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SIBSHIP SIZE AND INTELLECTUAL DEVELOPMENT: 
IS THE RELATIONSHIP CAUSAL? * 

Guang Guo Leah K. VanWey 
University of North Carolina-Chapel Hill University of North Carolina-Chapel Hill 

Previous research has consistently found a negative statistical relationship 
between sibship size and children's intellectual development. Two explana- 
tions have been offered for this finding. The prevailing explanation is that 
the relationship is causal, suggesting that limiting family size would lead to 
more intelligent children. A second explanation maintains that the relation- 
ship is spurious-that one or more undeterminedfactors correlated with fam- 
ily size are causally related to intellectual development. Using data on chil- 
dren from the National Longitudinal Survey of Youth, we reexamine the issue 
using change models. These change models allow us to control for such un- 
measured effects as family intellectual climate, family value system, andfam- 
ily genetic heritage. We begin by replicating in these data the negative sta- 
tistical relationship between three cognitive measures and sibship size. We 
then apply the change models to siblings measured at two points in time and 
to repeated measures of the same individuals. By considering sibship size as 
an individual trait that changes over time, we control for effects that are 
shared across siblings and over time. When these shared effects are con- 
trolled, the negative relationship between sibship size and intellectual devel- 
opment disappears, casting doubt on the causal interpretation of the nega- 
tive relationship conventionally found. 

he effects of sibship structure including 
sibship size or family size,' birth order, 

and birth spacing on intellectual develop- 
ment have attracted scholarly interest at least 
since the late 1800s, when Galton (1874) 
noted the intellectual advantages of the el- 
dest-born child. Among the various aspects 
of sibship structure, only sibship size consis- 
tently has been found to be negatively asso- 
ciated with children's intellectual achieve- 
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Chapel Hill, NC 27599-3210 (guang-guo@unc. 
edu). We thank Ron Rindfuss, Karl Alexander, 
Karen Carver, Andrew Cherlin, the ASR Editor, 
and anonymous ASR reviewers for comments; Jo- 
seph Rodgers, Hong-Wen Charng, and Nazli 
Baydar for the NLSY kinship links; the Depart- 
ment of Sociology and the Carolina Population 
Center at the University of North Carolina at 
Chapel Hill, the National Academy of Education, 
the Spencer Foundation, and the W. T. Grant 
Foundation for support. 

1 "Sibship size" and "family size" are used in- 
terchangeably throughout this article: Both terms 
refer to the number of children in the family. 

ment or, more generally, "child quality" 
(Blake 1981, 1985, 1989; Downey 1995; 
Featherman and Hauser 1978; Powell and 
Steelman 1993; Steelman 1985; Steelman 
and Powell 1989). 

Many leading scholars have offered advice 
to parents and would-be parents. In an article 
titled "Dumber by the Dozen" in Psychology 
Today, Zajonc (1975), the chief architect of 
the highly influential confluence model, 
wrote, 

If the intellectual growth of your children is 
important to you, the model predicts that you 
should have no more than two 
(children) . .. because the larger the family, the 
lower the overall level of intellectual function- 
ing. (P. 43) 

Blake (1981), in her presidential address to 
the Population Association of America titled 
"Family Size and the Quality of Children," 
concluded, 

If people believe that they can trade off child 
quantity for child quality they are, indeed, on 
the right track. (P. 433) 
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In the same address, Blake further concluded 
that family size is a more important factor 
than socioeconomic status, because by the 
time a family is formed, family socioeco- 
nomic status has been largely determined 
whereas final family size is still a decision 
variable. A couple can more easily influence 
the quality of their children through family- 
size decisions than by trying to change their 
socioeconomic status. All this advice rests on 
the premise that the effect of family size on 
child quality is causal. If the effect is not 
causal, couples only reducing the desired 
number of children will not see improved 
quality in their children. 

To date, almost all the evidence for the re- 
lationship between sibship size and child 
quality comes from conventional regression 
analysis using cross-sectional data, and the 
causal interpretation of the statistical rela- 
tionship has been frequently questioned. The 
alternative interpretation is that the statisti- 
cally found negative relationship between 
sibship size and child quality is spurious, in- 
duced by another factor or combination of 
other factors highly correlated with sibship 
size, such as family socioeconomic status 
(Anastasi 1956; Blake 1989; Ernst and Angst 
1983; Steelman 1985), family genetic heri- 
tage (Anastasi 1956; Blake 1989; Grotevant, 
Scarr, and Weinberg 1977; Steelman 1985), 
or the general intellectual climate of the 
home (McCall 1984). 

In this study, we test the alternative inter- 
pretation of the effect of sibship size on 
child's intellectual development through sib- 
ling analysis and analysis of repeated mea- 
sures of the same individuals. Both analyses 
are variations of change models or fixed-ef- 
fects models. Change models enable us to 
control permanent family effects including 
family socioeconomic status (SES), family 
genetic makeup, and intellectual atmosphere 
in the home by "differencing them out." 
Thus, we can determine if, and how much, 
the sibship-size effect is confounded by other 
family influences that are difficult or impos- 
sible to control in conventional regression 
analysis. 

The data are from the National Longitudi- 
nal Survey of Youth (NLSY). Our first step 
is to replicate the usual finding using the 
conventional regression approach; then we 
apply the change models. The change mod- 

els take advantage of two features of the 
NLSY: (1) Cognitive development of the 
same individual is measured at least twice- 
in 1986 and 1992; and (2) the sibship size 
relevant to each individual changes between 
1986 and 1992. 

In this analysis, we measure child quality 
by intellectual development, which is in turn 
measured by three standardized cognitive 
tests administered in the NLSY. Cognitive 
test scores are the most commonly used de- 
pendent variables in sibship studies (Cicirelli 
1978; Downey 1995; Steelman 1985). More 
recently, sociologists considered other mea- 
sures of child quality. Blake (1981, 1989) 
frequently measured child quality by total 
years of education in her own empirical 
work, but she based her conclusions on both 
her own work and previous research on the 
relation of sibsize to cognitive ability. 
Steelman and Powell (1989, 1991) studied 
the effect of sibship size on parental finan- 
cial support of college education. Because 
we measure child quality by intellectual de- 
velopment, our work only speaks directly to 
previous research using measures of cogni- 
tive development. 

CONTENDING EXPLANATIONS 

Most researchers on the topic agree that there 
exists a negative statistical relationship be- 
tween sibship size and intellectual develop- 
ment (Blake 1989; Downey 1995; Steelman 
1985). This finding holds in studies using 
data from the United States (Blau and 
Duncan 1967; Featherman and Hauser 1978) 
and also in large-scale studies of school chil- 
dren in France (Institut National d'Etudes 
Demographiques 1973), Scotland (Scottish 
Council for Research in Education 1949), 
and England (Douglas 1964; Eysenck and 
Cookson 1970; Marjoribanks 1974). Two 
theoretical models have been developed to 
interpret the effect of sibship size on child 
quality as causal. Most researchers, however, 
acknowledge the possibility of a spurious ef- 
fect caused by one or more factors other than 
sibship size. 

