The number of older siblings a child has is negatively correlated with their verbal skills. This
may be due to competition for parents’ attention, making it harder to provide later-born
children with quality linguistic stimulation. The current study examined the role of siblings’
sex and age gap as moderating factors - older sisters, especially with a large age gap, might
provide compensatory input. We reanalyzed data from the EDEN cohort and found that
having an older sister was better for one’s language skills than having an older brother.
Contrary to predictions, a smaller age gap between siblings was (marginally significantly)
associated with better language skills, with no interaction with sex. Results highlight the
importance of social factors for language development.
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It has previously been shown that the number of older siblings that a child has is negatively
correlated with verbal skills (e.g., Black, Devereux, & Salvanes, 2005; Blake, 1981; Peyre et
al., 2016; VanDam, Saur, Anderst, Olds, & de Palma, 2018). The most common explanation
for this finding is the resource dilution model (Blake, 1981). According to this model, a family
has a limited amount of resources to distribute between siblings, and the more children the
family has, the less resources are allocated to each child.
Verbal intelligence seems to be more affected by birth order than non-verbal
intelligence (Peyre et al., 2016). One possible reason for this finding may be that language
development is more affected by the quantity and quality of input the child receives than nonverbal intelligence. Child-directed speech from adults, especially in one-on-one interactions,
has been found to promote language learning (e.g., Hart & Risley, 1995; Hirsh-Pasek et al.,
2015; Hoff & Naigles, 2002; Ramírez-Esparza, García-Sierra, & Kuhl, 2014; Rowe, 2008;
Rowe, 2012; Rowe & Goldin-Meadow, 2009; Weisleder & Fernald, 2013). One possible
mechanism by which the number of siblings may affect language development relates to
parents’ inability to spend as much one-on-one time with each child separately. For example, a
recent study found that when a child had one or more older siblings, the parent uttered fewer
words in referentially transparent conditions (Laing & Bergelson, 2017). When both siblings
are present, parents may be more responsive to the older child, at the expense of providing
(quality) language input to the younger child (Huttenlocher, Vasilyeva, Waterfall, Vevea, &
Hedges, 2007; Wellen, 1985, 1986).
However, can siblings themselves make up for some of this lost parental attention by
providing their own input and interactions? Though children may not be as adept as adults at
providing appropriate linguistic stimulation (Mannle, Barton, & Tomasello, 1992), siblings
are able, to a certain extent, to adjust their teaching strategies to their younger siblings’ ages
(Dunn & Kendrick, 1982; Perez-Granados & Callanan, 1997). It is also the case that children
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tend to observe, imitate, and seek assistance from their older siblings, and older siblings, in
turn, are more likely to teach them than are older peers (Abramovitch, Corter, & Lando, 1979;
Azmitia & Hesser, 1993; Dunn & Kendrick, 1982). Indeed, having older siblings positively
affects: social-communicative skills (Hoff, 2006), the ability to join in conversations (Dunn &
Shatz, 1989), and some aspects of syntactic development, such as pronoun use (me-you,
Oshima-Takane, Goodz & Derevensky, 1996). In addition, in research on bilingual families,
older siblings are found to be effective L2 models, as their L2 skills can be better than the
parents', and they tend to use the L2 with their younger siblings (e.g., Bridges & Hoff, 2014;
Duncan, 2017). However, other studies have found that input from siblings did not contribute
to vocabulary development of the target child (Shneidman, Arroyo, Levine, & GoldinMeadow, 2013) - and generally accounts for a very small percentage of input to children in
some cultures (Shneidman et al., 2013).
In view of these and other findings, we reasoned that there may exist two main routes
by which siblings may affect language development. By competing for parents’ attention,
older siblings might be robbing their younger sibling of tailored child-directed input. By
providing their own input, however, siblings may be able to make up for some specific
aspects of this lost stimulation. Finding a negative effect of having an older sibling, or
siblings, on language development could mean that, on average, the effect of competition is
larger than the effect of compensation (if any). By looking into different characteristics of
older siblings, namely, age gap and sex, we hope to be able to tease apart these two processes
and their effect on language learning outcomes.
Age gap might have an effect on parents’ ability to provide linguistic simulation. Indeed,
one study found that more narrowly spaced siblings had a larger negative effect on verbal test
scores in high school than more widely spaced siblings (Powell & Steelman Carr, 1990). More
narrowly spaced siblings might present greater competition for parental resources because of
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their own level of demands (as they become older they become more independent). Age gap
might also have an effect on the likelihood that the sibling can compensate for the loss of
parental linguistic simulation. The older the sibling is (and thus the larger the age difference)
the more likely it is that the sibling has more developed social and linguistic skills, thus
providing better input. Both of these factors lead to the prediction that the larger the age gap
between target child and sibling, the less detrimental the effect of having a sibling.
A second variable of interest is gender. While gender may not mediate the first factor
(competition for parental resources), there is reason to believe that gender may mediate the
second factor (provision of compensatory linguistic input). Sisters are often expected to take
part in child care more than brothers are. Older sisters are more likely to engage in positive and
nurturing behaviour than older brothers (Abramovitch, Corter, & Lando, 1979; Cole & Wayne,
1990; Garner, Jones, & Miner, 1994; Tucker, Mchale, & Crouter, 2001). All this leads to the
prediction of a difference where having an older sister is better for one's language development
than having an older brother, i.e., an effect of the sibling sex. Additionally, when a sister is
slightly older than the target child, she is relatively young and likely not very good at providing
compensatory input or care. In contrast, much older sisters should be better able to provide this
stimulation, and might be more likely to be delegated some of the care-taking of the target child.
We therefore predicted that the age gap effect will be greater for sisters than for brothers.
We reanalysed data from the EDEN cohort, a large population-based sample of French
children to examine these questions. Among children who have only one older sibling, we
predicted better language scores for children who have an older sister than an older brother. We
predicted worse language outcomes for children with a small age difference with their
preceding sibling (i.e., positive slope of language scores on age gap). We also predicted a
steeper slope of language scores on age gap when the older sibling is a sister (a larger difference
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between the language scores of children with an older sister and the language scores of children
with an older brother when the age gap is large than when it is small).

