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Sibling structure and educational achievement:
How do the number of siblings, birth order,
and birth spacing affect children’s vocabulary

competences?

Geschwisterstrukturen und Bildungserfolg:
Zur Bedeutung von Geschwisteranzahl, Geburtenreihenfolge
und Geburtenabstand fiir die Wortschatzkompetenzen von

Grundschulkindern

Abstract

Empirical evidence suggests that sibling structure
influences children’s educational outcomes:

While the negative effect of the number of sib-
lings is quite consistent, there are mixed findings
for birth order and birth spacing. According to the
resource dilution hypothesis, differences between
siblings occur because siblings have to share fam-
ily resources. Having a larger number of siblings,
being a later-born child as well as narrow age
gaps between siblings can affect the parental re-
sources available for each child, which may thus
negatively affect educational outcome. To study
the effects of sibling structure, we use longitudi-
nal data from the BiKS-8-14 study at the end of
elementary school, focusing on children’s vocab-
ulary competences.

Our results indicate an expected negative ef-
fect for increasing number of siblings particularly
when children originate from families with a low-
er educational background. Regarding birth order,
we also find differential effects by parents’ edu-
cation, as only children from less educated fami-
lies suffer from being a later-born child. No ef-
fects can be identified for children’s birth gaps in
relation to younger siblings as soon as number of
siblings is being considered, whereas longer spac-
ing between a child and his/her older siblings is
positively related to vocabulary competences.
With respect to possible changes across time, sib-
ling effects appear to be rather stable at the end of
primary education.

Zusammenfassung

Empirische Befunde weisen auf einen Einfluss
von Geschwisterstrukturen auf den Bildungser-
folg von Kindern hin: Wiahrend der negative Ein-
fluss der Geschwisteranzahl als unstrittig gilt,
zeigen sich unterschiedliche Ergebnisse hinsicht-
lich Geburtenreihenfolge und Geburtenabstand.
Nach der Resource-Dilution-Hypothese kdnnen
Disparitdten im Bildungserfolg darauf zuriickge-
filhrt werden, dass Ressourcen bei bestimmten fa-
milialen Strukturen aufgeteilt werden miissen.
Kinder mit einer groeren Geschwisteranzahl, spé-
ter geborene Kinder sowie Geschwister mit kurzen
Geburtenabstinden konnen durch geringere zur
Verfiigung stehende Ressourcen im Bildungser
werb benachteiligt sein. Mithilfe der Léngsschnitt-
studie BiKS-8-14 werden Geschwistereffekte bei
Kindern am Ende der Grundschulzeit hinsichtlich
ihrer Wortschatzkompetenzen untersucht.

Die Ergebnisse deuten auf einen negativen
Effekt groBerer Geschwisteranzahl hin, insbeson-
dere bei niedrigem familialen Bildungshinter-
grund. Mit Blick auf die Geburtenreihenfolge
konnen Nachteile im Wortschatz lediglich fiir
spéter geborene Kinder aus Familien mit niedri-
gen Bildungsniveaus festgestellt werden. Hinge-
gen zeigen sich keine Effekte beim Geburtenab-
stand zu jiingeren Geschwistern, sobald die An-
zahl der Geschwister beriicksichtigt wird, wah-
rend sich ein groBerer Geburtenabstand zu einem
lteren Geschwisterkind positiv auf den Wort-
schatz auswirkt. Weiterhin erweisen sich die
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Auswirkungen von Geschwisterstrukturen am
Ende der Grundschulzeit als duf3erst konstant.

Keywords: sibling structure, number of siblings, Schlagworter: Geschwister, Geschwisteranzahl,
birth order, birth spacing, educational outcome, Geburtenreihenfolge, Geburtenabstand, Bildungs-
longitudinal study, family resources erfolg, Langsschnittstudie, familiale Ressourcen

1. Introduction

Empirical research has repeatedly revealed the persistence of educational inequalities
caused by families’ human capital, economic, and cultural resources (e.g., Baumert et al.
2001; Prenzel et al. 2004; Becker 2004). Current research increasingly focuses on charac-
teristics influencing a child’s educational success in addition to classical social back-
ground characteristics as well as on underlying mechanisms leading to resource-specific
educational outcomes. From this perspective, the family structure (such as single-parent
families or family size) is an important dimension worth gaining attention (e.g., McLana-
han/Sandfur 1997; Ginther/Pollak 2003; Hannan/Halpin 2014). One crucial aspect of fam-
ily structures concerns the role of siblings in the course of educational attainment, as
components of sibling structures can generate inequalities.

Particularly U.S. studies provide evidence that children’s number of siblings, their po-
sition in the birth order as well as their age gaps to other siblings exert influence on vari-
ous educational outcomes, such as intelligence, school attainment, competence achieve-
ment, but also on employment, partnerships, or health outcomes (e.g., Hauser/Sewell 1985;
Downey 1995; Conley 2000; Steelman et al. 2002; Wolter 2003; Black et al. 2005; Ca-
ceres-Delpiano 2005; Kantarevic/Mechoulan 2006; Buckles/Munnich 2012; Nguyen
2013). This research focus has been largely neglected in the German context so far. Alt-
hough studies on diverse sibship topics, for instance relationships of siblings or rivalry be-
tween siblings, are quite elaborated (e.g., Kasten 1993a, 1993b, 1998, 2003), empirical re-
search in the context of sibship and education is rather rare (e.g., Bauer/Gang 2001; Hel-
big 2013; Schulze/Preisendorfer 2013) and should therefore be pursued in a more com-
prehensive way.

