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Abstract This study analyzes how parental investment responds to a low birth weight 

(LBW) outcome and finds important differences in investment responses by maternal 

education. High school dropouts reinforce a LBW outcome by providing less investment 

in the human capital of their LBW children relative to their normal birth weight children 

whereas higher-educated mothers compensate by investing more in their LBW children. 

In addition, an increase in the number of LBW siblings present in the home raises 

investment in a child, which is consistent with reinforcement, but this positive effect tends 

to be concentrated among high school dropouts. These results suggest that studies 

analyzing the effects of LBW on child outcomes that do not account for heterogeneity in 

investment responses to a LBW outcome by maternal education may overestimate effects 

of LBW on child outcomes for those born to low-educated mothers and underestimate 

such effects for those born to high-educated mothers. 
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1. Introduction 

 

There is strong evidence that the endowment of human capital at birth affects a child’s long-

run health, education, and labor market outcomes.
1
 A question of long-standing interest to 

economists is whether parents allocate resources among their children so as to reinforce or 

compensate for differences in their children’s endowments. If parents reinforce differences in 

child endowments by investing more in the human capital of their better-endowed children, as 

predicted by the theoretical model of Becker and Tomes (1976), then inequality resulting from 

differences in their children’s endowments will be accentuated. However, if parental preferences 

for equity outweigh the concern for efficiency, then parents will compensate for differences in 

child endowments in order to reduce inequality among their children (Behrman et al. 1982). 

There are numerous studies that estimate the effect of child endowments on parental 

investment.
2 

However, estimation of the average effect of child endowments on parental 

investment behavior may mask important heterogeneity across families, such as variation in the 

direction and magnitude of investment responses by a family’s socioeconomic status (SES). 

Parental investment responses to an adverse endowment shock may vary by a family’s SES 

because expectations for child quality, parenting knowledge and skills, and the availability of 

resources to respond to such an endowment shock may vary by SES. For example, parental 

education may affect (a) preferences for equity versus efficiency, (b) the productivity of 

investments in poorly endowed children, and (c) knowledge about potential ways to compensate 

for an adverse endowment shock, leading some parents to reinforce and others to compensate. 

And since poor families are more likely to face credit constraints, they may be unable to 

compensate for an adverse endowment shock even if they have strong preferences for equity 

among their children.  

A small but growing literature has examined whether there is heterogeneity in the impact of 

child endowments on parental investment by SES. Datar et al. (2010) found that, while on 

average early-life health and educational investments reinforce a low birth weight (LBW) 

outcome, they found no evidence of heterogeneity in investment behavior by income or 

education. In contrast, Hsin (2012) found that on average parents neither compensate nor 

reinforce a LBW outcome, but lower-educated mothers reinforce a LBW outcome by spending 

less total and developmental time with their LBW children relative to their NBW children while 

higher-educated mothers compensate for a LBW outcome by spending more time with their LBW 

children. A possible explanation for the divergent findings regarding heterogeneity in investment 

                                                 
1
 For example, LBW children have been shown to achieve poor health, cognitive and behavioral development, 

education, employment, and earnings outcomes relative to NBW children (Currie and Hyson 1999; Case et al. 2005; 

Black et al. 2007; Currie and Moretti 2007; Oreopoulos et al. 2008; Fletcher 2011; Datta Gupta et al. 2013; Chatterji 

et al. 2014a,b; Figlio et al. 2014; Cook and Fletcher 2015). 
2
 Most studies have found evidence that parents reinforce endowment differences among their children (Rosenzweig 

and Schultz 1982; Rosenzweig and Wolpin 1988; Behrman et al. 1994; Behrman and Rosenzweig 2004; Rosenzweig 

and Zhang 2009; Aizer and Cunha 2012; Datar et al. 2010; Frijters et al. 2013; Parman 2015). Several studies have 

found that parents compensate for differences in their children’s endowments (Griliches 1979; Behrman et al. 1982; 

Pitt et al. 1990; Ashenfelter and Rouse 1998; Ermisch and Francesconi 2000; Del Bono et al 2012; Bharadwaj et al. 

2014). And a few studies have found that parents neither compensate nor reinforce endowment differences (Royer 

2009; Almond and Currie 2011a; Lynch and Brooks 2013). See Almond and Mazumder (2013) for an excellent 

review of the literature. 
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behavior by SES is that, because human capital is multidimensional (Cunha and Heckman 2008; 

Cunha et al. 2010), parents may simultaneously reinforce and compensate for endowment 

differences along different dimensions of human capital and such multipronged within-family 

investment strategies may vary by SES.
3
  

I contribute to the literature by analyzing the impact of LBW—and heterogeneity in its 

impact by education and income—on parental investment measures that have been shown to 

affect both cognitive and noncognitive child development outcomes. Birth weight is easily 

observed by parents, has been shown to influence parental investment behavior and, while a 

child’s endowment may have multiple dimensions, features of the endowment other than birth 

weight are less easily observed by both parents and researchers. The Home Observation for 

Measurement of the Environment (HOME) assessment, which captures a wide variety of inputs 

that influence the quality of the home environment, is used as a measure of the time and goods 

investments provided by parents to promote two important dimensions of child human capital. 

The cognitive stimulation subscale measures investments that promote the cognitive development 

of children such as the frequency with which parents read stories to children and help children 

with numbers and the alphabet. The emotional support subscale measures behavior such as how 

parents discipline their children and the amount of affection directed towards children, which 

promotes the social and emotional development of children. Previous studies have found that 

HOME scores increase cognitive and noncognitive skills,
4
 both of which shape education and 

labor market trajectories.
5
 And the cognitive stimulation and emotional support HOME scores are 

particularly useful measures of investments in the human capital of LBW children, since these 

children have been shown to be at increased risk of developing cognitive deficits, as well as 

emotional and behavioral problems (McCarton 1998). 

