusions

This paper contributes to the understanding of competence formation and the comple-
mentarities between children’s early and later achievement in the early life cycle. Using
unique data from an epidemiological cohort study, findings demonstrate that the initial
risk matrix and the home environment are strongly related to competencies during child-
hood and achievement in adolescence. Policy assessments based on the regression results
suggest that improving home resources during childhood should be an effective way for
fostering cognitive and non-cognitive competencies. Synergies in competence formation
boost social and school outcomes in adolescence as a positive side effect.

Although the evidence presented in this paper is conclusive, caveats remain and a number
of research questions emerge. Since the study does not cover the population, more re-
search is needed with more representative data. The policy analysis utilizes the empirical
relationship between income per head and the socio-emotional home environment in the
data, not necessarily a causal relationship. More research should be devoted to uncover
causality between income, parental investment and the initial risk matrix. Our measure
of the home environment summarizes more than a hundred single factors that should all
be relevant for development on their own. The complex patterns of interactions between
these factors need further examination to understand the various facets of the childhood
multiplier for human capital formation and equality of opportunity.

Table 6 Discounted lifetime earnings gains from a 1, 2, or 3 per-
cent increase in annual earnings

lifetime 1% 2% 3%

30 years 6,378.81 3 12,757.62 3 19,136.43 3

40 years 7,730.84 3 15,461.68 3 23,192.51 3

Source: Own calculations based on the average of real annual labor market
earning (27.264 Euro in 1997, base year 1995; taken from Gernandt/Pfeiffer
2007, Table A2) and a discount rate of 2 percent.
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Appendix

Table A1 Definition of organic risk

Items of the risk index Definition N

Non-risk group: all of the items #1 to 4
1 normal birth weight 2.500 – 4.200 g 118
2 normal gestational age 38 – 42 weeks 118
3 no signs of asphyxia pHa 4_ 7.2

lactic acidb 5_ 3.5 mmol/l
CTGa score 4_ 8

118

4 no surgical delivery except elective 118

Moderate-risk group: one or more of the items #5 to #7
5 pre-eclampsia edemab

proteinuriac

hypertoniad

53

6 premature birth 5_ 37 weeks 151
7 signs of risk of premature birth premature labor

tocolytic treatment
cerclagee

43

High-risk group: one or more of the items #8 to #10
8 very low birth weight 5_ 1.500 g 46
9 clear case of asphyxia pHa 5_ 7.1

lactic acida 4_ 8.00 mmol/l
CTGb score 5_ 4
treated neonatally for 4_ 7 days

38

10 neonatal complications seizures
respiratory therapy
sepsis

83

aThe pH value measures an acid or basic effect of a hydrous solution. For individuals, a low pH value and lactic
acid are indicators of low blood oxygen. A CTG (cardiotocograph) measures the child’s heartbeat during pregnancy
and labor, and through this, pathological values also indicate a lack of blood oxygen. bAn edema, also known as
hydropsy, is the increase of interstitial fluid in any organ during swelling. cProteinuria is an indicator of possible
severe damage to the metabolism or of kidney disease. dHypertonia is an indicator of a possible disease of the blood
vessel system. eCerclage is an operative sealing of the cervix to prevent premature birth.
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Table A2 Definition of psychosocial risk

Items of the risk index Definition N

1 Low educational level of
a parent

Parent without completed school education
or without skilled job training

74

2 Overcrowding More than 1.0 person per room or size of
housing 5 50 m2

34

3 Parental psychiatric disorder Moderate to severe axis I or II disorder
according to DSM-III-Ra criteria (interviewer
rating, kappa = .98)

76

4 History of parental broken
home or delinquency

Institutional care of a parent /more than
two changes of parental figures until the age
of 18 or history of parental delinquency

74

5 Marital discord Low quality of partnership in two out of
three areas (harmony, communication,
emotional warmth) (interviewer rating,
kappa = 1.00)

43

6 Early parenthood Age of a parent 5 18 years at child birth
or relationship between parents lasting less
than 6 months at time of conception

93

7 One-parent family At child birth 38
8 Unwanted pregnancy An abortion was seriously considered 57
9 Poor social integration and

support of parents
Lack of friends and lack of help in child care
(interviewer rating, kappa = .71)

14

10 Severe chronic difficulties Affecting a parent lasting more than one
year, such as unemployment, chronic disease
(interviewer rating, kappa = .93)

104

11 Lack of coping skills Inadequate coping with stressful events of
the past year e. g. denial of obvious problems,
withdrawal, resignation, overdramatization
(interviewer rating, kappa = .67)

146

aThe DSM-III-R is the Diagnostic and Statistical Manual of Mental Disorders, third edition, revised form.
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