One prominent explanation on why sibship structure should be relevant for educa-
tional outcomes has been contributed by the resource dilution hypothesis, which states
that the availability of family resources is dependent on the number of children. In larger
families, resources (e.g., parental time or monetary resources) have to be distributed
among more children, which could negatively affect their educational outcomes. Further-
more, additional effects on family resources are expected for birth spacing and birth or-
der, as, for instance, smaller birth gaps may additionally reduce parental attention paid to
each child, and first-born children could potentially benefit more from time spent with
their parents than later-born siblings.
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However, from an empirical perspective the picture is not that clear. While empirical
findings quite consistently show a negative effect of an increasing number of siblings on
educational outcomes (e.g., Downey 1995; Conley/Glauber 2005), some studies do not
identify an independent effect of sibling group size when additionally controlling for birth
order (e.g., Black et al. 2005; Helbig 2013). Although birth order effects are mostly reported
to advantage first-borns and disadvantage last-borns (e.g., Behrman/Taubman 1986; Hér-
kdénen 2014), these findings are inconsistent, as some studies report opposite (e.g., Ejraes/
Portner 2002) or no effects (e.g., Hauser/Sewell 1985). Similarly, some studies reveal no ef-
fects of birth spacing on educational outcomes at all (e.g., Nguyen 2013), whereas others
confirm a negative effect of short birth gaps (e.g., Buckles/Munnich 2012; Powell/Steelman
1990, 1993). Besides — with only a few exceptions (e.g., Hanushek 1992; lacovou 2001) — it
is longitudinal analyses that are missing in this field of research, although it should be an in-
teresting aspect to examine the changing character of sibling effects over time.

In this paper, our aim is to analyze the effect of sibling group size, birth order, and
birth spacing on the competence development of elementary school students in Germany.
Using data from the BiKS research group (“Educational processes, competence develop-
ment and selection decisions in preschool- and school age”) allows us to study children’s
vocabulary competences across three biannual time points in the two German federal
states of Bavaria and Hesse. Before presenting our empirical approach and results, a re-
view of the theoretical background and current state of research on sibling structure and
educational outcome is given in the following.

2. Sibling effects: Theoretical considerations and empirical evidence

Concerning the effects of siblings on educational outcomes, various theoretical assump-
tions and a large body of empirical research exist. However, this has mostly been con-
ducted in the U.S. context, while in the German research literature, the role of sibling
components, such as the relationships of siblings or birth order, are merely addressed the-
oretically (e.g., Kasten 1993a, 1993b, 1998, 2003; Pinquart/Silbereisen 2009; Keddi et al.
2010) and rarely analyzed empirically. We are only aware of five empirical studies in
Germany that analyze the relationship of sibship and educational outcomes (Bauer/Gang
2001; Jacob 2010; Schulze/Preisenddrfer 2013; Helbig 2013; Héarkonen 2014).

From a theoretical perspective, two main approaches are prevalent to explain the in-
fluences of sibship on educational outcomes: the confluence model and the resource dilu-
tion hypothesis.
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The confluence model

The confluence model of Zajonc/Markus (1975) explains the development of intellect in a
family by taking the following factors into consideration: family size, birth order, and age
spacing. The authors argue that all three factors influence the intellectual development al-
together. The confluence model assumes a decreasing intellectual environment with in-
creasing family size as the family intelligence level is divided by the number of family
members'. Consequently, Zajonc/Markus (1975) presume that first-born children tend to
have a better intellectual development, because they share the intellectual environment
only with their parents. In contrast, a newborn (additional) child is born into a lower intel-
lectual environment that must be shared with the parents and the older sibling. Besides,
birth spacing is regarded as relevant: longer spacing supposedly signifies an advantage, as
the intellectual environment of the whole family rises — even though the overall family
size increases — during longer periods of birth gaps, which should, in turn, be beneficial to
the newborn child. However, this approach cannot be tested with our data and also needs
to be criticized. Since the model entirely concentrates on intellectual development, it does
not sufficiently explain in which way the intellectual environment influences educational
outcomes (Powell/Steelman 1990; Steelman et al. 2002), and while family size effects are
consistent with the theory’s assumption, there is criticism that birth order or birth spacing
are not (Steelman et al. 2002).

The resource dilution hypothesis

In our study, we therefore primarily focus on the second approach: the resource dilution
hypothesis. This hypothesis was first brought up by Dumon (1890) and was further devel-
oped e.g., by Blake (1989) and Steelman et al. (2002). The underlying mechanism can be
explained easily: In each family, resources are available that need to be shared between
children. Family resources include several kinds of resources such as parental time spent
with children (e.g., Blake 1989; Hanushek 1992), material goods (e.g., Powell/Steelman
1989, 1991, 1993), cultural opportunities (e.g., Blake 1989; Downey 1995), intellectual
stimulation (e.g., Powell/Steelman 1990), and human capital (e.g. Bagger et al. 2013), to
mention just a few examples.

1 Zajonc/Markus (1975) calculate the intellectual environment of families the following way: Each
parent has an intellectual value of 100, whereas newborns have a value of near zero. The value of
newborns increases with age, which leads to an increase of the intellectual environment within the
family. Considering this assumption, the intellectual environment for a family with two parents and
a newborn is calculated as follows: (100 + 100 + 0)/3 = 67. However, for a family with two parents,
a first-born child that has reached an intellectual value of 40 and a second born child with a value of
near zero, the intellectual environment decreases to (100 + 100 + 40 + 0)/4 = 60.
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Number of siblings

“The amount of resources that can be allocated to any given child, though, depends not
only on the amount of resources in the family (e.g., parental income) but also upon the
number of children (and, collaterally, how they are spread out in age). In other words, the
larger the family, the greater the dilution of resources, and in turn the lower the educa-
tional progress of the child” (Steelman et al. 2002: 251). Therefore, the driving factor in
this model is the number of children, which influences the amount of resources available
within a family.

Since the mid-1960s the function of sibship size has been conclusively proven empir-
ically, revealing a quite consistent picture and confirming the model’s assumption: With a
rising number of siblings, educational outcomes decrease (e.g., Blau/Duncan 1967; Feath-
erman/Hauser 1978; Blake 1981, 1985, 1989; Hanushek 1992; Powell/Steelman 1993;
Downey 1995; Conley/Glauber 2005; Jaeger 2007; Bagger et al. 2013; Helbig 2013), and
this negative effect of sibling group size remains robust also when families’ socioeconom-
ic positions are being considered (e.g., Blake 1989; Iacovou 2001). However, Bauer and
Gang (2001) did not identify an overall sibship size effect with respect to years of school-
ing in the German context, expect for the group of West German males and foreign-born
females both having only sisters in the family. The authors attribute the non-significant
main effect of sibling size to comparatively low costs of schooling in Germany.