Using data on children born to female respondents in the 1979 cohort of the National Survey 

of Longitudinal Youth and a within-family estimation approach to identify the effect of child 

endowments on parental investment, I find that on average mothers reinforce a LBW outcome 

and that there are important differences in investment behavior by maternal education and family 

income. The investment response to a LBW outcome is strongly compensatory in families with 

high-educated mothers and strongly reinforcing in families with low-educated mothers. Mothers 

                                                 
3
 Using data on siblings from rural Ethiopia, Ayalew (2005) found evidence that parents reinforce endowment 

differences with respect to educational investments, but compensate with respect to health investments. And using 

data on Chinese twins, Conti et al. (2015) found that the twin who experienced a negative early-life health shock 

receives more health investment later in life relative to her twin sibling who did not but receives less educational 

investment; they conclude that families behave so as to equalize investments across children who are differentially 

affected by early-life health shocks. 
4
 Recent studies find evidence that the quality of the home environment is important for the cognitive and 

noncognitive development of children (Blau 1999; Guo and Harris 2000; Brooks-Gunn et al. 2002; Aughinbaugh and 

Gittleman 2003; Todd and Wolpin 2007; Cunha and Heckman 2008; Cunha et al. 2010). For example, Todd and 

Wolpin (2007) find that 10-20% of the math and reading test score gaps between whites and nonwhites can be closed 

if home inputs (as measured by the overall HOME score) were equalized at the average level observed for white 

children. Blau (1999) estimates the elasticities of child development outcomes with respect to cognitive stimulation 

and emotional support to be in the 0.07-0.14 range, which are much larger than the estimated elasticities with respect 

to other inputs such as child care. 
5
 A growing body of work shows that both cognitive and noncognitive skills are important for socioeconomic success 

(Heckman et al. 2006; Carneiro et al. 2007). 
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who are high school dropouts reinforce a LBW outcome by providing about 12% of a standard 

deviation (SD) less emotional support to their LBW children relative to their NBW children, 

while mothers with 4 years of college or more compensate by providing about 16.5% of a SD 

more cognitive stimulation and 7.5% of a SD more emotional support to their LBW children. In 

addition, an increase in the number of LBW siblings has a positive effect on investment in a 

child, which is consistent with reinforcement, but the magnitude of the reinforcing investment 

response is much larger among low-educated mothers. The investment differences by family 

income are qualitatively similar to those by maternal education, but are generally smaller in 

magnitude. 

I make two important contributions to the literature. First, I show that the response of parental 

investment to a LBW outcome differs across families by maternal education and family income. 

If variation in a LBW outcome within disadvantaged families were inconsequential, then my 

findings would be of little interest. However, I find that, among high school dropouts, nearly one-

quarter of multiple-child families have at least one LBW and one NBW child. Differential 

investment responses to a LBW outcome may limit upward economic mobility for LBW children 

born to low-educated mothers, since they reinforce the adverse consequences of LBW. 

Second, my findings have important implications for research on the consequences of a LBW 

outcome. The well-known fetal origins hypothesis states that the intrauterine environment 

programs adult disease (Barker 1990) and there is a wealth of evidence that economic outcomes 

are also influenced by fetal and infant health (Almond and Currie 2011a,b). However, the 

observed association between infant health and child outcomes may capture the effects of both 

biological factors and parental investment responses to a child’s infant health outcome. The 

investment patterns by maternal education that I observe suggest that, for example, the biological 

effects of LBW emphasized by Barker (1990) may be mitigated by high-educated mothers and 

aggravated by low-educated mothers. 

The paper proceeds as follows. First, I describe the data used in the analysis. Second, I outline 

the empirical approach I employ. Third, I present and discuss the results. And finally, I conclude. 

 

2. Data 

 

The data used in this study come from the National Longitudinal Survey of Youth-Child and 

Young Adult (C-NLSY) file, which contains a rich array of information about the children born 

to female respondents of the National Longitudinal Survey of Youth 1979 (NLSY79). The 

NLSY79 began in 1979 with a sample of 12,686 individuals between the ages of 14 and 21.  

Detailed information about children born to women in the NLSY79 sample has been collected 

biennially since 1986 and I use data through 2012 in the analysis. Over this period, a total of 

11,512 children have been born to 4,932 women in the NLSY79 sample and over 75% (3,757) of 

these women have had two or more children. 

The C-NLSY data are well-suited for this study because they contain measures of both 

parental investments and birth endowments. I use a LBW indicator variable, which takes a value 

of one if a child weighed less than 2,500 grams at birth and zero otherwise, to measure a low 

birth endowment or an adverse endowment shock. As noted above, LBW is a useful endowment 

measure since it has been shown to have important and long-lasting effects on a variety of child 

outcomes. 
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I use the Home Observation for Measurement of the Environment (HOME) assessment as a 

measure of the time and goods inputs that parents devote to children in order to promote child 

development. The HOME assessment has been administered to mothers biennially since 1986 for 

children aged 0-14 and is based on a mother’s self-reports and interviewer observations of the 

home environment. The HOME assessment contains a rich array of measures of both the quality 

and quantity of parental investments that promote the cognitive and socioemotional development 

of children.
6
 The cognitive stimulation subscale of the HOME assessment is based on questions 

such as the frequency with which they read to children, the number of children’s books in the 

home, and whether a family member has taken a child to a museum in the past year. The 

emotional support subscale of the HOME assessment is based on questions such as frequency 

with which parents praise or show affection to their children and use spanking to reprimand 

children. 

The HOME scores are derived from the individual items by first converting each item into a 

dichotomous variable. If the answer to a question reaches the “stimulation” threshold specified by 

developmental psychologists, then that particular item is assigned a value of one, otherwise it is 

assigned a value of zero. The total raw HOME score is the sum of the dichotomized individual 

item scores and is age-specific because the items differ by child age. A possible concern with the 

analysis of such investment data is that the amount of time and type of investment required by 

children varies by child age and comparisons of siblings of different ages at a given point in time 

may confound age effects with other effects of interest such as endowment-related effects. The 

raw HOME scores are normed so that each age is assigned a standardized score with a mean of 

100 and a standard deviation of 15, which makes comparisons across ages possible. To alleviate 

the concern that age-related factors may confound, for example, investment responses to 

endowment differences, I use these age-standardized HOME scores in the analysis.
7
 Also, in the 

robustness section below, I test the sensitivity of the results by restricting the analysis to siblings 

who were born less than 2 years apart—as such siblings require more similar amounts and types 

of investments compared with more distantly spaced siblings.  

In the 1986-2012 C-NLSY files, there are a total of 287,800 child-year observations. My 

sample selection criteria are as follows. First, I drop 178,617 observations in which children were 

outside of the 0-14 age range, since only children within this age range were given the HOME 

assessment. Second, I drop 59,551 observations in which all the HOME scores are missing. 