The Confluence Model 

The confluence model was developed to ex- 
plain not only the relationship between sib- 
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ship size and intellectual development but 
also that between birth spacing/birth order 
and intellectual development (Zajonc and 
Markus 1975). Zajonc and Markus theorized 
that a child's intellectual development is a 
function of two factors: family intellectual 
environment and a child-to-child teaching 
benefit. Family intellectual environment, 
measured by the average intellectual level of 
all members of the family, deteriorates with 
the birth of each child as a result of the low 
intellectual level of young children. This part 
of the theory explains the negative link 
among sibship size/birth spacing and intel- 
lectual development. The theory also argues 
that teaching a younger sibling is beneficial 
to intellectual development. Last-born chil- 
dren are at a disadvantage because they have 
no younger siblings to teach. In spite of its 
elegance and appeal, most studies failed to 
find empirical support for the confluence 
model (Berbaum and Moreland 1980; 
Galbraith 1982; Retherford and Sewell 1991; 
Rodgers 1984). 

The Resource Dilution Model 

The resource dilution model focuses on the 
effect of sibship size alone (Blake 1981, 
1989). A child's intellectual development de- 
pends on family resources. The more chil- 
dren in a family, the more the resources are 
divided, the fewer resources each child 
would enjoy, and therefore the lower the 
quality of the children. Blake (1981) de- 
scribed three categories of family resources. 
First, parents provide "types of home, neces- 
sities of life, cultural objects (like books, pic- 
tures, music, and so on)" (p. 422). Second, 
parents provide "specific chances to engage 
the outside world" or specific chances "to get 
to do things" (p. 422). Finally, parents pro- 
vide "personal attention, intervention, and 
teaching" (p. 422). Using data from the Na- 
tional Education Longitudinal Study of 1988, 
Downey (1995) analyzed data on family size, 
parental resources, and educational perfor- 
mance and found that the effect of family 
size is mediated through parental resources. 

The resource dilution theory appears to of- 
fer a particularly appealing explanation for 
the effect of sibsize on parental financing of 
higher education (Steelman and Powell 
1989, 1991), but for child intellectual growth 

we must proceed with caution. A negative ef- 
fect of sibship size on intellectual growth is 
typically obtained in regression analyses 
based on cross-sectional data, in which sib- 
ship size and intellectual growth are mea- 
sured at about the same time. There is one 
potential problem with the interpretation of 
results thus obtained via the resource dilution 
theory. If sibship size affects intellectual 
growth, it must do so in a dynamic process. 
A family acquires children gradually over a 
number of years and children continually un- 
dergo intellectual development. Intellectual 
development may be more sensitive to envi- 
ronmental influences such as family size at 
some ages than at others. 

If sibship size does dilute family resources 
and affect intellectual growth, the sibship 
size that dilutes resources will not be the sib- 
ship size measured in the cross-sectional data 
and used in the regression analysis. Not all 
siblings would influence the index child's in- 
tellectual development at any particular time. 
To test the resource dilution model, we must 
account for changes in sibship size during a 
child's intellectual growth. This argument is 
consistent with the emphasis on determining 
causal direction and the use of longitudinal 
and intact family data in many articles that 
tested the confluence model (Galbraith 1982; 
Olneck and Bills 1979; Retherford and 
Sewell 1991; Rodgers 1984). This argument 
also provides a theoretical basis for our em- 
pirical approach of regressing changes in in- 
tellectual development on changes in sibship 
size. 

Sibship Size as a Spurious Effect 

From the beginning, scientists studying the 
relationship between intellectual develop- 
ment and sibship size realized that the appar- 
ent association could be spurious. Various 
possible factors causally affecting both intel- 
lectual development and sibship size have 
been identified. The actual causal relation- 
ship may well involve a combination of two 
or more of these factors. 

Some researchers suspect that family SES, 
not sibship size, is the actual causal factor 
(Anastasi 1956; Ernst and Angst 1983; 
Kennett and Cropley 1970; Steelman 1985). 
If parents of lower SES are more likely to 
have large families and SES is not ad- 
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equately adjusted for, a statistical effect of 
sibship size on intellectual development will 
emerge even if the causal factor is SES. 

Genetic factors also have been suggested 
as possible causal variables behind the rela- 
tionship between sibship size and intellectual 
development (Anastasi 1956; Blake 1989; 
Grotevant et al. 1977; Steelman 1985). It is 
well known that parental cognitive ability 
tends to be correlated with offspring's cog- 
nitive ability. If less able parents tend to have 
more offspring because of poor family plan- 
ning or some other reason, research would 
reveal a negative relationship between 
children's cognitive test scores and sibship 
size even if the relationship is not causal. In 
a volunteer sample of 120 natural and 104 
adoptive families in Minnesota, Scarr and 
Weinberg (1979) found the usual correlation 
of IQ with sibship size in natural children, 
but IQ in the adopted children was not corre- 
lated with the number of children in the fam- 
ily. This finding seems to indicate that the 
correlation relies on genetic relatedness 
among children in the sample and suggests 
that the estimated sibship effect may actually 
be an effect of genetic heritage. 

Some potentially confounding factors are 
less tangible. McCall (1984) described the 
intellectual climate of the home. The climate 
is assumed to have an equal effect on all chil- 
dren within a family. Factors characterizing 
the climate include parental encouragement 
of intellectual activities, opportunities for 
enriching experiences, and so forth. Couples 
who choose to have large families may have 
value systems (Steelman 1985) or normative 
expectations (Rankin, Gaite, and Heiry 1979) 
that differ from those of couples who choose 
to have small families. Parents who prefer 
small families may value academic success, 
for example. If any of these is the case, the 
causal factor for intellectual growth would 
not be sibship size, but home intellectual cli- 
mate, value systems, or normative expecta- 
tions, which affect both fertility and intellec- 
tual development. 

The standard strategy for rejecting these 
noncausal competing explanations is to take 
them into account as far as possible in con- 
ventional regression analysis. However, 
some potential confounding factors such as 
family income and family genetic influences 
are difficult to measure. Others, such as 

home intellectual climate, value systems 
concerning academic success, and normative 
expectations, may never be adequately mea- 
sured. As a result, we must look beyond con- 
ventional regression analysis for persuasive 
evidence for the causal explanation. 

THE METHODS 

Conventional Regression Analysis 

Regression analysis of cross-sectional data is 
the most frequently used nonexperimental 
approach. It may be presented as 

idi = go + P/fsj + P2CHi + 33FAMi 

+ P4NEIi+ej , (1) 

where intellectual development (idi) for child 
i is a function of family size (fsi) controlling 
child characteristics (CHi), family character- 
istics (FAMi), and other environmental 
characteristics such as neighborhood charac- 
teristics (NEIl). The lower-case variables 
such as idi are scalar variables whereas the 
upper-case variables such as FAMj are vec- 
tor variables indicating that more than one 
family characteristic are imbedded in FAMi. 
Both the confluence theory and the resource 
dilution theory predict a negative and signifi- 
cant effect of sibship size from equation 1. 

The potential problem with this approach 
is that the estimated effect of sibship size 
could be spurious if equation 1 fails to in- 
clude even one child, family, or neighbor- 
hood variable that is causally related to in- 
tellectual development and correlated with 
sibship size. For this reason, we consider 
other approaches to test for the robustness of 
the results obtained from conventional re- 
gression analysis. 