Birth order

Linking the resource dilution model to birth order, it is assumed that children born in dif-
ferent sibling ranks should be affected by the resource distribution. For example, first-
borns do not have to share family resources, such as parental time or parental involve-
ment, with other siblings — at least for a certain amount of time — a condition from which
first-born children particularly benefit (e.g., Behrman/Taubman, 1986; Steelman et al.
2002; Jaeger 2007) early in life and which they may maintain even later on (e.g., Kantar-
evic/Mechoulan 2006), whereas later-born children have to share these kind of resources
with their older siblings right from the beginning.

Although empirical evidence with regard to birth order is quite mixed, it is mostly first-
born children that are found to have better educational chances than later-borns, as shown
by Behrman/Taubman (1986), lacovou (2001), Kantarevic/Mechoulan (2006), Bagger et al.
(2013), Schulze/Preisendorfer (2013), and Hérkonen (2014) for different educational out-
comes (such as years of schooling, school grades, or test scores). However, other research-
ers could not discover the theoretically expected positive effects for first-borns (e.g., Jaeger
2007; Ejrnaes/Portner 2002). According to Hauser and Sewell (1985), there is no independ-
ent influence of birth order on educational attainment as soon as relevant variables (such as
parental education) are controlled for, as “[...] the effect of the socioeconomic variables,
particularly parents’ education, eliminates the suppressor effect that led to the appearance of
birth order differentials in schooling” (Hauser/Sewell 1985: 19).
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For Germany, recent studies by Helbig (2013) and Schulze/Preisendorfer (2013) have al-
so revealed mixed results: According to Helbig (2013), the fact of having older siblings who
attended the academic secondary school track (“Gymnasium™) or acquired the German uni-
versity entrance qualification (“Abitur”) increases children’s chances to attend the academic
track themselves. If this is not given, transition probabilities are negative for the younger
child. The positive finding could be explained by parents’ higher educational aspirations for
their children when older children attended “Gymnasium” or acquire “Abitur” (Helbig 2013).
Schulze/Preisenddrfer (2013) show that parents of high socioeconomic status show lower
educational aspirations for their later-borns if older children have already reached a higher
secondary educational degree. The contrary is the case in less privileged families: Here, older
siblings’ participation in higher secondary education leads to more ambitious educational as-
pirations for the younger child. These results are explained by the family’s motive for status
maintenance, which in families of high socioeconomic status is already achieved as soon as
an older child reaches a higher level of education, whereas in families of lower socioeconom-
ic status parents “learn” from their older children and therefore increase their educational as-
pirations for the younger children (Schulze/Preisendérfer 2013).

Birth spacing

Besides the number of siblings and birth order, birth spacing can influence the dilution of
resources as well. Larger birth gaps can positively influence economic investments in
children, as parents with children born in wider intervals have the opportunity to recoup
their capital for expensive investments in all their children (Steelman et al. 2002). Close
spacing, on the one hand, is assumed to be disadvantageous, as families — for example —
might not be able to afford tuition fees for each child during their school years (e.g., Pow-
ell/Steelman 1993) or parents have to limit their time spent with each child (e.g., reading
and playing; Powell/Steelman 1990, 1993; Buckles/Munnich 2012). On the other hand,
short birth gaps can also be positive in some respect, as parents have the opportunity to
share the costs of clothes or toys between closely aged children (Steelman et al. 2002).
Generally, research on birth spacing and educational outcomes appears to be less prom-
inent when compared with analyses on number of siblings and birth order, which is mainly
a problem of data availability on birth gaps. Due to data constraints, birth spacing is often
measured inappropriately (Powell/Steelman 1993; Petterson-Lidbom/Thoursie 2009) and is
sometimes even replaced by the use of birth order or family size (Powell/Steelman 1993).
The few existing studies are mainly supporting the theoretical assumptions: For ex-
ample, Powell/Steelman (1990, 1993) found negative effects of short birth gaps on verbal
and math abilities, school grades, and high school completion, as well as attending post-
secondary education, and closer birth spacing negatively affects the dilution of family re-
sources, such as reading to children in preschool, verbal interaction with parents, and eco-
nomic investments in children. Black et al. (2005) also identify a significant effect of birth
spacing for earlier born children in families having lower educational outcomes when two
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closely spaced younger siblings are present. Buckles/Munnich (2012) show positive ef-
fects of longer spacing on math and verbal test scores for older — but not for younger —
siblings and find higher parental investment in older siblings when birth gaps are larger:
The likelihood of daily reading to the older child at preschool age increases with longer
spacing, whereas the older child’s time spent watching television decreases with larger
birth gaps. Furthermore, the likelihood of having more books in the household increases
with longer spacing. Nguyen (2013)* shows positive as well as no effects of birth spacing
for different stages in the life course considering various educational outcomes. In young
adulthood, both younger and older siblings profit from longer spacing with regard to years
of education; however, concerning the likelihood of college enrollment only younger sib-
lings are found to benefit from larger gaps. No birth spacing effects could be identified for
the groups of adolescents and young adults on test scores as well as for the group of
adults on the outcomes of years of schooling, college degree, and labor earnings. These
findings suggest that the effect of birth spacing on educational outcomes and family re-
sources changes across the life course (Nguyen 2013).

Extensions to the resource dilution model

Although the resource dilution hypothesis easily explains the mechanism of sibling struc-
ture on educational success, the theory’s assumptions can be further extended, as they do
not regard specifications such as interdependencies of sibling structure components,
group effects or a longitudinal perspective.