Third, I drop 4,601 observations with missing information on birth weight. This leaves 

information on 45,031 child-year observations for 9,385 children born to 4,370 women. The 

regression sample sizes are smaller than 45,031 child-year observations due to missing 

information on the control variables—which are described in the next section—used in the 

analysis. Summary statistics for the regression sample can be found in Table 1. 

 

3. Empirical Strategy 

  

       To estimate the impact of child endowments on parental investment in child human capital, I 

                                                 
6
 See https://www.nlsinfo.org/content/cohorts/nlsy79-children/other-documentation/codebook-supplement/appendix-

home-sf-scales  (last accessed February 21, 2016) for a detailed list of the questions that contribute to HOME scores.  
7
 While I present results using the age-standardized HOME scores, an analysis of the raw scores yielded very similar 

results. 

5

https://www.nlsinfo.org/content/cohorts/nlsy79-children/other-documentation/codebook-supplement/appendix-home-sf-scales
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follow the existing literature by specifying an empirical investment demand equation that is 

based on an economic model in which investment in a child i at a given point in time t depends 

on her own endowment, the endowments of siblings present in the household at time t, and other 

time-constant and time-varying child and family characteristics (Behrman et al. 1994; Datar et al. 

2010):  

 

𝐻𝑂𝑀𝐸𝑖𝑓𝑡 = 𝑋𝑖𝑓𝑡
′ 𝛼1 + 𝑍𝑖𝑓

′ 𝛼2 + 𝛼3𝐿𝐵𝑊𝑖𝑓 + 𝛼4𝑁𝐿𝐵𝑊𝑆𝐼𝐵𝑆𝑖𝑓𝑡 + 𝜇𝑓 + 𝜀𝑖𝑓𝑡,                                 (1)   

 

where HOMEift is the age-standardized overall, cognitive stimulation, or emotional support 

HOME score of child i of family f at time t; Xift is a vector of child-specific time-varying control 

variables; Zif is a vector of child-specific time-constant control variables; LBWif is a dummy 

variable equal to one if the child was born with a LBW and zero otherwise; NLBWSIBSift is the 

number of LBW siblings of child i present in the home at time t; μf is a mother fixed effect 

(MFE); and εift is an idiosyncratic disturbance term.  

The goal is to estimate the causal effect of child birth endowments on parental investment in 

child human capital. Ordinary least squares (OLS) estimates of the effects of birth weight on 

investment will be biased if either µ or ε is correlated with the birth endowments. I exploit the 

fact that I observe multiple children born to the same mother to address the possibility of 

correlation between persistent family-specific unobserved heterogeneity and birth weight, by 

using a within-family estimation approach.
8
 If we subtract family-specific means from each of 

the components in equation 1, the MFE µf, which captures all time-invariant family-specific 

unobserved factors that are common across siblings, drops out and we obtain: 

 

∆𝐻𝑂𝑀𝐸𝑖𝑓𝑡 = ∆𝑋𝑖𝑓𝑡
′ 𝛽1 + ∆𝑍𝑖𝑓

′ 𝛽2 + 𝛽3∆𝐿𝐵𝑊𝑖𝑓 + 𝛽4∆𝑁𝐿𝐵𝑊𝑆𝐼𝐵𝑆𝑖𝑓𝑡 + ∆𝜀𝑖𝑓𝑡,                            (2)  

 

where 𝐻𝑂𝑀𝐸𝑖𝑓𝑡 = ∆𝐻𝑂𝑀𝐸𝑖𝑓𝑡 − 𝐻𝑂𝑀𝐸𝑖𝑓𝑡 and the other variables are analogously defined. The 

within-family estimator employed in the analysis uses only within-family variation in birth 

endowments to identify the impact of birth endowments on investment behavior.
9
 The key issue 

in this paper is whether there are differences in investment responses to child endowments by 

maternal education and family income. To the extent that some of the inputs measured by the 

HOME assessment are costly, the total availability of resources at the time an investment 

decision is being made will affect how much can be devoted by a mother to, for example, remedy 

a child’s cognitive deficits. Maternal education may influence the sign and magnitude of the 

                                                 
8
 It is likely that mothers who care a lot about child quality have better-endowed children and also invest more in 

their children after birth. In this case, µ would be correlated with birth endowments and while OLS estimates would 

be biased, estimates using a within-family estimator would not be affected by the bias resulting from this correlation. 
9
 Since I rely on within-family variation in birth weight and HOME scores to identify parameters of interest, it is 

important to analyze the amount of within-family variation available to exploit in estimation. In an unreported 

analysis, I estimate the proportion of total variation in HOME scores and birth weight that can be explained by 

within-family variation, by estimating regression models that control only for a MFE. The proportion of total 

variation in HOME scores explained by within-family variation ranges between 36% and 50% and 39% of total 

variation in birth weight is explained by within-family variation. In addition, about 15.4% of multiple-child families 

have at least one child who is LBW and at least one child who is NBW. And among high school dropouts and more 

educated mothers, the corresponding figures are 22.6% and 13.6%, respectively. 
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response to a LBW outcome because the tension between inequality aversion and efficiency 

concerns, knowledge about how to remedy the adverse consequences of poor endowments, and 

returns to investment in poorly endowed children in the production of child development 

outcomes may vary by maternal education. In the analysis described below, variants of MFE 

regression model equation 2 are estimated, including models in which the child endowment 

measures are interacted with maternal education or total family income. 

Assuming that Δεift is uncorrelated with differences in birth weight, the within-family 

estimator provides consistent estimates of the parameters in the model. However, child-specific 

and time-varying family-specific unobserved heterogeneity remain in the disturbance term. If 

such unobserved factors affect parental investments and are correlated with birth weight, then the 

within-family estimates of the effects of birth weight on investment will be biased. To reduce the 

potential for omitted variable bias, the vectors 𝑋𝑖𝑓𝑡 and 𝑍𝑖𝑓 include a wide range of fixed and 

variable child and family characteristics that may be correlated with unobserved determinants of 

investment behavior. 

