
 

 

National Poverty Center Working Paper Series 

#07‐22 

August, 2007 

 
Birth Weight, Academic Achievement, and Life Chances: A Comparison of 

Siblings from Childhood into Early Adulthood 
 

 
 

 
Jacob E. Cheadle, The University of Nebraska-Lincoln 

 
Bridget J. Goosby, The University of Nebraska-Lincoln 

 
 
 

 
 
 
 
 
 

This paper is available online at the National Poverty Center Working Paper Series index at: 
http://www.npc.umich.edu/publications/working_papers/ 

Any opinions, findings, conclusions, or recommendations expressed in this material are those of the author(s) and do not 
necessarily reflect the view of the National Poverty Center or any sponsoring agency. 

 



 

Birth Weight, Academic Achievement, and Life Chances: A 

Comparison of Siblings from Childhood into Early Adulthood
*
 

 

 

8/29/2007 

Word count: 9408 

 

 

Jacob E. Cheadle 

The University of Nebraska-Lincoln 

737 Oldfather Hall 

Lincoln, NE 68588-0324 

402-472-6037 

j.e.cheadle@gmail.com 

 

 

Bridget J. Goosby 

The University of Nebraska-Lincoln 

741 Oldfather Hall 

Lincoln, NE 68588-0324 

402-472-3820 

bgoosby@gmail.com 

 

 

 

 

*
 Address all correspondence to Jacob E. Cheadle at j.e.cheade@gmail.com, or 737 Oldfather 

Hall, Lincoln, NE 68588-0324.  This research was partially supported by small grant From the 

National Poverty Center at the University of Michigan. All opinions and errors are the sole 

responsibility of the authors and do not necessarily reflect those of either the helpful 

commentators or funding agencies. 



Birth Weight, Academic Achievement, and Life Chances: A 

Comparison of Siblings from Childhood into Early Adulthood
*
 

 

 

 

Abstract 

We used multilevel covariance structure analysis to study the relationship between birth weight, 

family context, development, and educational attainment.  Using data from the National 

Longitudinal Survey of Youth Child Sample (CNLSY79), we build on previous research using 

sibling-comparisons to estimate the causal relationship between birth weight, subsequent 

academic achievement, and timely high school completion.  Because we compare siblings of 

different ages, we incorporate family characteristics that vary between children as both 

predictors of growth and change, and also as time-changing covariates.  Our findings indicate 

that birth weight, even after adjusting for fixed-family characteristics and aspects of the home 

environment that vary between siblings, is associated with lower reading skills at age 5, 

subsequent growth, and the likelihood of timely high school completion.  Notably, however, the 

relationship between birth weight and timely high school completion is accounted for by 

children’s early reading skills, indicating the important role of early-learning differences in the 

attainment process.  Additional analyses, however, provide little evidence that the impact of birth 

weight is exacerbated by social conditions. Overall, the pattern of findings paints a complex 

picture of disadvantage, beginning in the womb and extending into early-adulthood.   
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1 Introduction 

There is a growing interest in the roles of health and biology in social and stratification processes 

(e.g., Strully and Conley 2004; Link and Phelan 1995).  Recent work by Conley and colleagues 

(2003; 2001; 2000) and Boardman, Powers, Padilla, and Hummer (2002), for example, explore 

the relationship between birth weight, academic achievement, and high school completion.  The 

findings of these projects, which are in accord with a larger body of birth weight research (see 

Hack 1995 for a detailed review), suggest that lower birth weight children have poorer 

educational skills and are less likely to finish high school on time than their healthier peers.  

These particular studies (e.g., Conley 2001, 2002; Boardman et al. 2002) are noteworthy because 

they go beyond much of the previous work on birth weight by incorporating siblings into the 

research strategy (see also:  Royer 2006; Behrman and Rosenzweig 2004).  Conley and 

colleagues, in particular, compellingly argue that estimating the causal impact of birth weight on 

later outcomes is difficult because birth weight is likely to be correlated with other unobserved 

characteristics which are also associated with outcomes, and that sibling comparisons, because 

they greatly reduce the omitted variables problem (see also Guo and VanWey 1999), capture a 

more appropriate comparison than simple random samples of unrelated individuals (or models 

that make such assumptions). 

 While Conley and Bennett (2001, 2000) study timely high school completion, Boardman et 

al. (2002) study reading development and together these works paint a picture of lower 

achievement and reduced life chances for smaller babies (see also Hack et al. 2002).  We 

integrate both outcomes, reading recognition development and high school completion, into a 

unified maximum likelihood multilevel covariance structure analysis framework, estimating 

residualized free-loading growth-models conducted (e.g., Muthén 1994, 1997) using the Children 
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of the National Longitudinal Study of Youth (CNLSY79).  Like Conley and colleagues, this 

approach allows us to make direct sibling comparisons which can be taken to tentatively offer 

causal generalizations, and which significantly updates Boardman et al.’s developmental work 

since they did not make direct sibling comparisons.  In this work we also update Conley and 

Bennett (2000; 2001; see also Conley, Strully, and Benett 2003) by explicitly incorporating 

youth’s developmental trajectories into the study of birth weight and timely high school 

completion, greatly elaborating the pathways through which birth weight influences attainment.  

By elaborating a between-family growth process, like Boardman and colleagues (2002) we ask 

which family characteristics that do not vary (or vary very little) between siblings are associated 

with achievement and high school completion, while an elaboration of within-family, between-

sibling covariates (e.g., HOME score variation) allows us to account for within-family 

heterogeneity in development that may not be captured by invariant (i.e. econometric family 

fixed-effects) family characteristics.  Taken together, this approach allows us to make the 

clearest statement of the consequences of birth weight for development and life chances so far 

offered using nationally representative data. 

2 Review & Motivation 

Despite the reductions in infant mortality rates through the end of the 20th century, the birth 

weight profile of the U.S. population was not improving.  While neonatal mortality in the U.S. 

declined slowly throughout the 1980s and 1990s, with the first increase in over 40 years 

occurring in 2002, the prevalence of low birth weight (LBW; births weighing < 2500g) births 

increased by 18% to 7.9% in 2003 from the 1984 low of 6.7% (Martin et al. 2003).  During this 

time period, the prevalence of very low birth weight (VLBW; births weighing <1500g) births 



Birth Weight, Achievement, & Life Chances  P a g e  | 3 

 

was largely stagnant, although there was an increase from 1.14% in 1980 to 1.47% by 2004.1  

With nearly 325,000 LBW births annually (Martin et al. 2005), a large number of U.S.-born 

children are at risk of schooling complications before leaving the hospital. 

 The academic performance of LBW children relative to their NBW peers is an important 

issue for parents, educators, and the doctors who decide the necessity of special medical or 

educational services (Klebanov et al. 1994a). Studies suggest that lower birth weight children are 

at greater risk for school-related problems than those born heavier, and the risks appear to 

increase as birth weight decreases (Reichman 2005; McCormick et al. 1994; Klebanov, Brooks-

Gunn, and McCormick 1994a,b; Hack, Klein, and Taylor 1995).  Not surprisingly, given the 

birth weight gradient on cognitive skills, the school achievement and performance of lower birth 

weight children is inhibited both in childhood (Klebanov, Brooks-Gunn, and McCormick 1994a; 

Klein, Hack, and Breslau 1989) and adolescence (Boardman et al. 2002). Outcomes in young 

adulthood are also implicated since sibling birth weight discordance has been associated with the 

likelihood of high school graduation (Conley and Bennett 2000, 2001). 