Change Models 

Change models (or fixed effects models) 
constitute one promising solution to the 
problem of omitted variables (Liker, 
Augustyniak, and Duncan 1985). Change 
models allow control for unobserved vari- 
ables whose effects are shared by clusters of 
observations. In the present analysis, change 
models can control for such unobserved fa- 
milial variables as family intellectual climate 
as long as the effects of these variables do 
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not change over time and are shared by all 
family members. The exact "amount" of un- 
observed familial effect controlled is deter- 
mined by the extent to which the effect is 
shared. We apply two variations of change 
models: sibling analysis and analysis of re- 
peated measures of the same individuals. 

Sibling analysis and twin analysis were 
used to study the effect of education on in- 
come (Ashenfelter and Krueger 1994; 
Gorseline 1932; Griliches 1979). The cen- 
tral concern of such studies is that the better 
educated tend to be more able and that the 
more able tend to earn higher incomes. The 
effect of education would be exaggerated if 
innate ability were not adequately con- 
trolled. Innate ability is exceedingly diffi- 
cult to measure in conventional regression 
analysis; sibling analysis and twin analysis 
can control whatever ability is shared 
among siblings or between twins without 
measuring it explicitly. 

Using change models and longitudinal data 
for 62 less-developed countries, Firebaugh 
and Beck (1994) were able to control unmea- 
sured enduring national characteristics. They 
found large and robust positive effects of 
economic growth on national welfare and 
found no negative effects of Third World's 
dependence on foreign investment and trade. 
These results contrast sharply with those 
from more conventional dependency studies, 
which typically regress the difference be- 
tween the two outcome variables for the two 
time periods on the original set of indepen- 
dent variables. Such dependency studies of- 
ten found that economic growth harms rather 
than benefits the living standards of the 
masses. 

Sister-pair analysis caused a major recon- 
sideration of the socioeconomic costs of 
teenage childbearing (Geronimus and 
Korenman 1992, 1994; Hoffman, Foster, and 
Furstenberg 1993a, 1993b). Conventional 
analysis generally found substantial socio- 
economic costs for young mothers. The dif- 
ficulty with this conclusion is that teenage 
births are much more common in socioeco- 
nomically disadvantaged families. 
Geronimus and Korenman (1992) argued that 
measures of family background used in con- 
ventional analysis might have been insuffi- 
cient. Using sister-pair analysis, they con- 
cluded that previous estimates based on con- 

ventional analysis had exaggerated the nega- 
tive consequences of teenage childbearing. 

Sibling models have been used to study the 
effect of birth order on intellectual develop- 
ment as tests of the confluence model 
(Olneck and Bills 1979; Retherford and 
Sewell 1991). Once the unmeasured effects 
shared by sibling pairs were adjusted for, no 
significant effects of birth order were found, 
providing evidence against the empirical va- 
lidity of the confluence model. 

To our knowledge, sibling analysis has not 
been applied to the study of the sibship-size 
effect. Sibship size is traditionally regarded 
as a family trait, meaning that the value of 
this variable is the same for all children of a 
family. A typical change model such as a sib- 
ling model would difference out all family 
variables including sibship size. The conse- 
quence is that the effect of sibship size would 
not be estimated. In our study, using longitu- 
dinal data, we treat sibship size as an indi- 
vidual trait that changes as a child ages. 
Later, we will show that sibship size can 
change significantly between two measures 
of intellectual development on the same in- 
dividual or between two measures of intel- 
lectual development for a pair of siblings. 

Sibling analysis. Sibling models require 
data consisting of sibling pairs or sibling 
clusters. The promise of sibling data lies in 
the fact that siblings share a variety of hard- 
to-observe influences. Siblings share sub- 
stantial amounts of environmental influ- 
ences: They have similar access to family 
economic resources, are exposed to a similar 
family intellectual climate, and grow up un- 
der the influences of the same parents, simi- 
lar friends, similar neighborhoods, and simi- 
lar schools. Sibling data have been used in 
previous studies because siblings on average 
share one half of their genes (Plomin, 
DeFries, and McClearn 1980). When sibling 
data are used to study the effect of education 
on income, the genetic relatedness among 
full siblings enables researchers to control 
for about one half of the variance in innate 
ability. 

There is a subtle and important difference 
between our use of sibling data and how sib- 
ling data are traditionally used. Instead of 
controlling for the genetic effects shared 
among siblings as in a traditional approach, 
we control for parental genetic effects. It is 
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Table 1. Levels of Control for Selected Unobserved Variables in the Conventional Regression Analy- 
sis, Sibling Analysis, and Analysis of Repeated Measures, and Expected Family-Size Effects 

Conventional Sibling Analysis of 
Unobserved Variables Regression Analysis Analysis Repeated Measures 

Variables Controlled 
Family environment None Substantial Most 

Family genetics None 100%a 100% 

Child-specific None None Most 

Family environment x Family None None Most 
genetics x Child-specific . :. E:. i---................... ...... ,... ----.--. . .. --E--E-.. .:.-. ..:i,--E. ............. 

.....-..:..............., ..- ......, ..... . :- 

Expected Magnitude of Family-Size Effect ------E-:::: -::--g ----0;-f : - -W ake n -g effetg-- 

a We control here for parental genetic influence rather than for the proportion of genes shared among 
siblings. Full siblings share 100 percent of their parents' genetic influence, whereas they traditionally are 
thought of as sharing 50 percent of their own genes. 

parental genetic effects rather than genetic 
effects shared among siblings that may be 
correlated with family size. Since full sib- 
lings have the same parents, and thus the 
same genetic influences at the parental level, 
the percentage of genetic influences con- 
trolled for at the parental level should be 100 
instead of 50. By the same argument, half 
siblings share about 50 percent of the genetic 
influences at the parental level because half 
siblings share only one biological parent. In 
Table 1, we summarize the magnitude of 
various unobserved effects controlled in con- 
ventional regression analysis, full-sibling 
analysis, and analysis of the repeated mea- 
sures of the same individuals. As more po- 
tentially confounding effects are controlled, 
we expect the negative effect of sibship size 
to weaken if not to disappear altogether. 

Sibling analysis controls for all effects 
shared between the two members of a sibling 
pair by cancelling them out. Suppose the 
conventional analysis (equation 1) holds for 
sibling A at time t1 and sibling B at time t2 in 
a sibling pair: 

idAt, = 90 + PlfSAt, + /2CHAt, 

+ /3FAM + /34NEI + 'CAt, (2) 

idBt2 = 
90 + lfSBt2 + 2CHBt2 

+ /3FAM + /4NEI + eB',2 (3) 

where neither FAM nor NEI has a subscript, 
implying that the siblings in the same family 
share the same time-invariant family and 

neighborhood influences. A sibling model 
can be constructed by subtracting equation 2 
from equation 3: 

idBt2 - idAt, = 1 -fSBt2 f sAt,) 

+P2 (CHBt2 - CHAt) 

+ -Bt2 AtI ) 
(4) 

where the family and neighborhood influ- 
ences cancel out. Note that equations 2 and 3 
must be established for different times to al- 
low sibship size to change and that the three 
PIs in equations 2, 3, and 4 are equivalent. 
Now we can obtain an estimate of the effect 
of sibship size (/l) from the regression of 
changes in intellectual development on 
changes in sibship size and other child char- 
acteristics without having to measure all the 
shared effects, familial or otherwise. This es- 
timate is free of biases caused by family or 
neighborhood influences shared by the two 
members of a sibling pair. 