As described above, age-standardized HOME scores are used in the analysis to help to 

account for the fact that children of different ages require different amounts and types of 

investments. To further alleviate the concern that investment differences across children may 

reflect age-related differences and not endowment-related differences, I control for several age-

related factors in the regression analysis. First, I control flexibly for child age by including year 

of birth dummies in the regression analysis. And second, given evidence that investments in 

children decrease with birth order (Price 2008; Buckles and Kolka 2014) and investment gaps 

between lower-order and higher-order children increases with birth spacing (Price 2010), I 

account for such investment differences across children by controlling for birth order and birth 

spacing dummies in the regression analysis. Other factors that might affect the time and resources 

available for investment in children at a particular time that are accounted for in the regression 

analysis include indicator variables for a mother’s marital status and father’s presence in the 

home, total number of siblings in the home, and total family income. And, finally, mother’s age 

at child’s birth dummies, interview year dummies, and an indicator for male child are controlled 

for in the regression analysis to account for investment differences across a mother’s life cycle 

and a child’s sex. 

 

4. Results 

 

4.1. Main Analysis 

 

In Panel A of Table 2, I present results of an analysis of whether mothers on average 

reinforce or compensate for differences in child endowments.
10

 (For the regression analysis, the 

HOME scores have been divided by their standard deviations [SD], so the estimated coefficients 

are interpreted as percentages of a SD.) The analysis indicates that on average LBW reduces a 

child’s HOME score and its components, suggesting that mothers reinforce a LBW outcome. 

LBW children receive on average about 5% of a SD less in cognitive stimulation and 0.5% of a 

SD less in emotional support than their NBW siblings, although only the former is statistically 

                                                 
10

 Appendix Table 1 shows the full set of OLS and MFE regression results for Panel A of Table 2. 
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significant at conventional levels. Each LBW sibling present in the household is estimated to lead 

to statistically insignificant increases in cognitive stimulation (1% of a SD) and emotional 

support (8% of a SD). The sign of the estimated effects of siblings’ endowments also suggest 

reinforcing investment behavior, but I cannot reject the null hypothesis that on average—

conditional on a child’s own birth endowment—the number of LBW siblings in the household 

has no effect on investment in a child.
11

  

The average estimated impacts of child endowments on investment behavior mask a 

substantial amount of heterogeneity by maternal education and income. Together with the main 

effects, the estimates shown in Panel B of Table 2 indicate that while low-income and low-

educated mothers strongly reinforce a LBW outcome, higher-income and better-educated mothers 

either reinforce to a lesser extent or compensate. Each year of maternal education and every 

$10,000 increase in family income raises the response of overall investment in a LBW child by 

about 1.9% of a SD and 0.3% of a SD, respectively. The small investment differences by income 

are driven by the cognitive stimulation HOME score, while the larger investment differences by 

education are driven by the emotional support HOME score.
12

 The largest estimated investment 

response to a LBW outcome is between low-educated and high-educated mothers. For example, 

the results indicate that while mothers with 10 years of education provide about 7% of a SD less 

emotional support to their LBW children (-0.356 + 0.029*10 = -0.066), mothers with 16 years of 

education provide about 11% of a SD more emotional support to their LBW children (-0.356 + 

0.029*16 = 0.108). 

The estimated effect of the number of LBW siblings in the home on overall investment is 

positive, but the strength of this positive investment response decreases in magnitude with 

education and income—and this pattern appears to be driven by the cognitive stimulation HOME 

score. In particular, the analysis indicates that mothers with 16 years of education provide 40% of 

a SD less cognitive stimulation to her child for every LBW sibling in the home at the time of the 

investment (1.237 + -0.103*16 = -0.411), while mothers with 10 years of education provide 21% 

of a SD more cognitive stimulation to her child for the same increase in LBW siblings in the 

home (1.237 + -0.103*10 = 0.207). These results suggest that—conditional on a child’s own 

endowment—the presence of LBW siblings causes mothers at the low end of the education 

distribution to shift more cognitive resources toward a child while mothers at the high end shift 

less resources. 

                                                 
11

 Many studies in the literature do not estimate the impact of siblings’ endowment on investment in a child. In an 

unreported analysis, I omitted the measure of siblings’ endowments from regression models, which tended to slightly 

attenuate the estimated impact of a child’s own endowment on investment measures. This suggests that omitting a 

measure of siblings’ endowments from investment demand regression equations may cause a small bias in the 

estimated own-endowment effects away from zero. 
12

 A possible explanation for the small estimated investment differences by income is measurement error in income, 

which tends to be exacerbated in specifications that identify parameters using within-family differences. In an 

alternate specification, I use average family income over all available observations for a child within a family to 

address the potential attenuation bias due to measurement error in income. The coefficient estimates of the 

interaction between LBW and average family income are similar in magnitude to those of the interaction between 

LBW and current family income, suggesting that measurement error in income is not causing a substantial amount of 

attenuation bias. And to the extent that maternal education is a proxy for “permanent income”, this unreported 

analysis also suggests that the interactive effects of LBW and maternal education on investment operate through 

channels in addition to the permanent-income channel. 

8



 

 

4.2. Robustness Checks 

 

Before further examination of the heterogeneity in the impact of child endowments by 

education and income, I conduct three robustness checks.
13

  

First, an important endogeneity concern is that, since birth weight is influenced by decisions 

of the mother while pregnant, the estimated effects of birth endowments on the HOME scores 

may reflect correlation between pre-birth and post-birth investments. To reduce the risk of this 

endogeneity concern—instead of allowing the impact on post-birth investment of pre-birth 

investment differences to operate through differences in birth weight—I control for a host of 

prenatal investment measures including a mother’s pre-pregnancy weight, weight gain during 

pregnancy, and indicator variables for whether a mother smoked, drank, and obtained early 

prenatal care during pregnancy. A comparison of the results summarized in Panel A of Table 3 

with the main results (Panel B of Table 2) reveals that the estimated investment differences by 

income and education are similar, suggesting that omitting pre-birth investments from the model 

is not a problem for the analysis. 

Second, an ideal analysis would involve comparisons of within-family investments in same-

age children. Unfortunately, the sample of twins captured in the C-NLSY is too small for reliable 

estimates of the parameters of interest. Age-standardized HOME scores and flexible controls for 

child age alleviate concerns that within-family comparisons of investments in children of 

different ages may confound age-related and endowment-related factors. To further alleviate this 

concern, however, I show results from an analysis that includes in the sample only children who 

were born less than 2 years apart from each other (Panel B of Table 3) and at least 2 years apart 

(Panel C of Table 3). The results summarized in both panels are similar to the main results (Panel 

B of Table 2), although the effects are generally less precisely estimated in the smaller latter 

sample. These exercises suggest that the main analysis adequately accounts for concerns related 

to child age effects. 