 The mechanisms by which birth weight results in decreased achievement and life chances are 

not entirely clear, particularly for the larger LBW children.  Children born premature, 

predominantly smaller VLBW infants, often have immature lungs which can lead to birth 

asphyxia
2
 and other complications (e.g., severe periventricular hemorrhage) which can result in 

severe trauma (Hack et al. 1995).  The “fetal origins” or “Barker hypothesis,” which has been 

advocated as an explanation for a number of adult-onset chronic diseases, suggests that the 

factors causing LBW may also increase risk for developmental problems (see Barker 1995; 

                                                 
1
 Notably, the proportion of LBW births is influenced by the multiple birth rate, which has been increasing since 

1980 (Martin et al. 2005; Hoyer et al. 2006).  Between 1990 and 2002 the singleton LBW rate rose from 5.90% to 

6.12%, and the singleton VLBW prevalence increased from 1.05 to 1.11% (Martin et al. 2005). 
2
 Birth asphyxia can occur for a number of other reasons, including maternal low blood oxygen do to respiratory or 

heart problems, low blood pressure, poor placental function, and other complications. 



Birth Weight, Achievement, & Life Chances  P a g e  | 4 

 

Barket et al. 1993; Godfrey and Barker 2001).   The basic mechanism proposed surrounds fetal 

nutrition, which can vary and may not be sufficiently supplied to the placenta at important 

developmental stages.  This supply-demand mismatch may impact fetal growth negatively and 

result in long term physiological problems like cardiovascular disease or obesity, but may be 

manifest early in life as developmental delay or complications (e.g., Nathanielsz 1995).    

 Of course, the processes of fetal growth and birth timing are not fully understood, which 

complicates our biological understanding of the pathways through which birth weight influences 

subsequent development (Nathanielsz 1995).  Social factors also appear to play an important role 

in infant health (e.g., Hughes and Simpson 1995; Paneth 1995) and may indicate that some of the 

developmental consequences of birth weight are a result of social factors which are not always 

adequately measured and accounted for in statistical analyses.  Children by social class and 

racial/ethnic background are not at equal risk for LBW, with those facing the most detrimental 

social conditions also more likely to be born prematurely and/or of lower birth weight (Paneth 

1995; Cramer 1995; Sastry and Hussey 2003).  Gaps in birth weight among social, economic, 

racial/ethnic groups, and geographic areas have not substantially lessened in recent years despite 

increased medical care expenditures (Marmot et al 1987; Hahn et al 1995; Pappas et al 1993; in 

Gortmaker and Wise 1997), and may in fact be increasing as a result of welfare reform (Kaestner 

and Lee 2003). Children who grow up in disadvantaged backgrounds are at increased risk of 

lower achievement and developmental problems resulting from a lack of resources, physical 

health problems, poor school environments, overcrowding, and less favorable home 

environments (Duncan and Brooks-Gunn 1997).  

 Parents with fewer economic resources have a higher prevalence of mental and physical 

health problems which contributes to potential declines in both employment and the ability to 
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effectively parent and invest in children’s developmental and academic well-being (McLoyd 

1998).  In addition to objective poverty measured by income, socioeconomic status (or a family’s 

placement in a hierarchy based on access to valued commodities such as wealth and status) is 

seen as an indicator of economic advantage or disadvantage in families (Duncan et al. 1994; 

Brooks-Gunn, Klebanov, & Liaw 1995). Prior research addressing poverty and child 

development emphasizes the importance of poverty and deprivation in setting children on a 

trajectory that is not easily remedied.  Children experiencing financial and other forms of 

disadvantage enter school with educational (Lee and Burkham 2002; Cheadle 2007) and 

cognitive deficits relative to their more advantaged counterparts (Smith, Brooks-Gunn, and 

Klebanov 1997; Mayer 1997), and at least part of the influence of birth weight on development 

and high school completion may be a result of these factors. Having a LBW child is correlated 

poverty exposure and can have potentially far reaching effects on later educational outcomes 

(Conley and Bennett 2000).  There is evidence that LBW is significantly associated with lower 

test scores in early and middle childhood (Boardman et al. 2002), especially for children who are 

considered VLBW, based on an array studies examining the risk associated with birth weight 

status (Hack et al. 1995), although adjustment for social correlates appears to reduced birth 

weight gradients.   

 Parents who have more access to economic and educational resources are more likely to 

provide their children with improved schooling environments, choose to send their children to 

better schools, live in safer neighborhoods, and have access to health care they may not 

otherwise be able to afford.  Additionally, parents with more resources are also able to 

accommodate their children’s educational “styles” or predilections, allowing them to self-select 

the materials they find the most engaging (Guo and Harris 2002). While providing these 
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amenities for their children, they may also have the time and ability to invest more in their 

children (i.e. Lareau’s [2003] “concerted cultivation; see also Chin and Phillips 2004), which 

may indicate that family circumstances can “buffer” the negative effects of birth weight on 

educational outcomes.  Admittedly, the data suggesting that birth weight and family 

circumstances interact is sparse (e.g., Hack et al. 1995), although research with large samples 

and sufficient statistical power are relatively rare in moderation studies.  As Conley and Bennett 

(2001:451) note, understanding the interactions between birth weight and family circumstances 

is “potentially of great import from a policy perspective… [T]he additional knowledge gained 

allows us to focus more precisely on those families at high risk and thus greater efficiency in the 

efforts to address low birth weight and its harmful consequences.”   

2.1 The Contribution 

Perhaps somewhat surprisingly, as noted above, the social correlates of lower birth weight are 

not as well understood as one might suspect (Paneth 1995), and while disadvantage on a variety 

of social characteristics appear to be related to birth weight, there are probably important family 

characteristics that remain unmeasured in existing data sources.  Conley et al. (2003) 

persuasively argue that sibling comparison models are a useful “natural experiment” that can be 

used to account for many unobserved characteristics that similarly influence siblings, including 

much genetic variation.  Economists have made similar arguments, responding, in particular, to 

concerns about omitted variable bias (Behrman and Rosenzweig 2004).  For example, babies 

born to mothers who smoke are at risk of being LBW, while mothers who smoke during 

pregnancy may have other parenting characteristics that are unknown or difficult to measure that 

also impact their children’s academic development.  As a result, these unmeasured characteristics 

may culminate in increased risk for school failure, decreasing the chances that their children will 
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graduate from high school on time.  Not accounting for these traits could lead to over estimates 

of the relationships between birth weight and schooling outcomes, and sibling comparison 

studies represent one possible approach to accounting for these potentially omitted factors.  In 

addition, because experimental manipulations are difficult to envision for moral reasons, sibling 

comparisons represent one of the best research designs for understanding the impact of birth 

weight on development and constitute a marked improvement over much of the previous work 

exploring birth weight associations.  

 Both Conley and Bennett (2001, 2000) and Boardman (2002) make use of sibling samples in 

the PSID and CNLSY79, respectively.  Whereas Conley and Bennett (2001; Conley et al. 2003) 

make direct sibling comparisons in their study, Boardman et al. stopped short of directly 

contrasting siblings because their approach did not use either an appropriate centering or mean-

adjustment strategy that explicitly accounted for unobserved family characteristics.
 3

  Although 

Conley and colleagues directly compared siblings with respect to high school completion, their 

approach treated between family processes largely as nuisances and they were unable to account 

for developmental processes (e.g., reading achievement growth).  Furthermore, their results are 

anomalous in that birth weight gaps became larger after they included the family fixed-effects—

a situation suggesting that omitted between-family variables actually bias the birth weight and 

high school completion association downwards.  Notably, this relationship pattern is far different 

than that suggested by other studies, including that of Boardman et al. (2002), who find, 

                                                 
3
 See Allison 2005. Because random intercept models assume that the error terms, in this case family-specific 

heterogeneity, is uncorrelated with measured characteristics, these family characteristics are not accounted for as 

they are in models which include family-specific dummy variables to explicitly model this heterogeneity (e.g., 

econometric fixed-effects), or within which family-means of exogenous covariates are explicitly accounted for.  