Interdependency of sibling structure components

First, the model does not consider the interdependency between sibling size, birth order,
and birth spacing influencing the distribution of family resources and thus affecting chil-
dren’s educational outcomes. For example, Hanushek (1992) found no birth order effects
for small families and a U-shaped effect for children in larger families, as first- or last-
born children achieve a higher educational performance. Additionally, Héarkoénen (2014)
and Hauser/Sewell (1985) found smaller birth order effects in larger families. These re-
sults indicate advantages for first-born children early on in life when living in a larger
family and therefore receiving more attention — just as later-born children who enjoy
these advantages later on in their life course (e.g., Hauser/Sewell 1985; Hanushek 1992;
Harkonen 2014). However, Black et al. (2005), Conley/Glauber (2005), and Helbig
(2013) could not identify sibship size effects when birth order is controlled for. In these
studies, the sibling effect on educational outcomes refers back to having older siblings.

2 The author examined three different life stages, divided into adolescence (12 to 18 years), young adult-
hood (19 to 24 years), and adulthood (25 to 32 years). Depending on these life stages, different educa-
tional outcomes were being considered: test scores for the groups of adolescents and young adults,
years of schooling for the groups of young adults and adults, or labor earnings for the group of adults.
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Moreover, the interrelation of birth order and birth spacing can also be assumed to af-
fect the distribution of family resources: Assuming that first-born children per se benefit
of family resources until another newborn arrives, this positive effect should increase with
wider age gap to the next sibling. Price (2008, 2010), for example, found a higher invest-
ment of parental time in first-born children when birth gaps are large, as differences for
birth order additionally increase with wider age spacing. In contrast, even negative effects
for first-born children are conceivable. For example, later-born children may profit from
higher financial resources as family income increases with parents’ age (e.g., Kalmijn/
Kraaykamp 2005; Jaeger 2007; Zerle et al. 2012), moreover so when birth spacing among
children is larger (e.g. Behrman/Taubman 1986). As shown by Powell/Steelman (1995),
lower financial investments are made for older siblings when children are closely spaced.
The authors generally suggest that later-born children have advantages in terms of paren-
tal support, as they benefit from parents’ later life cycle and furthermore from the self-
reliance of their older siblings (e.g., moving out from the household).

Another assumption, which has been neglected in the resource dilution model, is the
important role of older siblings, particularly those with larger birth gaps: older siblings
can also function as role models and teachers, because with larger gaps the older siblings’
competences and knowledge become more advanced — hence, turning into a resource per
se, from which the younger sibling can benefit. For example, Helbig (2013) found that
older children increase the competences of their younger siblings by teaching them, which
becomes especially evident in single-parent households.

Differential group effects

Additionally, the resource dilution model cannot successfully explain why the effect of
sibship size on educational outcomes differs for various groups (e.g., high-income versus
low-income families or different religious groups; Steelman et al. 2002) as evidenced by
some studies. For example, Downey/Neubauer (1998) found a larger number of siblings
to negatively affect educational success of children from high-income, but not from low-
income families. This finding suggests that an increasing number of siblings especially af-
fects surplus resources (e.g., resources for long-term opportunities, which are not neces-
sary for survival), as parents invest in surplus resources only when the base resources
(e.g., resources necessary for survival) are ensured (Downey 2001; Steelman et al. 2002).
However, lacovou (2001) showed the opposite effect, as children with non-manual family
background face fewer disadvantages than children originating from families working in
manual occupations or families with financial problems when the number of siblings in-
creases. For birth order, lacovou (2001) found no overall effect assuming that families
with varying financial constraints are differently affected by the number of children, be-
cause families with a higher social background are better able to take out a loan for in-
vestments in their children.
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Longitudinal perspective

A further point of critique of the resource dilution hypothesis concerns the lack of assump-
tions regarding children’s development, and thus refrains from taking a life course perspec-
tive. For example, first-born children should profit of both longer birth spacing and an initial
advantage, supposedly lasting for a lifetime, while the further skill development of siblings
is assumed to run parallel. The same holds true for empirical work on sibling structure ef-
fects: although often panel data sets are used (e.g., National Longitudinal Survey of Youth
1979 (NLSY79), National Longitudinal Study of Adolescent Health (Add Health), Wiscon-
sin Longitudinal Study (WLS)), it is cross-sectional methods that are mainly applied, study-
ing educational outcomes at one point in time. Possible changes in the effects of sibling
structure on educational outcomes or even on later life outcomes are therefore not being
considered (e.g., Kantarevic/Mechoulan 2006; Buckles/Munnich 2012).

To our knowledge, only two studies exist that employ longitudinal analyses (Hanu-
shek 1992; Iacovou 2001). Hanushek (1992) focused on vocabulary and reading compe-
tences from school grade two to six in the US, indicating that achievement growths weak-
en with a rising number of siblings. No effects on achievement outcomes were identified
for birth order, spacing or age structure of the family when family size was controlled for.
Hanushek (1992) concluded that achievement growth during school time particularly is
ascribed to the number of (competing) siblings and the quality of parental time. Likewise,
Iacovou (2001) analyzed the relationship between the number of siblings and birth order
on mathematics and reading test scores at age 7, 11, and 16 for the UK. Overall, results
show lower performance in mathematics and reading over time with increasing number of
siblings and for later-born children.

To sum up, the theoretical assumption of the resource dilution hypothesis can sub-
stantively contribute to the explanation of sibling structure effects on educational outcome
and is largely supported empirically. However, the model needs to be extended with re-
spect to the interdependency of sibling structure effects, mechanisms leading to differen-
tial group effects, and assumptions concerning varying effects over the life course.

3. Research questions and hypotheses

Studying the role of sibship size, birth order position, and birth spacing for children’s
competence development, we pose the following questions:

1. Does a larger number of siblings negatively affect educational achievement?

In line with the resource dilution hypothesis, most studies on sibship size confirm a nega-
tive effect on educational outcomes with an increasing number of siblings (e.g., Downey
1995; Harkonen 2014), as family resources decrease with every additional child. Children
from larger families receive less parental time (e.g., reading), fewer material investments
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from their parents, or fewer cultural activities (e.g., Blake 1989; Powell/Steelman 1989,
1991, 1993) from which they can benefit. Therefore, we expect lower educational out-
comes for children with a higher number of siblings.