Third, one may be concerned that the generalizability of the results may be somewhat limited 

by the fact that the C-NLSY may not be representative of the current U.S. population of mothers, 

especially in light of the heterogeneity in parental investment behavior by income and education. 

For example, the main analysis includes children born to mothers who made it into the sample 

through an effort to oversample black, Hispanic, and economically disadvantaged white youth. 

The results of an analysis of a sample that excludes these children are presented in Panel D of 

                                                 
13

 I also explored the importance of several interactive effects that may drive the heterogeneity in investment 

responses to a LBW outcome by education and income. First, various aspects of the home environment may affect 

the ability of some mothers to make compensatory investments. For example, single motherhood or divorce, the lack 

of a child’s father in the home, and high or tightly spaced fertility could make mothers less able to compensate for 

their child being born with a LBW, since these children may require more time or resources than NBW children. 

Second, a mother’s cognitive and noncognitive skills could influence their investment response to a LBW outcome. 

For instance, high-educated mothers may be more productive at investing in poorly endowed children or may be 

better able to overcome the difficulties associated with caring for such children. In an unreported analysis, I 

examined these issues by adding interactions between birth endowments and the following variables to the main 

empirical specification: indicator for whether a mother is married, indicator for whether the child’s father is present 

in the home, the total number of siblings in the home, birth order, birth spacing, and a mother’s performance on the 

AFQT, Rotter Locus of Control, Pearlin Mastery, and Rosenberg Self-Esteem Scales. I found no evidence that these 

factors drive the investment differences I observe by mother’s education and family income. 
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Table 3, which are similar to the main results (Panel B of Table 2), suggesting that the results are 

not driven by these oversamples. 

 

4.3. Nonlinear Effects of Education and Income in the Response of Investment to Child 

Endowments 

 

The impacts of education and income on parental investment behavior at the low ends of the 

education and income distributions may be different from the corresponding impacts at the high 

ends. For this reason, I relax the assumption of linearity in the effects of maternal education and 

family income on investment in LBW children relative to NBW children. Table 4 presents 

estimates of specifications with interactions between the child endowment measures and indicator 

variables for maternal education at different points of the education distribution (high school 

degree, some college or more but no 4-year college degree, and 4-year college degree or more) 

and for quartiles of the family income distribution. Focusing on the effect of a LBW outcome 

first, there is no evidence of strong nonlinear effects of family income on relative investment in 

LBW children. The estimates of the interactive effects of LBW and income quartile indicators are 

small in magnitude and statistically insignificant—as well as jointly insignificant (p-value 

0.382)—suggesting that low-income and higher-income mothers invest about the same amount in 

LBW and NBW children. 

In contrast, the results indicate that high school dropouts reinforce a LBW outcome by 

investing less in their LBW children relative to their NBW children, while higher-educated 

mothers compensate for a LBW outcome by investing more in their LBW children.
14

 Much of the 

heterogeneity in the overall investment response appears to be driven by differences in the 

amount of emotional support provided to LBW children by education. High school dropouts are 

estimated to provide about 12% of a SD less emotional support to their LBW children, while 

higher-educated mothers compensate for a LBW outcome by providing 7-12% of a SD more 

emotional support to their LBW children. I cannot reject the null hypothesis that the investment 

responses by the higher-educated mothers to a LBW outcome are equal to each other (p-value = 

0. 741). 

The patterns for cognitive stimulation are similar. The estimates suggest that high school 

dropouts provide 6% of a SD less cognitive stimulation to their LBW children whereas mothers 

with a high school degree or some college provide about the same amount of cognitive 

stimulation to their LBW and NBW children, but estimates of the main effect and these 

interactive effects are statistically insignificant. The analysis indicates that there is a more 

economically important and statistically significant response at the high end of the education 

distribution. Mothers with at least a 4-year college degree are estimated to provide 16.5% of a SD 

more cognitive stimulation to their LBW children. The estimated response of cognitive 

stimulation to LBW children among mothers with at least 4 years of college is marginally 

significantly different from that of mothers with a high school degree (p-value = 0.059) and of 

mothers with some college (p-value = 0.057). 

                                                 
14

 In an unreported analysis, I find that the differential investment response to a very low birth weight (VLBW)—

defined as a birth weight below 1,500 grams—outcome by education is even larger. I estimate that high school 

dropouts invest about 17% of a SD less in their VLBW children while mothers with at least 4 years of college invest 

16% of a SD more in their VLBW children. 
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Now shifting the focus to the effect of the number of LBW siblings in the home on parental 

investment, there is also evidence of reinforcing investment behavior among low-educated 

mothers but less reinforcing or compensatory investment behavior among higher-educated 

mothers. The presence of each LBW sibling in the home of high school dropouts is estimated to 

increase cognitive stimulation in a child by 33.5% of a SD. However, the positive impact of 

LBW siblings on cognitive stimulation in a child for mothers with a high school degree and some 

college are much smaller in magnitude—2.3% of a SD and 0.4% of a SD, respectively—and the 

impact is negative (albeit less precisely estimated) suggesting compensatory behavior for mothers 

with 4 years of college or more. And for emotional support, while each LBW sibling in the home 

of high school dropouts raises the emotional support given to a child by a statistically 

insignificant 22% of a SD, it lowers the emotional support given to a child by 47-90% of a SD in 

the homes of families above the median of the income distribution.  

The most robust finding is that of differential investment responses to a LBW outcome by 

maternal education. I now explore the implications of these results for differences in child 

outcomes of LBW children born to low-educated versus high-educated mothers. Blau (1999) 

reports that a one SD increase in HOME scores is associated with a 7-14% of a SD increase in 

child assessments measuring cognitive, social, and emotional development. Using the estimates 

from Table 4, my results suggest that the response of investment to a LBW outcome by high 

school dropouts may lead to decreases in the development of their LBW children by up to 2% of 

a SD. In contrast, the corresponding response to a LBW outcome by mothers with at least a 4 

year college degree may lead to increases in the development of their LBW children of up to 2% 

of a SD. Furthermore, if a one SD increase in child test scores is associated with an increase in 

wages of 4% to 10% (Carneiro et al. 2007), then the investment patterns among high school 

dropouts (4-year college graduates) may lead to decreases (increases) in the earnings of LBW 

children of up to 0.2%. These rough calculations suggest that investment responses to a LBW 

outcome may nontrivially accentuate within-family earnings inequality associated with a LBW 

outcome at the low end of the maternal education distribution while they may nontrivially 

mitigate it at the high end. 