Because of this, Boardman et al. (2002) estimate a family variance component, but do not account for omitted 

family variables in their analysis, which means that there estimates reflect weighted averages of the between-

siblings and between-family effects (Raudenbush and Bryk 2002). Their estimates are also not true growth model 

estimates since both time and wave (e.g., year of assessment, 1986, …, 1996) are counfounded in the panel structure 

they employ and the model only contains a random intercept.  
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consistent with the normal arguments about omitted variable bias, that birth weight gaps shrink 

(rather than get larger) when between-family characteristics are adjusted for, indicating that at 

least part of the birth weight effect is due to other characteristics of children’s lives. 

 These different patterns of change birth weight effect estimates when family characteristics 

are incorporated into the model may result from the different samples used, or even more directly 

because both studies used different outcomes.  Boardman et al. (2002), along with other studies 

of birth weight and development (e.g., Padilla et al. 2002; Gorman 2002), are unable to look at 

the consequences of development for life chances, while the converse holds true for Conley and 

Bennett (2001, 2000) who are unable to ask whether birth weight effects on attainment or timely 

high school completion operate through development.  We ask both questions of development 

and timely high school completion, and like Conley and Bennett (2001, 2000; Conley et al. 

2003) we compare siblings to better account for potentially difficult or unobservable family 

characteristics, including predictors of development that vary between-siblings in order to adjust 

for the differing family circumstances experienced by siblings of different ages.  In addition, we 

also look for birth weight interactions with children’s early home lives (HOME scores, poverty, 

and income) to ask whether the effect of birth weight is consistent across social groups or 

whether some children appear to be at greater risk for developmental problems and lowered 

attainment.  Furthermore, because understanding which social conditions are related to birth 

weight gaps in children’s educational outcomes indicates important patterns of social 

disadvantage, we also elaborate the between-family model to gain insight into which 

characteristics that vary between families differentiate average family educational achievement. 
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3 Data & Methods 

The following analyses use data from the National Longitudinal Survey of Youth 1979 

(NLSY79) adult cohort and their children in the Child and Young Adult Supplement 

(CNLSY79).  The data, collected by The Center for Human Resource Research (CHRR) at Ohio 

State University, began in 1979 with a sample of approximately 12,600 respondents between the 

ages of 14 and 21, and includes an oversample of African American and low-income families.  

Extensive information on employment, education, cognitive skills, training, and family 

experiences were collected at the early waves, and in 1982, the survey also began including 

information about pregnancy, postnatal fertility, and childcare experiences of the female 

respondents.  The survey began biennial assessment of all children of the NLSY79 mothers 

starting in 1986, and included information on child health and background along with responses 

from children to assessment items and interviewer observations in the child’s home environment.  

The child supplement also included assessments of achievement on the Peabody Individual 

Achievement Test (PIAT) in math, reading comprehension, and reading recognition.  Additional 

information was gathered from the Home Observation Measurement of the Environment 

(HOME), items on child’s temperament, motor and social development, and behavioral problems 

using the Behavioral Problems Index (BPI), and information on school and family background, 

making the CNLSY79 amongst the largest and most thorough developmental data source 

available to researchers. 

 For the following analyses we construct a wide, multivariate file where repeat observations 

are indexed as columns using age as the meaningful, developmental time metric and index.  In 

order to accomplish this, we first created longitudinal files which contained the available 

information on all child covariates used in the analysis.  We used this longitudinal file to create 



Birth Weight, Achievement, & Life Chances  P a g e  | 10 

 

averages which were used to identify the early childhood variables, such as the average early 

childhood HOME environment (below).  Next, we dropped periods missing observations on the 

reading recognition dependent variables so that the file contained an observation for each child at 

each observation point.  This stage amounted to deleting child-specific observations which 

would not contribute to the subsequent analysis.  From this longitudinal file we created a series 

of 2 year age-groups by binning children in order to reformulate the time metric from “wave” to 

“age”, the more relevant temporal metric.  Properly binning children was important because 

CNLSY79 measured children at different ages at different waves.  We then converted the file to 

a “wide” format, so that age groups, rather than indexing data rows within children, indexed 

variable columns within children.  This resulted in a base file of 7667 cases, which was further 

reduced to 5938 cases after deletion on missing independent variables, in 2796 families.  The end 

result was a file with 4973 observations for the first age group (age 5), 4843, 4509, 3808, and 

2694 child-observations for the remaining age groups.  The sample was about 30% black and 

20% Hispanic.  Longitudinal and cross-sectional descriptive statistics are presented in Tables 1 

and Table 2, respectively. 

3.1 Dependent Variables 

We analyze two dependent variables in this paper.  The first of these is the PIAT reading 

recognition score, which we chose for consistency with Boardman et al. (2002) who analyzed 

this outcome using the 1986-1996 waves of the CNLSY.  PIAT Reading Recognition measures 

children’s word recognition and pronunciation ability using a battery of 84 items increasing in 

difficulty from preschool to high school levels.  The test is age appropriate at base and reaches a 

ceiling once a child answers five out of seven questions incorrectly.  We use the raw score, 

which is the number of correct responses between the base and the ceiling, and explicitly account 
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for age in the structure of the growth model (defined below).  Descriptive statistics for reading 

recognition appear in Table 1 for the total sample, in family deviations, and for family averages.  

Children’s scores increase steadily, although slightly nonlinearly, between ages 5
4
 to 14.  

Additionally, there is considerable heterogeneity in scores between siblings as can be seen from 

the standard deviations from the within-family or level-1 panel, and between families (standard 

deviations in the between or level-2 panel). 

(Table 1 about here) 

 High school completion is an important life cycle milestone, one that punctuates the long 

developmental process of academic achievement.  We construct an indicator of whether or not 

the youth of the CNLSY who reached age 19 at or before the 2004 wave of data collection had 

not received a high school diploma or completed a GED (0=completed HS/GED, 1=did not).  

Although this coding leads to somewhat obtuse wording, it also leads to easier interpretation of 

the coefficients presented later.  As shown in Table 2, about 17% or 529 of the 3,040 young 

adults in our sample age 19 or older had not completed high school or obtained a GED by 2004. 

(Table 2 about here) 

3.2 Independent Variables 

We incorporate both time-invariant and time-variant predictors of reading development that are 

allowed to vary within- and between-families.  The total and within-family birth weight 

distributions are presented in Figure 1, while the descriptive statistics for birth weight and the 

other covariates appear in Table 2.  Birth weight is transformed for the analysis by subtracting 

2500g and dividing by 1000, so that parameter estimates reference children at the low birth 

weight borderline and so that expected increments are in 1000g (grams) units, which means that 

                                                 
4 

Children are actually about age 6 here, but we use the category similar to that for the growth models, where we use 

a centering strategy so that the intercept references age 5.  
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+1 references approximately average birth weight children, while a value of -1 for birth weight 

references children at the very low birth weight cutoff of 1500g.  Birth weight
2
 is also included to 

allow the relationships between birth weight, reading development, and high school completion 

to be nonlinear.  We chose a quadratic formulation both because it mapped relatively well onto 

nonparametric estimators (e.g., Lowess curves) of the relationship between birth weight and 

reading recognition scores and because cell frequencies using traditional birth weight 

categorizations using dummy variables for LBW and VLBW children were sparse in the sibling 

sample for the VLBW categorization.  The average child weighted over 3300g, and the birth 

weight distribution of the CNLSY79 covers a broad range of birth weights, although few VLBW 

children are included in the survey because birth weights that low are relatively rare.   The 

continuous formulation allows us to make full use of the birth weight heterogeneity in the 

sample, and, as can be seen in the right hand side of Figure 1, there is considerable birth weight 

variability between siblings with a coverage about 2000 grams, which is the approximate birth 

weight difference between average birth weight (e.g., NBW) and the VLBW cutoff. 