2. Do first-born children show better educational outcomes compared to later-born
children?

Consistent with the resource dilution hypothesis, most empirical findings on birth order
show an educational advantage of being a first-born child (e.g., Behrman/Taubman 1986;
Schulze/Preisenddrfer 2013), as to be explained by the advantage of being an only child
before a newborn arrives. In this phase, first-born children benefit from the undivided
family resources in terms of parental time (e.g., reading to or playing with child) or hav-
ing stronger endowment effects (e.g., Price 2008). Thus, we expect first-born children to
reach higher achievement levels than later-borns.

3. Do children’s educational outcomes vary by the size of the age gap to their younger
or older siblings?

Beyond effects of sibship size and birth order, we are interested in whether or not differ-
ences in educational achievement are linked to birth spacing. As assumed by the resource
dilution hypothesis and indicated by some previous research, educational outcome de-
creases with smaller birth gaps (e.g., Powell/Steelman 1990). Therefore, we expect longer
birth spacing to have positive effects on children’s achievement, as with larger birth gaps
the available parental resources can be distributed more evenly between the children. In
addition to this assumption of the resource dilution hypothesis, we further expect an inter-
dependent sibling structure effect: For earlier born children, a small birth gap to a younger
sibling may be of particular disadvantage, as the newborn demands special attention,
which might be provided at the cost of the older child. As with regard to later-born chil-
dren, a larger age gap to the older siblings could be particularly beneficial, because the
latter could function as role models and teachers to the younger sibling and therefore be-
come an additional family resource per se. Alternatively, older siblings do not need the
same amount of parental attention (e.g., in doing homework) as do younger siblings be-
cause of their higher degree of self-reliance (e.g., Powell/Steelman 1995).

4. How does families’ socioeconomic and cultural background influence sibling
structure effects?

As theoretically assumed, some studies show the independent relevance sibling structure
exerts on children’s educational outcomes above and beyond the families’ socioeconomic
status (e.g., Blake 1989; Iacovou 2001). Besides, studies revealed differential sibling
structure effects with respect to family background. For example, interaction effects are
found for families’ social status and sibling size, indicating positive effects for higher sta-
tus families with increasing number of siblings, whereas lower social status families evi-
dence negative effects when having more children (e.g., lacovou 2001). This suggests that
families with different social backgrounds vary in their opportunities to compensate sib-
ling structure effects. According to these results, we first assume sibling structure effects
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to be relevant even when family background is held constant and second, as an extension
of the resource dilution model, we expect an additional disadvantage of having a larger
number of siblings, being a later-born child, and of close birth spacing for children from
lower socioeconomic and cultural background.

5. If'there is evidence for sibling structure effects on educational outcomes, do they
remain stable or vary across the two school years under study?

Up to now, only little is known about any possible time-varying influences of sibling
structure (Hanushek 1992; lacovou 2001). Therefore, no general hypothesis is formulated
in this regard. However, when looking at the specific educational stage under study — the
end of primary education — this is well known to be an important time in children’s educa-
tional career, as the transition to secondary school is most crucial in the German school
system. It largely determines children’s further educational opportunities, as the hierar-
chically organized secondary school types strongly vary in curricula and performance re-
quirements. Hence, one could assume that family resources become increasingly relevant
with the approaching transition to secondary school as the pressure on children’s academ-
ic achievement rises. Thus, parental time and effort spent on the child may gain im-
portance during this particular space of time, which could imply stronger effects of sibling
structure. However, there is also reason to assume stability of sibling effects at the end of
elementary school, as — for instance — the initial advantage of being a first-born (receiving
undivided attention from the parents) should be established in early childhood and might
constantly persist during the later course of childhood, as siblings’ further development
may run rather parallel.

4. Data and variables

To answer our research questions, we use data from the interdisciplinary longitudinal
study BiKS (“Bildungsprozesse, Kompetenzentwicklung und Selektionsentscheidungen
im Vorschul- und Schulalter [Educational processes, competence development and selec-
tion decisions in preschool- and school age]”). The BiKS study is composed of two longi-
tudinal surveys running from 2006 to 2012: BiKS-3-10, following kindergarten children
(from age 3 up to age 5) into elementary school (from age 6 up to age 10), and BiKS-8-
14, following children from age 8 up to age 14 (von Maurice et al. 2007).

In our analysis, we concentrate on the first three waves of BiKS-8-14, which were
conducted biannually when children attended third and fourth grade of elementary school
in the years 2006 to 2007. The sample consists of overall 2,395 children distributed across
155 classes within 82 schools in two German federal states (51 schools in Bavaria, 31
schools in Hesse). Different research instruments were implemented: competence meas-
urements, paper-and-pencil questionnaires for children as well as for teachers, and tele-
phone interviews with the parents (von Maurice et al. 2007).
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Besides the achievement measures of children’s vocabulary competences repeated in
all three waves, we use data from the parents’ questionnaire providing information on the
target child, the siblings, the family structure, and family resources. Thus, in comparison
with many other data sources applied for sibling structure research, the BiKS study offers
a wide range of research potential, as the longitudinal design allows analyzing children’s
competence developments over time and provides very specific information both on the
target child and on all the siblings.

In the first wave, our analytical sample comprises 2,009 children after case-wise dele-
tion of children with missing values on relevant indicators. Due to panel mortality, the
sample has been reduced down to 1,807 at the second and to 1,607 at the third wave. We
consider all children participating in at least one of the three waves, which results in a to-
tal case number of 2,098.

As we pursue to capture actual differences in achievement rather than performance
subjectively affected by teachers’ judgments (such as school grades), we focus on chil-
dren’s competence test scores in vocabulary. Children are found to vary in their vocabu-
lary development during school time (e.g., Nagy/Herman 1987), also depending on their
parents’ educational and socioeconomic background (e.g., Chall et al. 1990; Chall/Jacobs
2003; Hart/Risley 1995, 2003). The German version of the vocabulary subtest of the cul-
ture fair intelligence test (CFT 20, WS; Weill 1998) measures the vocabulary of the ver-
nacular, comprising 30 words for which children have to select synonyms that are pre-
sented to them as predefined response options’. The mean test scores in the sample in-
crease from 14.62 at wave one to 19.35 in wave three.