Another way to examine the implications of heterogeneous investment responses to a LBW 

outcome by education is to analyze the impact of child endowments on the risk of exposure to 

very low levels of parental investments. Totsika and Sylva (2004) indicate that, for HOME 

scores, the “lowest fourth of the score range indicate an environment that may pose a risk to some 

aspect of the child’s development.” In Table 5, I show results from a specification similar to the 

one used for the results shown in Table 4, except that the dependent variables are dummy 

variables equal to one if a child’s age-standardized HOME score is at the 25
th

 percentile or worse 

and zero otherwise. The results indicate that the risk of obtaining an at-risk HOME score is 6 

percentage points higher for LBW children born to high school dropouts, which is a 13% 

increase relative to the sample at-risk HOME score mean (0.46) for these mothers. In contrast, 

the corresponding risk for LBW children born to 4-year college graduates or more is almost 8 

percentage points lower—a decrease of 36% relative to the sample mean (0.21) for these 

mothers. These results suggest that differential investment behavior by education may put LBW 

children born to low-educated mothers at higher risk of developmental delays or deficits.  

 

5. Discussion and Conclusion 
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I find that on average parental investment reinforces a LBW outcome. This finding is 

consistent with a recent review of the literature (Almond and Mazumder 2013), which concluded 

that studies of parental investment responses to child endowment differences seem to “tilt against 

compensatory investments.” However, the direction and magnitude of parental investment 

responses to a LBW outcome vary by maternal education. Low-educated mothers reinforce a 

LBW outcome by investing less in the human capital of their LBW children, whereas higher-

educated mothers compensate for a LBW outcome by allocating more resources to their LBW 

children. In addition, investment in a child increases with the number of LBW siblings present in 

the homes of low-educated mothers but increases to a much smaller extent and in some cases 

decreases in the homes of higher-educated mothers. This is also consistent with the notion that 

investment behavior is reinforcing at the low end of the education distribution and less 

reinforcing or compensatory at the high end.  

The results in this study complement those of studies that have examined whether the effect 

of poor child endowments are mitigated by a family’s socioeconomic status (Currie and Moretti 

2007; Lin et al. 2007; Almond et al. 2009; Zvara and Schoppe-Sullivan 2010; Cheadle and 

Goosby (2010); Halla and Zweimuller 2014; Beach and Saavedra 2015). These studies find that 

poorly endowed children achieve worse outcomes and that the negative impacts of a poor 

endowment are often larger for children born in disadvantaged families. One interpretation of the 

results in this literature is that more advantaged families provide larger compensatory investment 

responses to adverse endowment shocks or at least are less reinforcing, compared with 

disadvantaged families. The evidence presented here supports this interpretation for the case of 

variation in parental investment responses to a LBW outcome by maternal education. 

The findings in this study have important implications for the literature examining the impact 

of LBW on child outcomes. The well-known fetal origins hypothesis stresses the importance of 

fetal development in links between measures of fetal and infant health and later-life health 

outcomes (Barker 1990; Almond and Currie 2011a,b). However, social or environmental factors, 

which vary by a family’s socioeconomic status, may accentuate or attenuate the biological effects 

of LBW on child outcomes. David J. Barker argued that the “womb may be more important than 

the home” (Barker 1990), but parental investment responses to a LBW outcome that start early in 

the home environment may—depending on whose home it is—promote or prevent the 

development of some of the adverse consequences of being born with a LBW. For example, a 

possible outcome of the investment differences by maternal education uncovered in this study is 

that the adverse consequences of a LBW outcome may be exacerbated by low-educated mothers 

and mitigated by high-educated mothers. If true, studies that do not account for such 

heterogeneity in investment behavior may, on the one hand, identify the lower bounds of the 

effects of LBW on child outcomes for children born to high-educated mothers, but, on the other 

hand, identify the upper bounds of such effects for children born to low-educated mothers. 
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Mean Std. Dev.
A. Dependent Variables

HOME—Overall Age-Standardized Score 97.413 15.839
HOME—Cognitive Stimulation Age-Standardized Score 97.592 15.801
HOME—Emotional Support Age-Standardized Score 98.084 15.846

B. Explanatory Variables

Child Characteristics

Age 7.188 4.097
1 if Male 0.508
1 if Low Birth Weight (Birth Weight <2500 grams) 0.083
Birth Order 1.960 1.111
Birth Spacing (in Months) 26.213 34.368

Maternal and Family Characteristics

1 if Black 0.288
1 if Hispanic 0.196
1 if Mother is Married 0.653
1 if Child's Father is Present in Mother's Household 0.623
Mother's Age at Child's Birth 25.580 5.424
Number of Siblings Present in Mother's Household 1.510 1.161
Number of Low Birth Weight Siblings Present in Mother's Household 0.004 0.077
Mother's AFQT Percentile 39.435 28.236
Mother's Highest Grade Completed 12.763 2.412
Total Family Income (in 10,000s of 2012 Dollars) 6.728 10.789
Number of Child-Year Observations

Table 1: Sample Summary Statistics

36,201
Note.—These are summary statistics of the overall HOME regression sample. All time-varying variables are

measured at the time a child's HOME assessment was completed unless otherwise noted.
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HOME HOME-CS HOME-ES
A. Main Effects Only
 
1 if LBW -0.041* -0.050** -0.005

(0.024) (0.024) (0.028)
Number of LBW Siblings 0.050 0.010 0.081

(0.067) (0.068) (0.088)

B. Main Effects Plus Interactions with Mother's Education
     and Total Family Income

LBW  -0.283** -0.165  -0.356**
(0.132) (0.147) (0.154)

LBW × Mother's Highest Grade Completed   0.019* 0.008  0.029** 
(0.011) (0.012) (0.012)

LBW × Total Family Income   0.003**  0.003* 0.001
(0.001) (0.002) (0.002)

Number of LBW Siblings  0.708*   1.237*** 0.015
(0.423) (0.311) (0.690)

Number of LBW Siblings × Mother's  Highest Grade Completed -0.048   -0.103*** 0.020
(0.036) (0.029) (0.058)