(Figure 1 about here) 

3.2.1 Time-Invariant Covariates 

We include early childhood covariates as temporally-invariant predictors of children’s reading 

recognition growth that capture important elements of family life and child experiences that may 

vary between siblings, on the one hand, and that are also known to vary considerably across 

families with implications for youth development.  Within-families we adjust for whether or not 

the child is Female (=1), about 40% of the youth in the sample, and between-families whether or 

not the primary racial designation is black or Hispanic, about 30% and 20% of the youth in the 

sample, respectively, and 26% and 18% of the families.  Between families we also incorporate a 
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standardized measure of maternal Armed Forces Qualifying Test (AFQT) as a measure of 

maternal cognitive achievement.  Both within- and between-families we include a standardized 

measure of the full Early HOME Score, which is the average HOME score for the child at or 

before age 5, within-families, and is the family average in the between-family model.  The 

HOME score is a commonly used measure of the cognitive and supportiveness of the 

environment for children’s development.  We take a similar approach to Early Poverty, coded as 

whether or not the youth experienced a poverty spell prior to or at age 5 (=1), about half of the 

sample, and which is a proportion of .4 across siblings in the between-family model.  Additional 

early-childhood variables include Early ln(Income), which is the natural logarithm of the average 

early childhood income, and whether the child was born to a never married single-mother (=1; 

Early Single Parent), or a divorced mother/parent (=1; Early Divorce), where again the between-

family dichotomous variables are proportions.  Maternal Age is also included since younger 

mothers may be less effective parents, and Birth Order since there may be dilution effects in 

larger families.   

3.2.2 Time-Varying Covariates 

Time varying-characteristics, which are shown in Table 1, include a standardized HOME Score, 

whether the youth experience a Poverty (=1) spell between assessments, the natural logarithm of 

income, ln(Income), at the current wave of assessment, whether the child lived with a never 

married Single (=1) parent, or whether the youth lived with a Divorced (=1) mother or 

parent/guardian.  As shown in Table 1, approximately 25% of the sample was in poverty at any 

given wave, while about 15% of youth lived with single mothers, and about 25% of the sample 

lived with a divorced parent.  Furthermore, there is variation in the time-varying covariates both 

within- and between-families.  Within-family heterogeneity is important because, on the one 
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hand, birth weight associations may be spurious, arising from different family characteristics and 

experiences if they are correlated with birth weight.  On the other hand, the nested design allows 

us to make stronger inferences about these the relationship between these characteristics and 

development because they are based upon between-sibling heterogeneity.  At the same time, 

average family levels of these characteristics may also be useful for understanding between-

family differences in average achievement. 

3.3 Analytic Approach 

The full structural model we estimate to study the relationships between birth weight, reading 

recognition, and timely high school completion is presented in Figure 2.  Although the model is 

somewhat complex, the basic idea of the multilevel-growth model where the growth process is 

modeled between-siblings at level-1 and between-families at level 2 is relatively straightforward.  

Because of this nesting, the growth model appears in two panels, with the top panel capturing the 

within-family, between-sibling model comprising the first level of analysis, and the second panel 

containing the between-family model at level 2.  The between-family level-2 model captures 

average growth with family-specific heterogeneity, while the within-family captures child-

specific heterogeneity, which here is captured by deviations from average family growth. 

(Figure 2 about here) 

 Conceptually, the two-level approach is based upon the decomposition for multilevel 

covariance structure analysis articulated by Muthén (1994; see also Muthén 1997), where the 

total covariance matrix, Σ𝑇 , is decomposed into within- and between-covariance matrices, 

Σ𝑊 + Σ𝐵.  The important aspect of this decomposition, for our purposes, is the orthogonal 

construction of the estimator of Σ𝑊 , 𝑆𝑊 , which is defined as 
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𝑆𝑊 =  𝑁 − 𝐺 −1    𝑦𝑔𝑖 − 𝑦 𝑔  𝑦𝑔𝑖 − 𝑦 𝑔 ′
𝑁𝑔

𝑖=1
𝐺
𝑔=1 , (1) 

where N is the total sample size, G is the number of groups, g indexes group, and i indexes 

observations.  Given this indexing, 𝑦𝑔𝑖  is the value of y for child i in family g, and 𝑦 𝑔  is the mean 

of y for family g.  The total covariance matrix used in single-level or aggregated analysis 

replaces 𝑦 𝑔  with the sample mean, 𝑦  (e.g., Bollen 1989).
5
   

 This construction of the pooled-within covariance matrix is important because it leads to an 

intuitive interpretation of focal model parameters based upon sibling differences in the within-

family model, and between-family average differences at level-2.  Notably, this orthogonal 

construction, which explicitly accounts for family means in the estimation of within-family 

parameters, produces results analogous to econometric fixed-effects estimates (i.e., models 

including a dummy variable for each family) for simple single-outcome regression models with 

random intercepts.
6
  In the present example, this means that level-1 parameters represent 

expected differences between siblings (i.e., sibling fixed-effects), which Conley and Bennett 

(2001, 2000; Conley et al. 2003) have made such good use of in their birth weight analyses.  

When group-means are related systematically to processes, such as the achievement processes 

we study here, and they are not accounted for, regression parameters may be biased because the 

error terms and the covariates of interest are correlated.  This is why fixed-effects and random-

intercept estimators often produce different parameter estimates (see Allison ; Raudenbush and 

Byrk 2002).  For example, although Boardman et al. (2002) account for family nesting using 

random intercept models, they do not address average differences between families, which may 

                                                 
5
 We do not discuss the construction of 𝑆𝐵 , the estimator of Σ𝐵  here because it is not relevant to the substantive 

dimension of our analytic approach.  For further details see Muthén (1994: 384). 
6
 We note that one does not need to use orthogonal variance decomposition.  Adjusting for group-means within the 

regression and including random intercepts will result in identical estimates within a small margin of error.  At the 

same time, the level-2 group-means will then be interpreted as contextual rather than between-family effects (e.g., 

Raudenbush and Bryk 2002).   
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have resulted in biased causal birth weight estimates if average family birth weight is related to 

average family achievement and characteristics accounting for this correlation are not included 

as covariates or by the research design per se. 

 Returning to Figure 2, the picture illustrates that reading recognition growth across childhood 

and into adolescence is modeled using a residual free-loading growth model.  Development is 

captured with an intercept and growth factor, where the factor loadings for the intercept are set 1 

to define achievement at time 1, while the first loading between the growth factor and 

achievement is set to 0 and the final loading is set to 1, with the three intermediate loadings 

freely estimated.  This coding allows growth to be nonlinear and means that the parameters are 

interpreted as (a) initial status at age 5, and (b) growth by age 14.  Because children are assessed 

at different ages within an age group, age is included as a time-changing covariate and centered 

around ages 5, at the first occasion, 8, 10, and 12 at the intermediate occasions, and 14 at the last 

occasion.  This method is employed to (a) reduce heterogeneity in the growth parameter 

estimates which are due to variation in age at assessment within age-groups, and (b) so that the 

growth parameters have clear interpretations.  The growth parameters are modeled as a function 

of birth weight, birth weight-squared, and early childhood characteristics which in many cases 

vary within families and between-siblings.  In addition, the model in Figure 2 is a residual 

growth model since the age-specific reading recognition measurements are directly regressed 

upon time-changing covariates. 

 There are also small circles and squares depicted in the within-family model.
7
  These 

represent, in the case of the circles, group-means which are allowed to vary across families as 

latent variables, and which are treated as observed means for the small squares.  Together, these 

circles and squares in the within-family model represent the circles and squares depicted in the 

                                                 
7
 For comparison purposes, we also include single-level or aggregated analyses with robust standard errors. 
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between-family model, which defines the growth of average family achievement (and also 

indicates, per equation 1, that the within-family variables are in family-deviation form).  The 

between-family model is parallel to the within or level-1 model where the growth parameters are 

regressed on the temporally invariant characteristics (e.g., birth weight) and characteristics that 

are largely invariant within families (e.g., race/ethnicity and maternal AFQT). In addition to the 

growth model structure, there are additional paths depicted in Figure 2.  For example, there are 

paths between the time-varying characteristics (except for age deviations at assessment), 

indicating temporal dependencies which allow us to build missing-data into the model.  