Sibling structure is measured as follows®:

The number of siblings is given by the absolute number of a child’s siblings including bi-
ological, adopted, foster, and stepchildren. The number of the target child’s siblings rang-
es from 0 to 10, with a mean of 1.31.

Birth order was generated by the birth dates of all children in the family. As most of
the children are either first- (47%) or second-born (37%), with only 13% being third-born
and 3% fourth- or later-born children, we coded the birth order as a dummy variable: 0
for first-born and 1 for later-born target children.

Birth spacing is defined as the difference in age of the target child in relation to the
next older and next younger child in years. We categorized birth spacing into small birth
gaps (range: 0 to 2 years), middle range birth gaps (range: more than 2 up to 6 years) and
large birth gaps (range: more than 6 years). The intermediate category is chosen as refer-

3 Note that the processing time for vocabulary measure was 10 minutes in the first wave and 8
minutes in the second and third wave; however, this should not affect our results concerning sibling-
structure effects in any substantial way.

4  Changes in sibling structure across waves occurred in only about 1% of all families in the sample
and are therefore neglected.
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ence. Furthermore, we operationalized two dummy variables, indicating whether or not
any older or younger siblings are present (0 = an older or younger sibling is present and 1
= no older or younger sibling is present). In total, 54% of the target children have older
siblings with a mean birth gap of 2.33 years, and 45% have younger siblings with a mean
gap of 1.49 years.

Family resources were measured by the following indicators:

First, the highest ISEI (International Socio-Economic Index of Occupational Status) score
in the household (Ganzeboom et al. 1992) represents the families’ socioeconomic re-
sources. On average, parents hold a score of 50.75 in the sample.

Second, families’ human capital is measured by parents’ highest educational level (1
for high educational level = at least higher secondary educational degree “Abitur” and 0
for lower educational level = intermediate secondary educational degree “Mittlere Reife”
or less). Overall, 43% of all children are from families with a high educational level.

Third, cultural capital in the family is captured by parents’ activities with the target
child. The main caregivers were asked “In the past year, how many times did you visit the
following places together with [target child]?”, containing the following five options of
“museum”, “library”, “children’s theater”, “children’s concert”, and “zoo or wildlife

LRI

park”. Parents could respond with “at least once a week”, “at least once a month”, “sever-
al times a year”, “less than several times a year”, “never”. The items are considered as a
composite measure derived from factor analysis with an alpha of .55.

Additionally, the age of the main caregiver at the target child’s birth is considered (in
years) with a mean age of 29.48 in the sample. In 92% of the cases, the main caregivers

are mothers.

In all models, the following control variables are considered:

A dummy variable indicating whether the target person is an only child, the child’s age,
gender, and whether he/she has a migration background.

Table 1 provides a descriptive overview of the indicators used.

Table I:  Description of variables

Variable Description of variable N Mean Std. dev. Min. Max.
Dependent Variable
Vocabulary CFT 20, WS, range 0-30 2009 14.62 4.93 0 29
Wave 1 (2™ semester grade 3)
CFT 20, WS, range 0-30 1807 17.38 4.60 3 28
Wave 2 (1% semester grade 4)
CFT 20, WS, range 0-30 1607 19.35 4.55 2 29

Wave 3 (2"d semester grade 4)
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Variable Description of variable N Mean Std. dev. Min. Max.
Sibling structure
Number Total no. of target child’s 2098 1.31 .99 0 10
of siblings siblings
Birth order First-born = 0; later-born = 1 2098 .53 - - -
Birth spacing to  Age gap to next younger 2098 .66 - - -
younger siblings sibling; up to 2 years
Age gap to next younger sibling; 2098 .29 - - -
more than 2 up to 6 years
Age gap to next younger sibling; 2098 .05 - - -
more than 6 years
No younger 0 = having younger siblings; 2098 .55 - - -
siblings 1 = no younger siblings
Birth spacing to  Age gap to next older sibling; 2098 .58 - - -
older siblings up to 2 years
Age gap to next older sibling; 2098 .31 - - -
more than 2 up to 6 years
Age gap to next older sibling; 2098 11 - - -
more than 6 years
No older siblings 0 = having older siblings; 2098 A7 - - -
1 = no older siblings
Family resources
HISEI Highest ISEI score in the 2098 50.75 16.28 16 90
household, range 16-90
Highest Highest educational level in the 2098 43 - - -
education household,0 = low; 1 = high
Cultural Factor score of parents' 2098 .00 .1.01 -2.03 3.74
capital activities with the target child
Age at Main caregiver's age at target 2098 29.48 5.23 15 58
child birth child’s birth in years
Control variables
Only child 0 = siblings present; 2098 15 - - -
1 = only child
Age Target child's age in years 2098 9.50 .58 8 12
at wave 1
Gender Target child's gender, 2098 48 - - -
0 = male; 1 = female
Migration back- 0 = target child's parents born 2098 22 - - -

ground

in Germany; 1 = at least one
parent born abroad

5 Methodological approach

In order to study sibling effects across three waves including possible changes over time,
we apply linear latent growth curve models (LGMs). The average competence level of the
three waves is taken as a dependent variable, and an overall pattern of change over time
can be investigated alongside effects of explanatory variables on the temporal pattern.
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Stepwise, we include additional indicators in altogether 14 models (with control vari-
ables considered in all models to hold differences occurring to these attributes constant).
To examine the overall effect of all sibling features, we estimate separate models for the
three components of sibling structure (number of siblings, birth order, and birth spacing)
with and without controlling for family resources. Furthermore, significant interaction
terms are presented testing for differential group effects, and slope effects are estimated
separately for each sibling indicator to capture respective changes across waves.