Number of LBW Siblings × Total Family Income -0.028 -0.006     -0.051* 
(0.018) (0.012) (0.028)

Number of Child-Year Observations 36,201 34,316 32,448

Table 2: The Average Impact of Child Endowments on Investment and Heterogeneity in the Impact by Education and Income

Note.—Control variables included but not shown: child's year of birth dummies, mother's age at child's birth dummies, interview year dummies, birth order dummies, birth

spacing dummies, indicator for male child, indicator for mother's marital status, indicator for father's presence in the home, number of siblings in the home, and total

family income. Standard errors clustered at the mother level are in parentheses. *,**, and *** denote statistical significance at the 10%,5%, and 1% level, respectively.
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HOME HOME-CS HOME-ES
A. Adding Controls for Prenatal Investment Behaviors

LBW -0.345** -0.255* -0.381** 
(0.139) (0.153) (0.167)

LBW × Mother's Highest Grade Completed 0.023** 0.015 0.030** 
(0.011) (0.012) (0.013)

LBW × Total Family Income 0.003** 0.003* 0.000
(0.001) (0.002) (0.002)

Number of LBW Siblings 0.597 1.212*** -0.210
(0.471) (0.359) (0.717)

Number of LBW Siblings × Mother's  Highest Grade Completed -0.042 -0.102*** 0.036
(0.040) (0.033) (0.061)

Number of LBW Siblings × Total Family Income -0.025 -0.007 -0.047*  
(0.018) (0.014) (0.028)

B. Birth Spacing < 2 Years

LBW -0.496*** -0.312 -0.440*
(0.191) (0.197) (0.248)

LBW × Mother's Highest Grade Completed 0.037** 0.023 0.033*
(0.015) (0.016) (0.020)

LBW × Total Family Income 0.003** 0.005* -0.003
(0.001) (0.002) (0.003)

Number of LBW Siblings 1.355 1.795*** 0.555
(1.042) (0.555) (1.542)

Number of LBW Siblings × Mother's  Highest Grade Completed -0.103 -0.152*** -0.029
(0.086) (0.049) (0.128)

Number of LBW Siblings × Total Family Income -0.017 0.004 -0.032
(0.025) (0.013) (0.038)

Table 3: Robustness Checks
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C. Birth Spacing ≥ 2 Years

LBW -0.448 -0.412 -0.464
(0.349) (0.438) (0.423)

LBW × Mother's Highest Grade Completed 0.033 0.029 0.033
(0.028) (0.036) (0.034)

LBW × Total Family Income 0.005** 0.002 0.008***
(0.002) (0.002) (0.002)

Number of LBW Siblings -0.066 0.641 -0.839
(0.439) (0.578) (0.531)

Number of LBW Siblings × Mother's  Highest Grade Completed 0.014 -0.054 0.093*  
(0.039) (0.051) (0.050)

Number of LBW Siblings × Total Family Income -0.037 -0.014 -0.073***
(0.023) (0.024) (0.028)

D. Excluding Poor White, Black, and Hispanic Oversamples

LBW -0.359* -0.198 -0.497** 
(0.197) (0.220) (0.230)

LBW × Mother's Highest Grade Completed 0.023 0.010 0.038** 
(0.015) (0.017) (0.018)

LBW × Total Family Income 0.003** 0.003* 0.001
(0.001) (0.002) (0.002)

Number of LBW Siblings -0.052 1.230*** -1.376
(0.692) (0.452) (1.490)

Number of LBW Siblings × Mother's  Highest Grade Completed 0.014 -0.103** 0.138
(0.063) (0.044) (0.128)

Number of LBW Siblings × Total Family Income -0.035 -0.008 -0.063** 
(0.021) (0.016) (0.030)

Note.—See note in Table 2 for control variables included but not shown. Sample sizes for HOME regressions in Panel A, B, C, and D are 33,141, 21,315, 14,886, and

21,582, respectively. Standard errors clustered at the mother level are in parentheses. *,**, and *** denote statistical significance at the 10%,5%, and 1% level,

respectively.
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HOME HOME-CS HOME-ES

1 if LBW  -0.116** -0.063  -0.120* 
(0.057) (0.058) (0.064)

Number of LBW Siblings Present   0.375**  0.335** 0.219
(0.168) (0.157) (0.219)

1 if LBW × 1 if HS Grad   0.175*** 0.055  0.236***
(0.064) (0.065) (0.073)

1 if LBW × 1 if Some College   0.145** 0.051  0.189**
(0.071) (0.072) (0.082)

1 if LBW × 1 if 4-yr College Grad or More   0.187**  0.228** 0.195*
(0.093) (0.102) (0.105)

1 if LBW × 1 if Q2 of Total Family Income -0.068 -0.053 -0.072
(0.050) (0.058) (0.063)

1 if LBW × 1 if Q3 of Total Family Income -0.092 -0.063 -0.078
(0.056) (0.064) (0.064)

1 if LBW × 1 if Q4 of Total Family Income -0.069 -0.071 -0.077
(0.061) (0.070) (0.075)

Number of LBW Siblings ×1 if HS Grad -0.213 -0.312* 0.118
(0.177) (0.163) (0.253)

Number of LBW Siblings × 1 if Some College -0.138 -0.331* 0.12
(0.193) (0.181) (0.313)

Number of LBW Siblings × 1 if 4-yr College Grad or More -0.022 -0.775 0.344
(0.403) (0.508) (0.633)

Number of LBW Siblings × 1 if Q2 of Total Family Income -0.269* -0.144 -0.298
(0.161) (0.155) (0.227)

Number of LBW Siblings × 1 if Q3 of Total Family Income -0.347* -0.098 -0.691*  
(0.184) (0.175) (0.405)

Number of LBW Siblings × 1 if Q4 of Total Family Income -0.761* -0.158 -1.114** 
(0.391) (0.304) (0.460)

Number of Child-Year Observations 36,201 34,316 32,448

Table 4: Non-Linear Effects of Education and Income on Heterogenous Investment Behavior

Note.—Control variables included but not shown: child's year of birth dummies, mother's age at child's birth dummies,

interview year dummies, birth order dummies, birth spacing dummies, indicator for male, indicator for mother's marital

status, indicator for father's presence in the home, number of siblings in the home, and dummies for total family income

quartiles. Standard errors clustered at the mother level are in parentheses. *,**, and *** denote statistical significance at the

10%,5%, and 1% level, respectively.