Missingness on time-changing covariates quickly reduces the samples size when information is 

taken across multiple age groups since a case is dropped from the analysis for any missing values 

on the independent variables.  

 There are also paths in both the within- and between-family models connecting both the 

growth parameters and birth weight covariates to timely high school completion/GED, while the 

small circle indicates that high school completion has a random intercept.  In this formulation, 

high school completion is incorporated into the model structure as a distal outcome, or outcome 

of a growth process and birth weight.  This part of the model allows us to explicitly relate 

attainment to the developmental process which is comprised of the growth model. 

 Model building proceeded in a number of stages, first comparing aggregate or single-level 

growth models (Muthén [1997] refers to single-level models when the data is nested as 

“aggregated” models), then building the multilevel parameterization.  The basic aggregate free-

loading growth model incorporating age deviations from age category means as time changing 

covariates to account for age heterogeneity at time of measurement performed adequately for 
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reading recognition
8
 (𝜒2[279.9, 𝑑𝑓 = 17, 𝑠𝑐𝑎𝑙𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 = 1.068], RMSEA=.050, 

CFI=.980, TLI=.958, BIC= 159,753.8). The two-level formulation also fit well (𝜒2[559.2, 𝑑𝑓 =

38, 𝑠𝑐𝑎𝑙𝑖𝑛𝑔 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 = .970], RMSEA=.048, CFI=.961, TLI=.954, BIC= 142851.3) 

and the Bayesian Information Criterion (BIC; Schwarz 1978; Raftery 1995) improved 

substantially between models, suggesting better performance for the two-level than single level 

specification. 

4 Results 

4.1 PIAT Reading Recognition Growth 

Results for the reading recognition analysis appear in Table 3 for the growth model, while 

parameters associated with the residualizing or time-changing part of the model are shown in 

Table 4.  Models M-1 and M-2 are aggregated or single-level models with robust standard errors 

accounting for the family clustering, while results for the multilevel models appear in the model 

columns labeled M-3 and M-4.  The descriptive results for model M-1 indicate that in the 

population-based regression estimates birth weight is related to children’s reading recognition 

skills both at age 5 and subsequently as children age over the next 9 years.  The estimated gap 

between children at the low birth weight cutoff (LBW: 2500 grams) and normal birth weight 

children (NBW: 3500 grams) is .8 points, or .16 standard deviations (with respect to the initial 

status variance component, model M-1).  Because the relationship between birth weight and age 

5 skills is nonlinear, the gap between LBW and children at the very low birth weight cutoff 

(VLBW: 1500 grams) is even larger, about 1.7 points or .35 standard deviations, while the 

VLBW-NBW gap is expected to be about 2.5 points or .5 standard deviations.  The impact of 

                                                 
8
 All analyses were conducted using Mplus v4.21 and unless otherwise noted use the MLR estimator which provides 

robust (sandwhich) standard errors and chi-square statistics  (Muthén and Muthén 2006). 
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birth weight on subsequent growth is similarly large with an estimated LBW-NBW growth gap 

of a 2.4 points or .21 standard deviations (with respect to the variance of the growth factor, 

model M-1), over a 4.2 or .36 standard deviation average VLBW-LBW gap, and 6.6 point or .56 

standard deviation VLBW-NBW gap.  Birth weight, descriptively, has a nontrivial association 

with reading recognition development from age 5 through 14. 

 Model M-2 adds the early childhood and contemporaneous, time-varying predictors.  

Because race/ethnicity and maternal AFQT do not vary within-families, the coefficient estimates 

for these parameters are shown below the other coefficients in the column in the between-family 

panel.  The birth weight associations with initial status and growth are non-trivially mediated 

with the inclusion of the family circumstance variables by about 40% for the age 5 disparities.  

The decrease in the growth gaps is larger, about 60% between LBW-NBW children, 46% 

between LBW-VLBW children, and 51% between VLBW-NBW children.   

 Maternal cognitive scores (AFQT) and the early home environment play the strongest 

mediating roles, both of which have strong positive associations with reading recognition skills 

at age 5 and subsequent growth.  Although black children grow more slowly than their white 

peers—the magnitude of the growth gap is larger than the LBW-NBW disparity from M-1, even 

after account for family circumstances, the black coefficient for age 5 scores is large and positive 

in M-2.  This finding arises when maternal AFQT is entered into the equation, and stands in 

contrast to much previous work which has found that maternal cognitive scores mediate but do 

not account for the black-white gap (e.g., Farkas and Beron 2004; Jencks and Philips 1998; Guo 

1998), and arises because of the substantial black-white differences in the maternal AFQT 

distribution.  The finding is similar for Hispanic growth, although maternal AFQT accounts for 

the Hispanic-white gap at age 5.  Other family characteristics are also associated with children’s 
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reading recognition trajectories.  Youth born to older mothers have higher average first grade 

scores, while birth order captures a countervailing force since older siblings have lower 

achievement across childhood and into adolescence.  Notably, girls record higher early scores 

and grow more quickly than their male counterparts.  

 A comparison of the birth weight coefficients between models M-2 and M-3 suggests that the 

control variables we use in this analysis largely account for unobserved family characteristics 

confounding with initial status, although the coefficients are somewhat smaller in M-3.  

Accounting for factors that may vary between-siblings contributes little to the birth weight 

estimates and the expected birth weight gaps (M-4).  For example, the VLBW-NBW age 5 gap in 

M-3 is 1.33 points, while in M-4 the gap is 1.48 points, which is slightly larger because the linear 

term increases between equations and the quadratic term decreases in magnitude.  Thus, despite 

accounting for between-sibling variation in the home environment and family circumstances, our 

best causal birth weight estimates are improved little beyond M-3.  The large linear birth weight 

associations reported in the between-family model are indicative of the between-family bias 

modeled directly in equation M-2 through the covariance structure of the independent variables.  

Differences in average achievement between families with different average birth weights are 

quite large, although the estimated average gaps are reduced by between 40-65% when 

accounting for between family variation in maternal AFQT, the HOME score, race/ethnicity, and 

the other covariates.  Together, the other parameters in M-4 are relatively consistent with those 

reported in M-2, despite the orthogonal variance decomposition upon which these results are 

based.    

 The parameters for the time-changing covariates, upon which the age-specific reading 

recognition scores were directly regressed, are displayed in Table 4.  The story told in this table 
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is straightforward, indicating that the home cognitive environment continues to play an active 

role in youth reading recognition development across childhood and into early adolescence (M-

2), and that variation contributes to differentiation both between siblings and between families 

(M-4).  Notably, however, the within-family, between-sibling influence of the home environment 

may be endogenous since children actively contribute to the home environment and within-

family variation may result from children themselves and not from sibling-constant variation 

parent engagement in the creation of the home environment. 

4.2 Reading Achievement & Birth Weight Moderation 

We test for interactions between birth weight and achievement by race/ethnicity, early childhood 

HOME score, early childhood poverty, and early childhood income using Wald tests.  Models 

for these results included only the time changing age-variation measures, birth weight, the 

characteristic main effects, and the interaction terms, interacted with both the linear and 

quadratic birth weight terms.  Results are presented in Table 5.  There is little evidence that the 

impact of birth weight on reading recognition development, in either the aggregate single-level 

models, between-siblings, or regarding average achievement between families, is moderated by 

race/ethnic status, the early home environment, the experience of poverty in early childhood, or 

average early childhood income.  The only exception is evidence of an interaction between birth 

weight, income, and between-sibling growth variation.  This result, however, was not robust 

across model specifications. The developmental consequences of birth weight for youth reading 

recognition appear to be consistent across a range of family characteristics. 