Repeated measures analysis. Analysis of 
repeated measures of the same individuals 
represents an extreme form of change mod- 
els. The repeated measures of the same child 
resemble the measures from a sibling clus- 
ter. The difference is that the repeated mea- 
sures are subject to much more similar envi- 
ronmental influences than are the measures 
from a sibling cluster. Most of the familial 
and other environmental influences on a 
child at different time points would remain 
largely unchanged (Table 1). The potential 
genetic influence at the parental level shared 
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by the repeated measures of the same indi- 
vidual is the same as that shared by full sib- 
lings (100 percent). 

Unlike sibling analysis, analysis of the re- 
peated measures control all child character- 
istics that remain stable over time such as in- 
dividual ability and perseverance. Also con- 
trolled are the interactions between familial 
and child characteristics because these inter- 
action effects tend to be shared by all the 
measures of the same individual. In conven- 
tional regression analysis, some of these in- 
teractions may contribute to a spurious rela- 
tionship between sibship size and child in- 
tellectual development. For instance, the 
possible interaction between family SES and 
child ability would be partially responsible 
for the spurious relationship if high-SES par- 
ents tend to have fewer children, if high-SES 
parents with more resources are more likely 
to make a greater investment in brighter chil- 
dren, and if SES is not taken into consider- 
ation adequately. 

To construct a model of repeated measures 
of the same individuals, suppose the conven- 
tional analysis (equation 1) holds for child i 
at both t1 and t2, 

idt, = 90 + /Afst + /2CH + /3FAM 

+/3NEI + /5 Ageti + Eta, (5) 

idt2 = /O + P1fst2 + /2CH + /3FAM 

+/4NEI + /5Aget2 + ,t2 ' (6) 

Note that no subscript is present for CH, 
FAM, and NEI, reflecting the observation 
that repeated measures of the same individu- 
als are under similar child-specific, familial, 
and neighborhood influences. Taking the dif- 
ferences between the two time points at 
which the intellectual development of the 
same child is measured yields: 

idt2 - idtl = P- fSt2 fstl ) 

+/5 (Aget2 - Aget) 

+ (?t2 -Ftj ) (7) 

where all child-specific characteristics ex- 
cept age cancel out. The model requires that 
there is enough variation in family size (fs) 
between t1 and t2. Because this analysis of 
repeated measures controls for more poten- 

tially confounding effects, we expect that the 
strength of the estimated sibship effect from 
the analysis of repeated measures will be the 
weakest among all the models considered in 
Table 1. 

DATA 

We use data from the National Longitudinal 
Survey of Youth (NLSY). Our research de- 
sign requires (1) that intellectual develop- 
ment is measured at least twice over time on 
the same individual or on a pair of siblings 
with one measure on each sibling, (2) that the 
time span between the two measures is wide 
enough to allow change in sibship size to oc- 
cur, and (3) that the two measures are com- 
parable. The NLSY contains a large number 
of children for whom intellectual develop- 
ment was repeatedly assessed in 1986, 1988, 
1990, and 1992. Because of the household 
sampling design of the survey, the NLSY 
sample contains a large number of sibling 
pairs. 

Although the NLSY sample includes many 
related children, the exact nature of the kin- 
ship link is sometimes ambiguous. For in- 
stance, an apparent sibling pair can be a full- 
or half-sibling pair. The shared genetic and 
environmental effects vary widely across 
these two types of pairs. For instance, unlike 
full siblings, half siblings only spend part of 
their lives in the same family. Half siblings' 
intellectual development is subject to only 
some of the same familial influences. While 
they share some environmental influences 
from shared family culture, friends, schools, 
and neighborhoods, the shared influences 
must be less than those full siblings are sub- 
ject to. How much less is unclear and depends 
on how long the half siblings lived together. 

Fortunately, linking algorithms that clas- 
sify the NLSY respondent pairs into appro- 
priate kinship categories were first devel- 
oped for the 1986 and 1988 NLSY-children 
data (Rodgers, Rowe, and May 1994) and 
then were updated for the 1990 and 1992 
data (Charng and Baydar 1996). To deter- 
mine sibling status, children were first as- 
signed to sibling pairs. For each pair and for 
each year, the index child's report of the resi- 
dence of his or her father was compared to 
the sibling's report of his or her father's resi- 
dence. The consistency of father's residence 
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within and across years was used to deter- 
mine whether a sibling pair consisted of full 
siblings, half siblings, probable full siblings, 
or probable half siblings. We use Charng and 
Baydar's (1996) update of the linking algo- 
rithm to distinguish between full-sibling and 
half-sibling pairs. 

Full-sibling and half-sibling pairs seem to 
have grown up in conspicuously different 
environments in our NLSY sample. The av- 
erage household income for half siblings is 
about 64 percent of that for full siblings in 
both 1986 and 1992. The proportion of 
never-married women among mothers of half 
siblings is more than three times as high as 
that of full siblings. Mothers of half siblings 
scored much lower on the AFQT (a cogni- 
tive test) and experienced much higher mari- 
tal instability. The samples of half siblings 
by racial group are sometimes unacceptably 
small (30 or 40). For these reasons, we de- 
cided to exclude half siblings from the sib- 
ling analysis.2 

MEASURES 

We measure children's intellectual develop- 
ment by three cognitive tests: (1) The 
Peabody Picture Vocabulary Test-Revised 
(PPVT) "measures an individual's receptive 
(hearing) vocabulary for Standard American 
English and provides, at the same time, an 
estimate of verbal ability or scholastic apti- 
tude" (Dunn and Dunn 1981). This assess- 
ment is administered to children aged three 
and older. (2) The Reading Recognition As- 
sessment of the Peabody Individual Achieve- 
ment Test (PIAT-R) measures word recogni- 
tion and pronunciation. Children are asked to 
read a word silently and then to say it aloud. 

This and the PIAT-M test are given to all 
children aged five or older. (3) The math- 
ematics assessment of the Peabody Indi- 
vidual Achievement Test (PIAT-M) measures 
a child's achievement in mathematics as 
commonly taught in American schools. The 
materials covered range from recognizing 
numerals to measuring advanced concepts in 
geometry and trigonometry. Usually, a child 
examines the problem and then chooses one 
of four listed answers. 

THE RESULTS 

Changes in Sibship Size over Time 

Figure 1 shows the distribution of change in 
sibship size between the 1986 measure and 
the 1992 measure of an individual, and the 
distribution of change in sibship size be- 
tween a sibling pair-one sibling is evalu- 
ated in 1986 and the other in 1992. Between 
40 and 55 percent of the individuals who 
contributed repeated measures to the analy- 
sis experienced no change in sibship size be- 
tween 1986 and 1992. The other 45 to 60 per- 
cent experienced an increase of one, two, or 
more siblings during the period, with the ex- 
act percentage dependent upon the particular 
cognitive measure and race. The change in 
sibship size for sibling pairs tends to be 
greater than that for repeated measures. Be- 
tween 35 and 45 percent of sibling pairs ex- 
perienced no change in sibship size between 
1986 and 1992. The other 55 and 65 percent 
of sibling pairs experienced an increase of 
one, two, or more siblings during the period. 