22



1 if At-Risk 1 if At-Risk 1 if At-Risk
HOME HOME-CS HOME-ES
Score Score Score

1 if LBW 0.061** 0.015 0.033
(0.028) (0.028) (0.032)

Number of LBW Siblings Present -0.040 -0.124 -0.109
(0.056) (0.076) (0.085)

1 if LBW × 1 if HS Grad -0.112*** -0.037 -0.084** 
(0.030) (0.031) (0.034)

1 if LBW × 1 if Some College -0.055 -0.005 -0.053
(0.035) (0.034) (0.039)

1 if LBW × 1 if 4-yr College Grad or More -0.137*** -0.068 -0.079
(0.042) (0.049) (0.050)

1 if LBW × 1 if Q2 of Total Family Income -0.019 0.160* 0.024
(0.067) (0.083) (0.102)

1 if LBW × 1 if Q3 of Total Family Income 0.013 0.134 0.14
(0.107) (0.099) (0.124)

1 if LBW × 1 if Q4 of Total Family Income -0.370*** 0.300 0.262
(0.131) (0.211) (0.301)

Number of LBW Siblings ×1 if HS Grad 0.019 0.031 0.035
(0.027) (0.030) (0.031)

Number of LBW Siblings × 1 if Some College 0.046 0.027 0.050*  
(0.029) (0.030) (0.030)

Number of LBW Siblings × 1 if 4-yr College Grad or More 0.022 0.036 0.058*  
(0.028) (0.032) (0.033)

Number of LBW Siblings × 1 if Q2 of Total Family Income 0.076 0.105 0.069
(0.077) (0.086) (0.093)

Number of LBW Siblings × 1 if Q3 of Total Family Income 0.204** 0.071 0.137
(0.099) (0.114) (0.169)

Number of LBW Siblings × 1 if Q4 of Total Family Income 0.229 -0.045 0.334*  
(0.149) (0.132) (0.185)

Number of Child-Year Observations 36,201 34,316 32,448

Table 5: The Heterogeneous Impact of Child Endowments on At-Risk Levels of Investment

Note.—Control variables included but not shown: child's year of birth dummies, mother's age at child's birth dummies,

interview year dummies, birth order dummies, birth spacing dummies, indicator for male, indicator for mother's marital status,

indicator for father's presence in the home, number of siblings in the home, and dummies for total family income quartiles.

Standard errors clustered at the mother level are in parentheses. *,**, and *** denote statistical significance at the 10%,5%,

and 1% level, respectively.
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OLS MFE OLS MFE OLS MFE

1 if Second Born -0.130** -0.070** -0.149** -0.056** -0.075 -0.088** 
(0.051) (0.030) (0.058) (0.028) (0.046) (0.035)

1 if Third Born -0.157*** -0.104*** -0.193*** -0.111*** -0.089*  -0.096** 
(0.053) (0.034) (0.060) (0.034) (0.049) (0.040)

1 if Fourth (or Later) Born -0.242*** -0.159*** -0.319*** -0.221*** -0.092 -0.068
(0.062) (0.044) (0.070) (0.045) (0.056) (0.053)

1 if 1 Year ≤ Birth Spacing < 2 Years -0.005 -0.041 0.036 -0.055* -0.032 0.018
(0.055) (0.032) (0.063) (0.030) (0.049) (0.036)

1 if 2 Years ≤ Birth Spacing < 3 Years 0.025 -0.063* 0.051 -0.086*** -0.014 0.008
(0.055) (0.032) (0.062) (0.030) (0.050) (0.039)

1 if 3 Years ≤ Birth Spacing < 4 Years 0.051 -0.052 0.072 -0.067** 0.008 0.016
(0.056) (0.034) (0.063) (0.032) (0.050) (0.040)

1 if Birth Spacing ≥ 4 Years 0.021 -0.074** 0.046 -0.082** -0.004 0.000
(0.054) (0.036) (0.061) (0.035) (0.049) (0.042)

1 if Male -0.112*** -0.088*** -0.127*** -0.102*** -0.057*** -0.037***
(0.013) (0.010) (0.014) (0.011) (0.012) (0.012)

1 if Mother is Black -0.321*** -0.243*** -0.309***
(0.029) (0.031) (0.026)

1 if Mother is Hispanic -0.135*** -0.217*** 0.018
(0.028) (0.031) (0.025)

Number of Siblings Present -0.075*** -0.030** -0.070*** -0.031** -0.050*** -0.016
(0.011) (0.012) (0.012) (0.012) (0.010) (0.014)

1 if Child's Father is Present 0.208*** 0.139*** 0.065** 0.023 0.294*** 0.208***
(0.024) (0.021) (0.026) (0.022) (0.025) (0.027)

Mother's AFQT Percentile 0.004*** 0.004*** 0.002***
0.000 (0.001) 0.000

1 if Mother is Married 0.436*** 0.317*** 0.263*** 0.132*** 0.478*** 0.423***
(0.026) (0.025) (0.029) (0.026) (0.026) (0.030)

Appendix Table 1: The Impact of Child Endowments on Parental Investment

HOME HOME-CS HOME-ES
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Mother's Highest Grade Completed 0.060*** 0.076*** 0.019***
(0.006) (0.006) (0.005)

Total Family Income 0.004*** 0.001 0.005*** 0.001** 0.002*** -0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

1 if LBW -0.038 -0.041* -0.018 -0.050** -0.027 -0.005
(0.027) (0.024) (0.030) (0.024) (0.026) (0.028)

Number of LBW Siblings Present -0.070 0.050 -0.075 0.010 -0.040 0.081
(0.062) (0.067) (0.065) (0.068) (0.072) (0.088)

Constant 4.673*** 5.834*** 3.994*** 5.164*** 5.455*** 6.276***
(0.427) (0.239) (0.528) (0.347) (0.203) (0.338)

Adjusted R-squared 0.304 0.529 0.234 0.491 0.227 0.392

Number of Child-Year Observations 36,201 34,316 32,448
Note.—Control variables not shown include child's year of birth dummies, mother's age at child's birth dummies, and interview year dummies.

Standard errors clustered at the mother level are in parentheses. *,**, and *** denote statistical significance at the 10%,5%, and 1% level,

respectively.
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