4.3 High School Completion 

One of Conley and Bennett’s (2000) major findings using the PSID is that birth weight appears 

to be a very strong predictor of between-sibling variation in high school completion.  We 
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elaborate Conley and Bennett’s work in Table 6, again making use of continuous birth weight 

measures.  The birth weight estimates for the aggregate models are significant (M-1), until 

children’s reading recognition trajectories are adjusted for (M-2; see Figure 2.  Note, also that the 

variances of the growth parameters are standardized to facilitate interpretation).  Model M-3 and 

M-4 estimates are based upon a random-intercept model including sibling and between-family 

birth weight heterogeneity, suggesting that smaller siblings are less likely to graduate by age 19, 

and that youth from families with smaller average birth weights are also less likely to graduate 

on time.  However, once again, the relationship between birth weight and high school completion 

is accounted for by youths’ developmental trajectories.  Thus, these simple models suggest that 

birth weight is associated with high school completion through past academic performance. In 

addition, reading skills at age 5 predicts variation between siblings, while growth does not, 

which indicates the important role of childhood learning in attainment processes. 

 Conley and Bennett (2001) also suggest that income may act as a developmental buffer, 

although their results suffer from a lack of statistical power and the results do not persist for their 

most persuasive fixed-effects model.  In Table 7 we report Wald tests for interactions between 

birth weight and the early childhood home score, early childhood poverty, and early childhood 

income.  Once again, we find little evidence of birth weight moderation, particularly in the 

conceptually stronger multilevel models, at either the between or within levels. The influence of 

birth weight on educational attainment appears to be constant across a range of family 

characteristics. 

5 Discussion  

In this paper we have updated the social science literature on the influence of birth weight on 

academic development and life chances (e.g. Conley et al. 2003; Conley and Bennett 2001, 2000; 
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Boardman et al. 2002).  We focused primarily on a small cadre of high quality studies by social 

scientists to situate and guide the model formulation, integrating the outcomes and analytic 

approaches into a single framework.  This approach has made use of the sibling sampling of the 

CNLSY79, treating this clustering as a “natural experiment” useful for drawing causal inferences 

about the relationship between birth weight and timely high school completion.  Because low 

birth weight has proven difficult to prevent and it is difficult practically and morally to imagine a 

clear experimental birth weight manipulation on human subjects, sibling comparisons are one of 

the most fruitful current approaches to the study of childhood health, development, and life 

chances.  However, because sibling comparisons are not perfect, we also included within-family, 

between-sibling variation in important predictors of development to further reduce bias in our 

birth weight estimates. 

 Like Boardman et al. (2002), the results of the aggregated (single-level) analyses indicated 

that descriptive growth models predicted nontrivial birth weight gradients in children’s reading 

recognition growth by age 5, although unlike Boardman et al., who find that gaps do not grow 

and may even shrink over time, we find that gaps continue to increase through age 14.  Our 

results could differ because Boardman and colleagues used percentile scores, which are by 

definition bounded (e.g., ceiling and floor) so that change overtime within age groups was 

concealed by regression to the mean.  Furthermore, the panel structure employed by Boardman 

and colleagues confounded time as measured by year of observation and children’s age of 

observation, which may also have obscured the relationship between development and 

achievement.  Although reduced in magnitude after comparing siblings, we find that the birth 

weight gradients with early achievement and growth persisted across model specifications.  In 

addition, including within-family variation had only small influences on the birth weight effect 
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estimates.  Thus, our best causal birth weight estimates relying on sibling comparisons with 

explicit attempts to model within-family heterogeneity suggests that lower birth weight children 

have poorer reading skills at age 5 and that, furthermore, these children acquire fewer skills as 

they develop through age 14.   

 How important are these differences?  The expected age 5 gap between children at the LBW 

cutoff of 2500g and a 3500g child is about .14 standard deviations (M-4, Table 3, using the 

variance components from M-1 to standardize), while the gap between LBW and VLBW (1500g 

cutoff) children is .16 standard deviations, and the VLBW-3500g gap is .3 standard deviations.  

Although not enormous, these early learning differences are nontrivial and suggest important 

developmental consequences for children born smaller.  The growth effect-size gaps from age 5 

through age 14 are smaller, but further illustrate developmental differentiation by birth weight 

over time.  For example, although the standardized growth gap between LBW-3500g children is 

approximately .08 standard deviations, the VLBW-3500g is estimated at over .2 standard 

deviations.  These effects are not overwhelming, but they are indicative of a pattern of 

disadvantage that persists across childhood and into early adolescence, and suggest that very 

small children experience important developmental delays throughout childhood and into the 

teenage years. 

 Furthermore, the developmental consequences of birth weight extend beyond development 

with implications for life chances.  In accord with Conley and Bennett (2000, 2001; see also 

Conley et al. 2003), we also found that sibling birth weight differences are related to the 

probability of timely high school completion or GED acquisition.  However, we integrated the 

model of reading development into the estimation of timely high school completion, finding that 

the birth weight gradient in completion is fully mediated by youth’s reading trajectories.  This 
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pattern of findings paints the clearest picture yet of a pattern of childhood health disadvantage 

extending into early adulthood through the development of academic skills as youth age.  The 

importance of early childhood in attainment was also illustrated by the fact that children’s 

reading skills at age 5 distinguished siblings, while subsequent growth variation between siblings 

was not related to high school completion. 

 The reach of birth weight into both childhood and young adulthood appears to be systematic, 

and we find little evidence that these effects are moderated by family characteristics.  Others 

have suggested that the influence of birth weight may be graded by other indicators of family 

circumstances (as noted in Hack et al. 1995), and Conley and Bennett (2001) report a mixed 

indication that birth weight and income interact.  We find few indications that the influence of 

birth weight on both reading skill development and timely high school completion varies 

according to family income early in children’s lives, by the experience of a poverty spell before 

age 5, the early home cognitive environment, or race/ethnicity.  The influence of birth weight 

appears to consistently influence children similarly.  This appears to be true when we compare 

variation in these characteristics (except for race/ethnicity) between-siblings, and also when we 

compare average trajectories between families. 

 The approach we utilized allowed us to look at both sibling and between-family variation in 

birth weight, family characteristics, and achievement.  Large between-family differences in 

growth were reported, and these between-family differences in growth lead to bias in birth 

weight estimates if not accounted for, although as we show, the covariate list we use accounts for 

much of this bias in single-level analyses.  Nonetheless, families with small average birth 

weights have much lower average achievement, although between-family gaps appear to be 

related to the racial background of the family (i.e., black children are at much greater risk for 
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lower birth weight [Hoyert et al. 2006]), differences in the home educational environment, and 

maternal cognitive scores as measured by the AFQT.  Although income was related to average 

family growth, supplemental analyses suggest family economic circumstances operate indirectly 

through the home environment, and as the time changing analysis showed, the home 

environment is the one family characteristic in our models that continued to influence 

achievement in early childhood and over time. 

 The study is limited in a number of ways, of course.  There may be important characteristics 

that vary between siblings that we were unable to account for that were not picked-up by the 

included variables.  For example, the HOME inventories we use to control for variations in the 

home environment may not fully or adequately capture different patterns of parental investment 

related to birth weight.  Parents may disinvest in smaller children, although patterns of 

investment may be mixtures in the population, with subsamples of parents increasing 

investments in smaller children with the hope that they can make up for or ameliorate 

developmental disadvantage.  The implications are not completely clear, and parent investments 

will be endogenous to the extent children themselves impede or encourage investment (e.g., Chin 

and Phillips 2004).  In addition, because the smallest children who are at risk both for health and 

academic complications are quite rare in the population, they are not well-represented in this 

particular survey.  However, in this study were are able to account for a broad range of birth 

weights in the U.S. white, black, and Hispanic populations, covering the range of all but smallest 

births, and certainly covering most of the mass of the birth weight distribution.  Given this broad 

coverage and the fact that the very smallest children were not well-represented, these results may 

be more striking for this fact. 
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6 Conclusion  

Small babies began surviving in greater numbers in the 1960’s with the development of a 

regional neonatal care system and the use of ventilators (Horbar and Lucy 1995).  Another 

treatment revolution occurred in the 1980’s with the development of surfactant and other 

steroidal treatments which help infant lungs to mature more quickly so that small babies can 

breathe on their own.  These treatments have improved the infant mortality profile of the U.S. 

even though there has been no improvement in the birth weight profile of the U.S. for many 

years.  Recent research has suggested that welfare reform has resulted in an increase in small 

births (Kaestner and Lee 2003), which means that birth weight appears to be an important risk 

factor for nontrivial numbers of America’s youth at the starting gate. 