The1986-1992 period is one of high fertil- 
ity for the mothers of the children in the 
NLSY. The mothers were aged 21 to 28 in 
1986 and 27 to 34 in 1992. About three-quar- 
ters of the fertility in the 1992 synthetic co- 
hort in the United States fall in the age range 
of 21 to 34 (U.S. Department of Health and 
Human Services 1996). Since fertility rates 
in the United States have been fairly stable 
over the last several decades, similar fertility 
rates can be used to describe the cohort in our 
study. The changes in sibship size between 
1986 and 1992 are, therefore, important 
changes, especially considering our theoreti- 
cal argument that a preferred test of the re- 
source dilution model is a dynamic analysis 
relating changes in sibship size to changes in 

2 We have excluded the military sample that 
does not include any siblings. The original na- 
tional sample of the NLSY included a total of 
about 10,000 youths aged 14 to 21 as of January 
1, 1979, with oversamples of African Americans, 
Hispanics, and economically disadvantaged 
whites. It is well known that the NLSY tends to 
overrepresent children born to younger, less edu- 
cated, and minority mothers. To reduce possible 
bias in the sample, in all regression models and 
whenever appropriate we control for characteris- 
tics overrepresented in the sample such as mater- 
nal age at child's birth, race, mother's educational 
attainment, and mother's cognitive ability. 
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Table 2. Means and Standard Deviations for Control Variables, and Coefficients from the Conven- 
tional Regression Model Testing for the Effect of Sibship Size on Child's PPVT Score: 
NLSY, 1992 

Individual Sample (All Races) Sibling Sample (All Races) 

(1) (2) (3) (4) 
Sample Conventional Sample Conventional 

Characteristics Regression Model Characteristics Regression Model 

Variable Mean S.D. Beta S.E.(b) Mean S.D. Beta S.E.(b) 

Child's PPVT score, 1992 90.42 16.89 91.25 16.61 

Sibship size, 1989-1992a 2.65 1.13 -1.92*** (.34) 2.63 .84 -1.42** (.55) 

Child's Characteristics 
Gender (female = 1) .50 .50 -.05 (.68) .49 .50 .20 (.87) 

Birth order 1.48 .75 -1.49** (.56) 1.30 .62 -2.08** (.77) 

Child's age, 1992 148.32 26.85 -.04* (.02) 15.40 27.47 -.04* (.02) 
(in months) 

Family Characteristics 
Family income, 1989- 23.26 15.86 .07* (.03) 24.36 15.87 .04 (.04) 

1992 (in $1,000s)a 

Mother's education, 1992 11.65 2.01 .21 (.21) 11.73 1.94 .23 (.27) 

Family Structure: 
Never-married, .19 .39 -1.37 (1.31) .16 .36 -1.64 (1.73) 

1989-1992a 

Divorced, 1989-1992a .24 .39 1.25 (1.26) .22 .38 -.03 (1.66) 

Father in the household, .46 .45 3.05** (1.07) .50 .45 2.35 (1.37) 
1989-1992a 

Mother's age, 1992 31.94 2.10 .08 (.20) 31.95 2.10 .20 (.26) 
(in years) 

Mother's AFQT score, 565.35 208.70 .03*** (.002) 577.56 206.78 .03*** (.002) 
1979 

Environmental Characteristics 
Urban, 1989-1992a .78 .40 -1.95* (.86) .79 .40 -2.28* (1.11) 

South, 1989-1992a .45 .49 -4.07*** (.72) .43 .49 -4.36*** (.92) 

Number of cases 1,702 1,627 1,048 995 

a Based on average characteristics during the time period indicated. 

<.05 ** < .01 *** < .001 (two-tailed tests) 

intellectual development rather than the con- 
ventional static regression of intellectual de- 
velopment on eventual family size. 

The Effect of Sibship Size on Intellectual 
Development 

Table 2 (column 1 and 3) shows the means 
and standard deviations of the variables used 
in the conventional regression analysis for 
both the individual and sibling samples. As 

an example, Table 2 also presents the full set 
of coefficients from the conventional regres- 
sion model testing the effect of sibship size 
on child's PPVT score for all races, for both 
the individual sample (column 2) and the sib- 
ling sample (column 4). Subsequent tables, 
which present results from both the conven- 
tional and change models for all measures of 
cognitive development and for each racial/ 
ethnic group, show only the sibship size co- 
efficient. 
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Results from individual samples. An indi- 
vidual sample is composed of all children that 
contribute two measures on a specified out- 
come. Thus, as indicated in Table 2, the PPVT 
sample contains 1,627 individuals who have 
a valid standardized score on the PPVT for 
both 1986 and 1992. Children who were not 
living with their mother in both 1986 and 
1992 were excluded. An individual sample is 
analyzed twice-once by the conventional re- 
gression analysis (results presented in Tables 
2 and 3) and once by the analysis of repeated 
measures (results presented in Table 3). We 
performed the two analyses on the same ba- 
sic sample so that the comparison of the re- 
sults from the two analyses would not be 
complicated by the differences between the 
two samples. Differences in sample size be- 
tween the two analyses are due to missing 
values on the independent variables. For in- 
stance, the PPVT individual sample consists 
of 1,702 cases, all of which are used in the 
repeated measures analysis; 75 cases are ex- 
cluded in the conventional analysis because 
more independent variables are included.3 

The conventional regression analysis at- 
tempts to replicate the negative effect of sib- 
ship size on intellectual development using 
cross-sectional data and the method of ordi- 
nary least squares. Sibship size is measured 
as the average number of children living in 
the household over 1989-1992. 

The analysis controls for various indi- 
vidual, family, and other environmental char- 
acteristics as specified in equation 1. At the 
individual level, we control for child's gen- 
der, birth order, and child's age in months at 
the 1992 assessment date. At the family 
level, we control for family income, mother 's 
education, family structure, maternal age, 
and mother's AFQT score. Family income is 
measured by the average of the total family 
income over 1989-1992, which should more 
effectively capture the permanent income of 
a family than a single-year measure.4 

3 Other ways of drawing samples for the con- 
ventional regression analysis are possible. We 
could have drawn a sample that maximizes the 
sample size for a conventional analysis, but this 
sample would be much larger than and not com- 
parable to any available sample for a change- 
model analysis. 

4 Supplemental analyses were conducted sub- 
stituting a 10-year average of income for the 4- 

Mother's education is the highest grade com- 
pleted by the mother at the 1992 interview. 
For each year, family structure is measured 
by a three-category dummy variable: never- 
married, divorced, and married or widowed, 
with married or widowed as the reference 
category. An alternative measure of family 
structure is a dummy variable indicating 
whether father is in the household. Our mea- 
sure of family structure averages this yearly 
dummy variable over the 1989-1992 period. 

Other environmental variables controlled 
are urban/rural residence and residence in 
the South. Both variables were constructed by 
averaging dummy variables coded 1 for ur- 
ban residence and 1 for residence in the South 
over the 1989-1992 period. Analyses that dis- 
tinguish central city residence from other ur- 
ban residence and suburban residence did not 
lead to substantive changes in the magnitude 
or direction of the sibship-size effect. 