Table 2: Linear latent growth curve models (LGMs) on vocabulary test scores (wave 1-3):
Number of siblings and birth order

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Wave 2.44* 2.27* 2.31* 2.20** 2.27* 2.31** 2.22**
Sibling structure
Number of siblings =72 -.68** - 78 =73 -.62** -.62** -.70**
Birth order -43* -.48+ -.34
Family resources
HISEI .03** .03** .03** .03**
Highest education 1.41** 1.81** 1.41** 1.39** 1.95** 1.39**
Cultural capital .23* .23* 21 21
Age at child birth .06** .06™* .07** .07**
Interaction terms
Number of siblings* 34+
highest education
Birth order*highest .55+
education
Slope effects
Number of siblings*time .05 .07
Birth order*time -.08
Control variables
Only child -.25 -.33 -.20 -.34 -.50 -.33 -.50
Age -.40% -.06 -14 -.06 -.06 -14 -.06
Gender -.29 -.31 -.29 -.31 -.30 -.28 -.30
Migration background -1.54* -1.26% -1.56** -1.26** -1.28* -1.59** -1.28*
Constant 20.02** 12.59* 16.60** 12.66** 12.53** 16.75** 12.58**
Random part
Slope variance .99 1.00 .99 .99 .99 .99 .99
Intercept variance 18.26 16.69 17.04 16.69 16.68 17.01 16.67
Intercept/slope -1.50 -1.51 -1.50 -1.51 -1.52 -1.49 -1.52
covariance
Wave: variance 4.77 4.76 4.76 4.76 4.76 4.76 4.76

Source: BiKS 8-14, wave 1-3, + p<0.10, * p<0.05, ** p<0.01, n(observations): 5423, n(children): 2098,
linear regression models with random intercept and random slope (robust standard errors), ICC of null
model at 2" level: .83
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Table 3: Linear latent growth curve models (LGMs) on vocabulary test scores (Wave 1-3):

Birth spacing
Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 Model 14
Wave 2.48* 2.44* 2.26* 2.22* 2.45* 2.27* 2.09*
Sibling structure
Number of siblings -T2 -70** -74** -.66* -.63** -70**
Birth spacing to
younger siblings:
<=2 years -.60 + -.35 -41 -.37
> 6 years -17 -.08 .16 .03
No younger siblings .34 .01 .01 .01
Birth spacing to
older siblings:
<=2 years .22 .36 .21
> 6 years .84~ .84~ 73+
No older siblings .39 .30 .30
Family resources
HISEI .03* .03* .03* .03*
Highest education 1.38* 1.38* 1.42* 1.42*
Cultural capital 21* 21* .20* .20*
Age at child birth .07* .07* .07* .07*
Slope effects
Number of siblings*time .05 .07
Birth spacing to
younger siblings*time:
<= 2 years*time -.04
> 6 years*time 11
Birth spacing to
older siblings*time:
<= 2 years*time 14
> 6 years*time 1
Control variables
Only child .89 ** -12 =17 -17 -41 -.50 -.51
Age -48* -40* -.05 -.05 -41* -.07 -.07
Gender -.24 =27 -29 -29 -27 -29 -.29
Migration background -1.67* -1.56 ** -1.28** -1.28** -1.59 ** -1.31* -1.31*
Constant 19.87 ** 20.16** 12.47 ** 12.51* 19.69 ** 12.08 ** 12.26 **
Random part
Slope variance 1.00 .99 1.00 .99 .99 .99 .98
Intercept variance 18.64 18.24 16.67 16.66 18.20 16.63 16.62
Intercept/slope -1.53 -1.50 -1.53 -1.563 -1.51 -1.53 -1.52
covariance
Wave: variance 4.76 4.77 4.76 4.76 4.77 4.76 4.77

Source: BiKS 8-14, wave 1-3, + p<0.10, * p<0.05, ** p<0.01, n(observations): 5423, n(children): 2098,
linear regression models with random intercept and random slope (robust standard errors), ICC of null
model at 2™ level: .83
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As children in the BiKS sample are clustered in school classes, we review whether the
consideration of a third-level — the level of school classes — is necessary. However, only
about 4% of variance in vocabulary competences is due to differences between school
classes. Therefore, a two-level random intercept, random slope model is applied to ana-
lyze individual change in vocabulary competences over time. In order to capture the clus-
tering of children in school classes sufficiently, robust standard errors are estimated.

6 Results

The multivariate regression results are displayed in Table 2 and 3. In a first step, the number
of siblings is introduced in addition to the control variables (model 1). As expected from the
theoretical and empirical literature, it can be confirmed that, on average, more siblings mean
lower vocabulary competences. In a next step, it is the independent effect of sibship size on
families’ socioeconomic, cultural resources and the parent’s age at child birth that is particu-
larly being considered (model 2): the negative effect of the number of siblings decreases on-
ly slightly from -.72 to -.68 and remains highly significant. Thus — in line with our hypothe-
sis — sibling size substantially affects competences beyond family resources. However, as
suggested from prior research, family resources may be diluted differently, depending on
the families’ social status. Therefore, we are not only interested in the overall net effect of
sibling indicators, but also in possible differential effects by parents’ resources. Consequent-
ly, all theoretically relevant interaction terms were tested, resulting in one significant effect
concerning the number of siblings reported in model 3 and illustrated in figure 1: Particular-
ly when children originate from families with lower educational background, a higher num-
ber of siblings mean a widening additional disadvantage for children’s vocabulary compe-
tences. This confirms the assumption that families with a higher educational level can better
compensate for this negative effect, because their children are able to benefit more from the
culture capital that rests within the family. This is particularly relevant, as lower educated
parents on average have more children (2.36) than higher educated ones (2.25). Concerning
changes over time, we modeled the slope effect for number of siblings in model 4, which
does not reveal a significant result. Thus, the children’s number of siblings has a stable in-
fluence during third and fourth grade of elementary school.