 Conley, Strully, and Bennett (2003) show that birth weight appears to be transferred 

intergenerationally, indicating that the transfer of health status has important consequences for 

social attainment and that there is important bidirectionality in the relationship between health 

and attainment.  Taken together, these results and those reported here paint a picture of the 

intergenerational transfer of disadvantage.  Lower birth weight parents are likely to have lower 

birth weight children, with implications for the cognitive skills of both generations, in addition to 

the impact of poorer health and poorer skills on parents and their socioeconomic attainment.  

These disadvantages are likely to accumulate cognitive and financial deficits, which influence 

the home environments parents create for their children, additively influencing children’s 

developmental trajectories along with birth weight deficits.  These smaller youth fall behind 

early, and then continue to fall behind as they age, and many do not finish high school or 

complete a GED as result.   
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8 Figures 

Figure 1: Birth weight distribution 
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Figure 2: Multilevel path model for reading recognition growth 



Birth Weight, Achievement, & Life Chances  P a g e  | 34 

 

9 Tables 

Table 1: Longitudinal descriptive statistics for reading recognition and the time-varying 

covariates for the total, within, and between samples 

Variable 5 8 10 12 14

Total Sample

Age (Sd) (0.51) (0.50) (0.48) (0.44) (0.31)

Reading Recognition Score 17.18 32.68 44.98 53.85 59.81

(Sd) (6.69) (10.60) (12.48) (13.70) (14.22)

Home Score 0.01 -0.01 0.01 0.01 0.01

(Sd) (0.99) (0.99) (1.00) (1.00) (0.99)

Poverty 0.26 0.26 0.25 0.24 0.23

(Sd) (0.44) (0.44) (0.43) (0.42) (0.42)

ln(Income) 10.08 10.15 10.25 10.30 10.34

(Sd) (1.04) (1.02) (1.01) (0.98) (0.96)

Single 0.16 0.15 0.14 0.14 0.13

(Sd) (0.37) (0.36) (0.34) (0.34) (0.34)

Divorced 0.22 0.24 0.26 0.28 0.30

(Sd) (0.41) (0.42) (0.44) (0.45) (0.46)

Within (L-1)

Age (Sd) (0.36) (0.37) (0.35) (0.32) (0.24)

Reading Recognition Score 0.07 -0.12 -0.09 -0.05 -0.18

(Sd) (3.98) (5.89) (6.70) (7.01) (6.61)

Home Score 0.01 0.00 -0.01 -0.01 -0.01

(Sd) (0.42) (0.44) (0.45) (0.46) (0.44)

Poverty 0.00 0.00 0.00 0.00 0.00

(Sd) (0.19) (0.20) (0.20) (0.20) (0.18)

ln(Income) -0.01 0.00 0.01 0.01 0.01

(Sd) (0.44) (0.46) (0.47) (0.41) (0.38)

Single 0.00 0.00 0.00 0.00 0.00

(Sd) (0.09) (0.09) (0.08) (0.07) (0.06)

Divorced 0.00 0.00 0.00 0.00 0.00

(Sd) (0.18) (0.18) (0.17) (0.16) (0.14)

Between (L-2)

Reading Recognition Score 17.59 33.57 46.04 55.10 61.10

(Sd) (5.74) (9.55) (10.99) (12.24) (13.06)

Home Score 0.11 0.08 0.10 0.08 0.08

(Sd) (0.86) (0.88) (0.88) (0.89) (0.89)

Poverty 0.22 0.22 0.20 0.19 0.20

(Sd) (0.38) (0.38) (0.37) (0.36) (0.38)

ln(Income) 10.16 10.23 10.33 10.38 10.40

(Sd) (0.98) (0.96) (0.93) (0.91) (0.89)

Single 0.15 0.15 0.13 0.13 0.13

(Sd) (0.35) (0.35) (0.33) (0.34) (0.33)

Divorced 0.21 0.23 0.25 0.27 0.28

(Sd) (0.38) (0.39) (0.41) (0.42) (0.44)

N  Within (Level-1) 4973 4843 4509 3808 2694

N Between (Level-2) 2576 2472 2255 1962 1564

Age
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Table 2: Cross-sectional descriptive statistics for early childhood characteristics 

Variables Mean/Sd. Min Max Mean/Sd. Min Max Mean/Sd. Min Max

Birth Weight 3313.77 170.10 7597.67 4.02 -1960.84 2891.65 3317.99 907.18 5613.21

(599.22) (330.78) (523.94)

Birth Weight (-2500 & ÷ 1000g) 0.81 -2.33 5.10 0.00 -1.96 2.89 0.82 -1.59 3.11

(0.60) (0.33) (0.52)

Birth Weight2  (-2500 & ÷ 1000g) 1.02 0.00 25.99 0.01 -8.91 16.87 1.02 0.00 9.69

(1.04) (0.62) (0.89)

Female 0.49 0 1 0.00 -0.88 0.83

Black 0.30 0 1 0.26 0 1

Hispanic 0.20 0 1 0.18 0 1

Maternal AFQT, Std. 0.03 -1.24 2.38 0.13 -1.24 2.38

(1.00) (0.99)

Early Home Score, Std. 0.00 -5.84 2.37 -0.01 -3.30 2.29 0.12 -3.54 2.22

(1.02) (0.49) (0.87)

Early Poverty 0.48 0 1 0.01 -0.80 0.83 0.40 0.00 1.00

Early ln(Income) 10.17 0.00 13.87 0.01 -6.81 6.04 10.29 0.00 13.87

(1.07) (0.47) (0.99)

Early Single Parent 0.24 0 1 0.00 -0.80 0.88 0.24 0 1

(0.43) (0.16) (0.40)

Early Divorce 0.10 0 1 0.00 -0.80 0.83 0.08 0 1

Maternal Age 24.36 14 38 0.04 -11.17 12.75 24.86 14 38

Birth Order 1.90 1 8 0.01 -4.89 3.50 1.61 1 6

(1.05) (0.78) (0.59)

Graduated by Age 191 0.17 0 1

Avg. Children Per Mother 2.01 1 9

(0.98)

Number of Mothers 2790

N 5938
1 N=3040

Within-Family Between-Family

Full Sample (L-1) (L-2)

 



Birth Weight, Achievement, & Life Chances  P a g e  | 36 

 

Table 3: PIAT reading recognition residual growth model estimates (N=5947) 

Variables/Parameters

Within-Family Between-Sibling Model

Initial Status (Age 5)

Birth Weight 1.244 (0.186) * 0.760 (0.173) * 0.663 (0.260) * 0.740 (0.243) *

Birth Weight2 -0.468 (0.104) * -0.288 (0.099) * -0.221 (0.147)  -0.063 (0.129)  

Female 0.915 (0.147) * 0.802 (0.180) *

Early Home Score, Std. 0.550 (0.089) * 0.496 (0.132) *

Early Poverty -0.401 (0.268)  -0.500 (0.331)  

Early ln(Income) 0.058 (0.140)  -0.335 (0.132) *

Early Single Parent 0.071 (0.268)  0.505 (0.421)  

Early Divorce 0.283 (0.273)  0.291 (0.419)  

Maternal Age 0.056 (0.025) * 0.052 (0.051)  