Table 3 shows the effects of sibship size on 
cognitive development in the individual 
samples estimated by the conventional re- 
gression model and the analysis of repeated 
measures. The analysis was performed sepa- 
rately for each racial group and each cogni- 
tive measure. The first three columns in Table 
3 present the effects of sibship size from the 
12 conventional OLS regression models. The 
estimated coefficients for the control vari- 
ables are generally consistent with previous 
literature and follow the pattern shown in 
Table 2 (column 2) for the PPVT scores. The 
resultes in Table 3 indicate that the estimated 
effect of sibship size varies considerably by 
cognitive outcome. For PPVT, the effect of 
sibship size is negative, comparable in size to 
those estimated in previous work, and statis- 
tically significant by the usual standards. This 
result holds in a sample that combines all ra- 
cial groups as well as in samples that contain 
only whites, blacks, or Hispanics. The com- 
bined sample yields a coefficient of -1.92, 
suggesting that each additional sibling in the 
household would lead to a decrease of about 
2 points on the PPVT test. 

For PIAT-R, a significant negative effect of 
sibship size is estimated in all regressions ex- 
cept the one for the black sample. The sib- 

year average and substituting a measure of pov- 
erty for income. The results regarding the effect 
of sibship size remained substantively unchanged. 
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Table 3. Coefficients from Conventional and Repeated Measures Models Regressing Selected Mea- 
sures of Intellectual Development on Sibship Size, by Race: Individual Sample from the 
NLSY, 1992 and 1986 

Conventional Repeated Measures Model 
Regression Model (1992)b (1992 and 1986) 

Cognitive Measure a/ Number Number 
Race Coef. S.E. of Cases Coef. S.E. of Cases 

All Races 
PPVT -1.92*** (.34) 1,627 .38 (.50) 1,702 
PIAT-R -1.47*** (.40) 1,064 .31 (.55) 1,106 
PIAT-M -.52 (.33) 1,057 1.37* (.54) 1,100 

White 
PPVT -1.80*** (.55) 626 -.21 (.78) 649 

PIAT-R -1.73* (.70) 373 .88 (1.08) 382 

PIAT-M --.87 (.58) 369 1.49 (1.05) 378 

Black 
PPVT -1.51** (.53) 663 .40 (.75) 693 
PIAT-R -.71 (.63) 475 -.10 (.76) 493 
PIAT-M -.12 (.51) 472 .74 (.77) 491 

Hispanic 
PPVT -2.08* (.85) 338 .33 (1.18) 360 
PIAT-R -2.18* (.89) 216 .48 (1.14) 231 

PIAT-M -.03 (.77) 216 2.44* (1.09) 231 

Note: Numbers in parentheses are standard errors. 
a Cognitive measures are the PPVT (Peabody Picture Vocabulary Test-Revised), PIAT-R (Peabody In- 

dividual Achievement Test-Reading), and PIAT-M (Peabody Individual Achievement Test-Math). 
b Apart from estimating the effect of family size, the conventional regression models control for gender, 

birth order, child's age at the time of the cognitive assessment, family income, mother's education, family 
structure, maternal age, mother's cognitive ability, urban/rural residence, and region of the country. 

*p <.05 **p <.01 ***p < .001 (two-tailed tests) 

ship-size effect in the black sample is nega- 
tive, but not significant at the p < .05 level. 
For PIAT-M, the combined sample and the 
white sample produce a negative effect of 
considerable size, but none of the regressions 
yields a significant effect. The absence of a 
sibship-size effect for PIAT-M is in agree- 
ment with previous work, which has often 
found that the sibship-size effect was more 
pronounced on verbal than nonverbal tests 
(Blake 1989; Mascie-Taylor 1980; Mercy 
and Steelman 1982; Nisbet and Entwisle 
1967). It was reasoned that verbal develop- 
ment more than mathematics ability depends 
on social context and requires social interac- 
tions with other people. 

The estimated effects of sibship size from 
the analysis of repeated measures contrast 

sharply with those from the conventional 
analysis (columns 4-6, Table 3). None of the 
12 analyses of repeated measures yields a 
significant negative sibship-size effect. Com- 
pared with the conventional analysis, the co- 
efficients are much closer to zero or much 
more positive. Two significant coefficients 
occur, but these are positive effects, meaning 
that each additional sibling would increase 
the index child's math score. This finding is 
the opposite from the usual negative effect 
of sibship size.5 

Results from the sibling samples. The 
conventional regression, full-sibling analy- 

S Appendix A presents the estimates from the 
difference models of PPVT, PIAT-M, and PIAT- 
R that include other time-varying covariates. 
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Table 4. Coefficients from Conventional Model, Sibling Analysis, and Repeated Measures Model Re- 
gressing Selected Measures of Intellectual Development on Sibship Size, by Race: Sibling 
Sample from the NLSY, 1992 and 1986 

Conventional Regression Repeated Measures 
Model (1992) Sibling Analysis Model 

Cognitive Measure/ Number Number Number 
Race Coef. S.E. of Cases Coef. S.E. of Cases Coef. S.E. of Cases 

All Races 
PPVT -1.42** (.55) 995 -.32 (1.15) 594 .70 (.64) 1,048 
PIAT-R -1.55** (.57) 671 -1.64 (1.11) 436 -.33 (.72) 702 
PIAT-M -.93+ (.49) 666 -.61 (1.04) 431 .83 (.69) 694 

White 
PPVT -1.49 (.98) 396 -.98 (1.76) 272 -.76 (.98) 415 
PIAT-R -1.90* (.94) 250 -3.03 (2.00) 189 -.34 (1.40) 256 
PIAT-M -.51 (.71) 249 1.08 (1.76) 185 -.04 (1.29) 254 

Black 
PPVT -1.37+ (.80) 390 .07 (2.03) 172 1.54 (1.00) 407 
PIAT-R -1.36 (.91) 288 -1.02 (1.90) 141 -1.06 (1.02) 301 
PIAT-M -1.07 (.74) 285 -3.75+ (1.98) 140 .57 (1.03) 296 

Hispalnic 
PPVT -.69 (1.26) 209 -.28 (2.33) 150 .15 (1.52) 226 
PIAT-R -1.37 (1.24) 133 -1.67 (1.99) 106 .76 (1.39) 145 
PIAT-M -.59 (1.26) 132 1.13 (1.64) 106 2.10 (1.38) 144 

Notes: Numbers in parentheses are standard errors. For the conventional regression model, estimation of 
the standard errors adjusts for the correlation between members of a sibling pair using a procedure origi- 
nally developed by Huber (1967). See Table 2, footnote a, for cognitive measures. See Table 2, footnote b, 
for the variables controlled in the conventional regression model. 

+p < .05 (one-tailed tests) 
Up <.05 *4 <.01 < .001 (two-tailed tests) 

sis, and the analysis of repeated measures 
were performed on sibling samples for each 
racial group and each cognitive measure 
(Table 4). To construct the sibling sample, 
we first grouped the data into family or sib- 
ling clusters. We then selected all families in 
which the oldest sibling has a valid score on 
a given cognitive measure in 1986 and the 
youngest sibling has a valid score on the 
same cognitive measure in 1992, thus com- 
posing a sample of sibling pairs, each of 
which included the oldest and youngest chil- 
dren from a family. This sample of sibling 
pairs was then divided into full siblings and 
half siblings based on the kinship linking al- 
gorithms developed by Rodgers et al. (1994) 
and Charng and Baydar (1996). Full-sibling 
pairs and probable full-sibling pairs formed 
the sibling samples. The sibling pairs in a 
sibling sample were separated into individual 
children to create a sample for conventional 

and repeated measures analysis that will be 
compared with the sibling analysis. Some of 
the individual children are then excluded 
from the conventional or repeated measures 
analysis due to missing values on either ex- 
planatory variables or outcome measures at 
one of the time points. 