Models 5 to 7 investigate the significance of birth order controlling for family size.
The theoretically expected negative effect of being a later-born child becomes evident be-
fore (not shown) and after controlling for family resources (model 5). Thus, it can be con-
cluded that, on average, birth order has an impact on the dilution of resources, as children
do benefit from being a first-born with respect to their vocabulary competences. When
testing for interaction terms, a differential educational background effect becomes visible
once again (model 6 and figure 2): Whereas in highly educated families, birth order ap-
pears to be quite irrelevant to children’s vocabulary, being a second- or later-born child
implies an additional disadvantage in lower educated families. This means that later-born



Zeitschrift fiir Familienforschung, 26. Jahrg., Heft 3/2014, S. 372-396 389

children in less educated families perform worse than first-borns, even when the number
of siblings is held constant. Therefore, the resource dilution argumentation on birth order
seems to be relevant only when cultural resources are limited, as less educated families
cannot compensate for effects of birth order position. In model 7, the insignificant slope
effect of birth order once again indicates a high stability across waves.

Figure I: Interaction effect of number of siblings and families’ educational level

Predicted values
for vocabulary competences

4 6
Number of siblings

Parental educational level
—=—— Low educational level ——®—- High educational level

Source: BiKS 8-14, wave 1-3, model 3, n(observations): 5423, n(children): 2098, controlled for wave,
only child, age, gender, migration background

In models 8 to 14 (table 3), we turn to the analysis of birth spacing. We estimate the ef-
fects of having younger and older siblings separately. Model 8 shows that the size of birth
gap in relation to younger siblings only is relevant when birth gaps are small, while longer
gaps do not significantly affect the child’s vocabulary competences. This result supports
our hypothesis that particularly a shortly spaced newborn means a disadvantage to the
older child. However, including the number of siblings (model 9) and family resources
(model 10), this negative effect for birth gaps up to two years disappears. Besides missing
independent effects of birth gaps to younger siblings, also no differential group effects
(not shown) as well as slope effects (model 11) can be identified.
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Figure 2: Interaction effect of birth order and families’ educational level
204
19
184
17

16~.\.

154

Predicted values
for vocabulary competences

4 B
Birth order

Parental educational level
—=—— Low educational level ——®—- High educational level

Source: BiKS 8-14, wave 1-3, model 6, n(observations): 5423, n(children): 2098, controlled for wave,
number of siblings, only child, age, gender, migration background

Regarding birth spacing in relation to older siblings, our analysis reveals a significant pos-
itive effect for larger birth gaps (of more than 6 years), also when the number of sibling is
considered (model 12). Although slightly weakened, this independent effect remains
when controlling for occupational status, education, cultural capital and the parent’s age
at child birth (model 13). Again, no differential group effects (not shown) and slope ef-
fects (model 14) can be identified for birth spacing to older siblings. Overall, the results
confirm our assumption on the role of birth spacing, as children with longer spaced older
siblings are suggested to benefit twice: First, they benefit from a larger amount of family
resources, because the older children require less of their parents’ time as they are more
self-reliant. And second, they seem to gain an advantage by learning from the older sib-
ling. This is an important result, because this clearly shows that studies replacing birth
spacing by birth order or neglecting the role of birth spacing altogether are missing an
important part of the picture and might thus be misled in their substantive interpretation of
sibling structure effects.

As for none of the sibling indicators, a slope effect could be revealed, and thus a sta-
ble influence is observed, the expectation of their rising relevance before the transition to
secondary school cannot be confirmed. However, what must be conceded is that the time
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period under study is rather short (1.5 years). Instead, any possible long-term effects may
become discernible if the observation window were to be extended.

7  Conclusion

The aim of this study has been to analyze the role of sibling structure components on educa-
tional achievement. This was motivated by a lack of German research in this field, whereas
especially U.S. American research could show that — apart from the effects of social back-
ground characteristics and other influences of the familial learning environment — sibling
structure plays an additional role in the acquisition of education. Although the impact of sib-
ship size can be widely confirmed, findings on birth order, and in particular on birth spac-
ing, are rather mixed.

Regarding our theoretical approach, we have concentrated on the argumentation of
the resource dilution hypothesis, which assumes that differences between siblings occur,
because they have to share family resources (e.g., parental time, parental investments, or
cultural activities). Having a larger number of siblings, being a later-born child, as well as
narrow gaps in relation to the other siblings can affect the parental resources available for
each child — which may thus negatively affect educational outcome.

As for sibship size, the hypothesis can be clearly confirmed with our analysis. Addi-
tionally, we have been able to show that especially children from lower educated families
are negatively affected by a larger number of siblings. Thus, families with better re-
sources can better compensate for negative effects of sibling group size.

Also, the hypothesis on birth order effects can be confirmed: Being a later-born child
does denote a disadvantage with regard to the acquisition of competences, particularly it
is children in lower educated families that are affected by this mechanism. Families with a
higher educational level are thought to have better options to support each child equally;
whereas in lower educated families, first-borns benefit more from family resources than
do later-born children, as they do not have to share them with other siblings for quite
some time. Therefore, the assumption that parental time resources (e.g., reading to the
child) should be the driving factor of birth order effects falls too short. In line with our
findings on sibship size, it rather seems to be the quality of parents’ cultural resources and
input that compensate for negative birth order effects.

Beyond effects of sibship size and birth order, we assumed effects of birth spacing to
be relevant, as with larger birth gaps the available parental resources can be distributed
more evenly between the children. It could be shown that having a shortly spaced younger
sibling means a disadvantage to the child’s competences, as more parental attention is re-
quired for the newborn and thus restricts family resources at the cost of the older child.
Therefore, it is not surprising that this effect disappears, once family resources and the
number of siblings are controlled for. Having largely spaced older siblings appeared to be
particularly beneficial, because they can function as role models and teachers to the
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younger sibling and therefore become an additional family resource from which the
younger sibling can benefit.

Additionally, we have been interested in the question whether the effects of sibling
structure vary across time. It can be clearly shown that the effects remain very stable dur-
ing the last 1.5 years of elementary school. With regard to future research, it would be
particularly interesting to investigate whether changing effects could rather be identified
in a long-term perspective. As our study has concentrated exclusively on vocabulary
competences, future analyses in this field should be extended to other educational out-
comes at different stages in the life course. In particular for the German context, there is
still much room and a great necessity to carry out research on sibling effects in general —
but in particular with regard to education.
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