Birth Order -0.690 (0.093) * -0.516 (0.173) *

Growth by Age 14

Birth Weight 3.318 (0.507) * 1.630 (0.481) * 1.305 (0.605) * 1.219 (0.594) *

Birth Weight2 -0.894 (0.261) * -0.632 (0.253) * -0.423 (0.293)  -0.266 (0.282)  

Female 1.077 (0.352) * 1.435 (0.411) *

Early Home Score, Std. 1.186 (0.224) * 0.760 (0.324) *

Early Poverty -0.392 (0.526)  0.565 (0.821)  

Early ln(Income) 0.453 (0.235)  -0.137 (0.411)  

Early Single Parent -0.061 (0.579)  -0.215 (1.046)  

Early Divorce 1.454 (0.698) * 1.451 (1.029)  

Maternal Age 0.178 (0.056) * 0.317 (0.123) *

Birth Order -0.799 (0.215) * -0.769 (0.405) *

Between-Family Model

Initial Status (Age 5)

Birth Weight 1.547 (0.275) * 0.858 (0.248) *

Birth Weight2 -0.634 (0.166) * -0.476 (0.145) *

Black 1.791 (0.228) * 1.828 (0.232) *

Hispanic -0.040 (0.230)  -0.126 (0.227)  

Maternal AFQT, Std. 1.442 (0.132) * 1.369 (0.124) *

Early Home Score, Std. 0.526 (0.125) *

Early Poverty -0.105 (0.326)  

Early ln(Income) 0.256 (0.140)  

Early Single Parent -0.162 (0.332)  

Early Divorce 0.152 (0.359)  

Maternal Age 0.053 (0.029)  

Birth Order -0.773 (0.139) *

Growth by Age 14

Birth Weight 4.611 (0.757) * 2.106 (0.709) *

Birth Weight2 -1.373 (0.431) * -0.977 (0.395) *

Black -2.266 (0.588) * -2.224 (0.587) *

Hispanic 1.871 (0.577) * 2.019 (0.568) *

Maternal AFQT, Std. 2.880 (0.269) * 2.898 (0.268) *

Early Home Score, Std. 1.302 (0.292) *

Early Poverty -0.305 (0.649)  

Early ln(Income) 0.594 (0.289) *

Early Single Parent 0.220 (0.673)  

Early Divorce 1.396 (0.861)  

Maternal Age 0.118 (0.063) *

Birth Order -1.213 (0.320) *

* p < .05

Aggregate/Level-1 Two-Level

M-1 M-2 M-3 M-4

Note: Standard errors are in parentheses.

parentheses  
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Table 3 continued: PIAT reading recognition residual growth model estimates (N=5947) 

Variables/Parameters

Growth Parameters

Initial Status (Age 5) 10.598 (0.182) * 10.251 (0.191) * 10.832 (0.275) * 10.482 (0.278) *

Growth by Age 14 48.037 (0.422) * 49.473 (0.477) * 47.630 (0.531) * 49.297 (0.569) *

L-1 Variance: Initial Status (Age 5) 24.474 (1.508) * 19.192 (1.279) * 13.158 (1.271) * 12.340 (1.240) *

L-1 Variance Growth by Age 14 138.989 (4.328) * 113.898 (3.866) * 76.777 (4.265) * 75.246 (4.178) *

L-2 Variance: Initial Status (Age 5) 11.017 (1.528) * 6.841 (1.308) *

L-2 Variance Growth by Age 14 60.088 (4.116) * 37.725 (3.605) *

Variance Explained

L-1 Initial Status (Age 5) 0.010 0.189 0.002 0.027

L-1 Growth by Age 14 0.014 0.184 0.001 0.011

L-2 Initial Status (Age 5) 0.022 0.348

L-2 Growth by Age 14 0.041 0.388

* p < .05

Note: Standard errors are in parentheses.

Aggregate/Level-1 Two-Level

M-1 M-2 M-3 M-4
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Table 4: Coefficients for the time-varying effects for the PIAT reading recognition residual 

growth model 

    M-2     M-4   

Variable b se     b se   

Within-Family, Between-Sibling Model (Level 1)               

  Home Score 0.357 (0.064) * 0.242 (0.097) * 

  Single Mother 0.013 (0.271)     0.238 (0.540)   

  Divorced Mother 0.065 (0.161)     -0.23 (0.259)   

  Poverty 0.238 (0.168)     0.184 (0.250)   

  ln(Income) 0.061 (0.086)     -0.112 (0.119)   

Between-Family Model (Level 2)               

  Home Score         0.423 (0.084) * 

  Single Mother         0.133 (0.321)   

  Divorced Mother         0.186 (0.199)   

  Poverty         0.164 (0.208)   

  ln(Income)         0.079 (0.108)   

                  

Level-1 R2               

  Age 5 0.789       0.673     

  Age 8 0.743       0.589     

  Age 10 0.818       0.687     

  Age 12 0.844       0.73     

  Age 14 0.827       0.706     

* p < .05.  The standard errors are in parentheses.               

Note: The between-level R2 is approximately 1.00               
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Table 5: Birth Weight interactions with early childhood characteristics for the reading 

recognition growth models 

    Aggregate   Two-Level   

    Wald df p-value   Wald df p-value   

                    

Between                 

  Initial Status 8.410 4 0.078   2.630 4 0.622   

  Growth 4.393 4 0.355   0.242 4 0.993   

                    

Within                 

  Initial Status 3.498 2 0.174   2.577 2 0.276   

  Growth 1.988 2 0.370   0.651 2 0.722   

Between                 

  Initial Status         3.370 2 0.185   

  Growth         2.105 2 0.349   

                    

Within                 

  Initial Status 3.020 2 0.2209   0.868 2 0.648   

  Growth 0.024 2 0.9881   3.086 2 0.214   

Between                 

  Initial Status         2.237 2 0.327   

  Growth         0.856 2 0.652   

                    

Within                 

  Initial Status 0.797 2 0.671   1.581 2 0.454   

  Growth 3.656 2 0.161   11.414 2 0.003   

Between                 

  Initial Status         0.079 2 0.961   

  Growth         1.263 2 0.532   
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Table 6: Single-level and multilevel logistic regression models predicting high school 

completion/GED by age 19 (N=2380) 

            

      M-1    M-2    M-3    M-4    

Within-Family Between-Sibling Model                                     

Birth Weight -0.484 * -0.196    -0.339    -0.174    

  [0.118]      [0.133]      [0.228]      [0.233]    

Birth Weight2 0.144 *  0.046    0.296 *  0.193    

          [0.0726]        [0.0819]      [0.141]      [0.142]    

Initial status at age 5          -0.622 *          -0.201 *  

                   [0.0789]                 [0.0943]    

Growth by age 14          -0.312 *          -0.059    

                   [0.0751]                 [0.0821]    

Between-Family Model

Birth Weight                   -0.780 * 0.036    

                    [0.253]      [0.271]    

Birth Weight2                   0.155    -0.083    

                          [0.153]      [0.152]    

Initial status at age 5                            -0.583 *

                                   [0.120]    

Growth by age 14                            -0.644 *

                                   [0.121]    

Intercept -1.325 * -1.670 * -1.741 * -2.339 *

          [0.0913]      [0.102]      [0.153]      [0.189]    

                                    

Standard deviation of Inercept                   1.511 * 1.379 *

                        [0.108]    [0.142]    

* p<0.05

Aggregate Two-Level

Note: Standard errors are in brackets.
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Table 7: Birth weight interactions for high school completion 

      Aggregate   Two-Level   

Model Wald df p-value   Wald df p-value   

Race/Ethnic Interactions 6.42 4 0.170   2.11 4 0.715   
Early Childhood Home 
Score                 
  Within 3.21 2 0.200   2.57 2 0.277   
  Between         0.38 2 0.827   
Early Childhood Poverty                 
  Within 0.77 2 0.679   2.46 2 0.293   
  Between         1.15 2 0.562   
Early Childhood Income                 

  Within 5.45 2 0.066   0.42 2 0.812   
  Between         2.43 2 0.296   
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