In the first three columns of Table 4, we 
present the effects of sibship size from the 
conventional analysis based on the sibling 
samples. The similarity between these effects 
and those based on the individual samples is 
apparent although the sibling-sample effects 
tend to be weaker. One possible reason for 
the weaker effects is that the individual 
samples are much larger than the correspond- 
ing sibling samples (1,627 vs. 995 for all- 
race/PPVT). Regressions for the verbal tests 
are more likely to yield a statistically signifi- 
cant negative effect of sibship size. Larger 
samples combining all racial groups also are 
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more likely to yield a significant effect. All 
coefficients are negative, but those for the 
math test tend to be smaller than those for 
the verbal tests. We should avoid reading too 
much into the negativity of a single nonsig- 
nificant coefficient or a single significant co- 
efficient, but as a whole, the negativity of all 
or nearly all coefficients may well represent 
a pattern. 

The second three columns of Table 4 show 
the results of the sibling analysis, using 
samples of sibling pairs for each outcome. 
For all racial groups and all outcomes, the 
estimated effects of sibship size on intellec- 
tual development are no longer significant at 
the p < .05 level. The majority of the esti- 
mates are less negative than those from the 
conventional analysis. There are a few ex- 
ceptions, but the general pattern that emerges 
when one moves from the conventional to 
the sibling analysis confirms our expecta- 
tions as specified in Table 1. 

The last three columns of Table 4 present 
the results of the analysis of repeated mea- 
sures of individuals using the sibling pair 
samples. These results continue to follow our 
expected pattern. As in Table 3, none of the 
estimates are statistically significant. The 
majority are more positive than the estimates 
from the sibling analysis of a comparable 
sample. Some of the estimates, especially 
those for PIAT-M, suggest a possibility of a 
positive effect of sibship size. Moving from 
left to right across the three types of models 
in Table 4, we generally find the expected 
weakening of the effect of sibship size on 
cognitive development. The overall pattern 
displayed in Table 4 is consistent with the 
pattern expected in Table 1. 

DISCUSSION AND CONCLUSION 

Our objective has been to examine the causal 
interpretation of the negative effect of fam- 
ily size on children's intellectual develop- 
ment. Our analysis has provided evidence 
against this widely held interpretation. 

We reviewed previous work that questions 
the causal interpretation of the frequently 
found negative effect of family size. We ar- 
gue that an appropriate test of the resource 
dilution model should make use of longitu- 
dinal data and a dynamic modeling approach. 
We have reexamined the interpretation using 

sibling analysis and analysis of repeated 
measures of the same individuals. 

While the conventional analysis has gen- 
erally replicated the longstanding result of a 
negative sibship-size effect, the sibling 
analyses and the analyses of repeated mea- 
sures have failed to yield such an effect. In 
other words, after implicitly controlling for 
the additional family and other environmen- 
tal effects, genetic effects at the family level, 
child-specific effects, and the interactions 
between child and family effects, sibship size 
no longer has a negative effect on children's 
intellectual development, suggesting that the 
effect found from the conventional analysis 
may be due to one or more of these addi- 
tional effects rather than to family size. As 
we compare the conventional analysis with 
the sibling analysis and then with the analy- 
sis of repeated measures, the negative sib- 
ship-size effect weakens as more potential 
confounding effects are controlled. This pat- 
tern agrees with the theoretical expectations 
specified in Table 1. The negative sibship- 
size effect essentially disappears in the sib- 
ling analysis, suggesting that the additional 
controls for environmental and genetic ef- 
fects in the sibling analysis are enough to ac- 
count for the sibship-size effect estimated in 
the conventional analysis. Last, we should 
point to the evidence for the possibility of a 
positive sibship-size effect on children's 
mathematics skills. In evaluating our results, 
we have tried to rely on the patterns indi- 
cated by the results from all analyses based 
on all samples rather on the result from a 
single regression analysis. 

Because the sibship-size effect disappears 
in the sibling analysis, there must be a time- 
invariant family influence or a collection of 
time-invariant family influences that are cor- 
related with sibship size, omitted in the con- 
ventional analysis, and controlled in the sib- 
ling analysis. We have reasoned in our dis- 
cussion of Table 1 that the source of this in- 
fluence or set of influences is family envi- 
ronment, family genetic heritage, or a mix- 
ture of both. We believe that an argument can 
be made that the most likely confounding in- 
fluence is home intellectual environment de- 
termined by the orientation of the parents to- 
ward knowledge and learning. Parents who 
believe in the value of knowledge tend to 
pass this onto their children. Knowledge in 
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this context does not mean only school or 
book knowledge. It includes more experien- 
tial forms of knowledge encountered in 
school or everyday life. Children growing up 
in a favorable home intellectual environment 
are more likely to develop a desire for 
knowledge. This includes a desire to read 
both fiction and nonfiction and to learn about 
other people's lives and experiences. It also 
includes a desire to do things, tinkering with 
electronics or cars, and experimenting with 
chemistry sets or cake recipes. Parents who 
are oriented toward learning and knowledge 
may view larger families as less compatible 
with the type of home environment they want 
to create. They may have fewer children on 
average. This argument can be tested explic- 
itly when good measures on home intellec- 
tual environment are available. 

Our results seem generally straightfor- 
ward and consistent, but how about our ap- 
proach? How should we evaluate our ap- 
proach? Do change models always "wash 
out" the effects estimated from conventional 
analysis? Although change models rarely 
have been used in sociology, economists 
have a long tradition of using such models 
to study the effects of education on income 
(Ashenfelter and Krueger 1994; Gorseline 
1932; Griliches 1979). In most cases, sib- 
ling and twin analyses reduce, but do not 
eliminate, the effects of education on in- 
come estimated from conventional analysis. 
The results are more mixed from sister 
analysis of the socioeconomic consequences 
of teenage childbearing (Geronimus and 
Korenman 1992, 1994; Hoffman, Foster, 
and Furstenberg 1993a, 1993b): Sister 
analysis sometimes reduces and sometimes 
eliminates the estimated consequences of 
early childbearing. 

Our results were obtained under the as- 
sumption that all effects specified in Table 1 
are time-fixed or do not change over time. 
Another characteristic of our analysis is that 
only shared effects are controlled in the 
change models. However, some family and 
other environmental effects do change over 
time, and all environmental effects are not 
shared. These qualifications suggest that our 
findings hold with less than perfect control 
for potentially confounding variables. To test 
the importance of these time-varying influ- 
ences, we estimated change models that ex- 

plicitly measure and control for time-varying 
variables such as family income, mother's 
education, and family structure (some results 
are shown in Appendix A). The main results 
remain unchanged. 

Because of the overrepresentation of young 
mothers in the NLSY, the proper control for 
maternal age is an important issue in every 
study using the NLSY children. Our change 
models address this issue by differencing out 
the effect of maternal age. This control for 
maternal age is as effective as the extent to 
which the effect of maternal age is constant 
across siblings or across repeated measures. 
Ultimately, however, our findings should be 
replicated in samples more representative of 
the U.S. population and in populations in 
other parts of the world. 

The generalizability of our results is re- 
stricted by the amount of sibsize changes 
captured in the NLSY during the six years 
between 1986 and 1992. Few families could 
increase the number of children by more than 
a few over the six years. Consequently, the 
generalization of our results to situations in 
which families experience large increases in 
sibship size will have to wait for replications 
using data that capture substantially more 
sibsize changes. Promising data for such rep- 
lications may come from longitudinal stud- 
ies of intellectual growth in high-fertility de- 
veloping countries or from longitudinal stud- 
ies of intellectual growth that span consider- 
ably more than six years in low-fertility de- 
veloped countries. 

Although a study spanning more than six 
years would help, spans much longer than six 
years may not be necessary. The develop- 
ment of cognitive ability may be vulnerable 
to environmental influences only under a cer- 
tain age, beyond which cognitive ability may 
not be affected by sibship size. For instance, 
when a child's cognitive development is first 
assessed at age six, the maximum number of 
years we follow her or him may not need to 
exceed 10. In other words, cognitive ability 
may not be affected by sibship size after age 
16. This example illustrates our argument 
that long-term studies of 15 to 20 years that 
record all the births in large families may not 
be necessary for testing the resource dilution 
theory. For this reason, the moderate span of 
six years in our study may have captured 
some of the most important elements in the 
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relationship between family size and intel- 
lectual growth. 

While we agree that our conclusions are 
restricted by the limited amount of sibship- 
size changes captured in our study, the ab- 
sence of sibship-size effects seems primarily 
due to our theoretical and empirical approach 
rather than to an inadequate amount of varia- 
tion in fertility. Using the same NLSY data 
and the same outcome variables (PPVT and 
PIAT-R), Parcel and Menaghan (1994a) found 
that the 1986 PPVT is significantly predicted 
by whether additional children had been born 
during the child's first three years of life, and 
that the 1988 PIAT-R is significantly pre- 
dicted by the additional number of children 
born between 1986 and 1988 (1994b). The 
sibship-size changes in these two studies 
amount to only about one-half to one-third of 
the fertility changes in our study. The crucial 
difference seems to be that while Parcel and 
Menaghan used a semidifference model, we 
used a difference model. A semidifference 
model in this case is similar to the conven- 
tional analysis because the additional number 
of children born between 1986 and 1988 is 
likely to be correlated with family size. 

Our work casts doubt on the standard 
causal interpretation of the effect of family 
size on cognitive development and on the 
validity of the suggestion that everything else 
being equal, limiting the number of children 
in a family leads to more intelligent children. 
Yet, the findings from conventional analysis 
are still valuable in their own right. Family 
size can still be used to predict children's cog- 
nitive development. Sometimes it is unnec- 
essary to establish causality to predict. Even 
if the real causes are not observed, as long as 
we observe family size and as long as family 
size is correlated with the causes, we will be 
able to make good predictions. 

Downey's (1995) work illustrates another 
important use of traditional analysis. Downey 

assumes that the family-size effect is causal, 
and he proceeds to study the factors that me- 
diate the effect of family size. Even if the ef- 
fect of family size is not causal, the mediat- 
ing factors can be causal. These mediating 
factors are caused by something other than 
family size, and these mediating factors may 
in turn cause shifts in children's intellectual 
development. So even if we don't know ex- 
actly what family size represents, we do know 
it is something detrimental, and we know that 
the detrimental factor is mediated by other 
factors. Policy intervention can choose to fo- 
cus on the mediating factors without know- 
ing what family size really represents. 

However, the situation is dramatically dif- 
ferent for individual couples planning to limit 
family size to achieve more intelligent chil- 
dren. If family size does not causally affect 
children's intellectual development, couples 
who manipulate family size are not manipu- 
lating the real causes of intellectual develop- 
ment. In such a case, limiting family size will 
not lead to higher quality children. Our sys- 
tematic examination of sibling pairs and re- 
peated measures of the same individuals via 
the change models has shown that limiting 
family size does not lead to children with a 
higher level of intellectual development. 

Guang Guo is Assistant Professor of Sociology 
at the University of North Carolina at Chapel 
Hill. His recent work includes the timing of the 
poverty effect on children's intellectual develop- 
ment, the mechanisms mediating the effects of 
poverty on children's intellectual development, 
the environmental effects on the realization of ge- 
netic potential for intellectual development, ge- 
netic basisforfriendship selection, and the mixed 
models for behavior genetic analysis. 

Leah K. Van Wey is a Ph.D. student in the De- 
partment of Sociology at the University of North 
Carolina at Chapel Hill. Her interests include 
quantitative research methods, household deci- 
sion-making, and migration. 

Appendix A. Coefficients from Repeated Measures Analysis Showing the Effects of Sibship Size and Other 
Time-Varying Covariates on Change in Child's Scores on the PPVT, PIAT-R, and PIAT-M, 
by Race: Individual Samples, NLSY, 1992 and 1986 

Time-Varying Covariates All Races White Hispanic Black 

Peobody Picture Vocabulary Test (PPVT) 
Difference in: Sibship size .361 -.153 1.073 .244 

Child's age (in months) .036*** .016 .054** .048*** 

(Continued on next page) 
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(Appendix A continued from previous page) 

Time-Varying Covariates All Races White Hispanic Black 

Peobody Picture Vocabulary Test (PPVT) (Continued) 
Difference in: Family income (in $1,000s) .050 -.022 .171* .107* 

Family income (in $1,000s) .050 -.022 .171* .107* 
Mother's education .571 .956 .329 .260 
Never-married -.954 -4.086 6.605 -.899 
Divorced 1.991 .701 5.388* 1.593 

Number of cases 1,657 641 349 667 

R 2 .060 .019 .130 .091 

Peabody Individual Achievement Test-Reading (PIAT-R) 
Difference in: Sibship size .481 .749 .903 -.057 

Child's age (in months) -.062*** -.040** -.043* -.088*** 
Family income (in $1,000s) .047 .003 .125 .019 
Mother's education 1.559"* 1.059 2.647** .376 
Never-married 4.358** -1.158 1.118 3.820 
Divorced -.305 -2.675 .880 .857 

Number of cases 1,076 378 222 476 

R2 .113 .047 .068 .239 

Peabody Individual Achievement Test-Math (PIAT-M) 
Difference in: Sibship size 1.405* 1.903 3.143** .474 

Child's age (in months) _.034*** -.038** -.046** -.027* 
Family income (in $1,000s) .0089 -.030 .077 .038 
Mother's education .937 1.694* 1.995* -1.912 
Never-married 1.606 4.916 5.067 .707 
Divorced -.265 -.571 -.357 .784 

Number of cases 1,070 374 222 474 

R 2 .030 .044 .073 .034 

Note: Difference scores are constructed by subtracting the 1986 value of a variable from the 1992 value of that 
variable. 

p < .05 * < .01 * < .001 (two-tailed tests) 
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