METHOD
This study was registered on the Open Science Framework before analyses were performed
(https://osf.io/pgtyx/?view_only=984ff0c699ba404198a0179c5533081e).
Study Design
We used data from the EDEN mother-child cohort study (Heude et al., 2016), whose
primary aim is to identify prenatal and early postnatal nutritional, environmental and social
determinants of children's health and development. This is a longitudinal study, tracking
children's development from before birth to age 11 (so far). Participants were recruited between
2003 and 2006 among pregnant women followed in Poitiers and Nancy university maternities.
Exclusion criteria included history of diabetes, twin pregnancies, intention to deliver outside
the university hospital or to move out of the study region within the next three years, and
inability to speak French. The study was approved by the Ethical Research Committee of
Bicêtre Hospital and by the Data Protection Authority. Informed written consents was obtained
from parents for themselves at the time of enrolment and for the new-born after delivery. For
the current study, we use language measures taken at two, three and five-to-six years of age.
The EDEN cohort also contains many other cognitive measures not deemed relevant here.
Participants
Among the 2,002 pregnant women included in the EDEN study, 1,907 children were
born in the cohort, as described in detail elsewhere (Heude et al., 2016). Attrition rate of
children at age 5 years was 39%. In our sample of analysis, we include children with one older
sibling and/or without older sibling (children with more than one older sibling were excluded).
There were 1,154 children (487 with one older sibling) with language skills available at two
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years, 996 (421 with one older sibling) with language skills available at three years, and 898
(386 with one older sibling) with language skills available at five-to-six years. About 46% of
the older siblings were girls.
Materials
Predictors of language skills.
Gestational age and birth weight were collected from obstetrical records, and the older
sibling’s sex and age was reported by the mother at birth. Though theoretically we are interested
in gender and not sex, we have no access to gender information. At these ages, we assume sex
to correspond to gender the great majority of cases. Smoking status and alcohol consumption
during pregnancy (units/week) were determined from the questionnaires filled by the mother
during pregnancy and at delivery. Mothers completed questionnaires on partial or exclusive
breastfeeding (breastfeeding initiation; Bernard et al., 2017). Both parents completed
questionnaires on their age at child’s birth, family income, and education level. For level of
parental education and the household income (k€/months), the averages were used in the
analyses (see Statistical Analysis section below). Throughout the follow-ups, parents completed
questionnaires providing information on the sex and age of children born into the family after
the study started.
Language skills (outcome variables).
All tests and questionnaires described below were combined to create a single score at each
age.
Table 1. Language tests for the different ages.
Age
Two years

Type of Measure
Parental
questionnaire

Tests
French version of the MacArthur-Bates Communicative Development
Inventory [CDI-2] (Kern, Langue, Zesiger, & Bovet, 2010; Kern, 2003;
Peyre et al., 2014). Parents were asked to indicate which words from a
list of 100 their child could say spontaneously (expressive vocabulary).
The score is the sum of the words produced by the child. The CDI-2 has
high test–retest reliability and strong associations with the corresponding
scores from the longer version (Kern et al., 2010).
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Three years

Trained
psychologists
assessment

Ages five-to-six Trained
(mean = 68
psychologists
months; SD = 2). assessment

Tests from the ELOLA battery (De Agostini et al., 1998):
- Semantic fluency, scored as the sum of the number of animals named
in one minute plus the number of objects named in one minute.
- Word and nonword repetition, scored as the number of words (six
items) and nonwords (six items) repeated correctly.
- Picture naming, scored as the number of pictures named correctly (ten
items, e.g., “cheval” [“horse”]).
Tests from the NEPSY battery (Kemp, Kirk, & Korkman, 2001; Korkman
Kirk & Kemp, 2003).
- Sentence repetition, scored as the number of sentences of increasing
complexity and length repeated correctly (17 items, e.g., “dors bien”
[“sleep well”]).
- Comprehension of instructions, a sentence comprehension task scored
as the number of correct answers by pointing at one of eigth pictures (13
items, e.g., “montre-moi un grand lapin” [“show me a large rabbit”]).
Tests from the NEPSY battery.
- Nonword Repetition, scored as the number of syllables repeated
correctly (out of 46 syllables in 13 nonwords (e.g., [kiutsa], a nonword
with two syllables).
- Sentence Repetition (see above for details).
Tests from the WPPSI-III battery (Wechsler, 1967).
- Information, scored as the number of correct answers (verbally or by
pointing) to questions that address a broad range of general knowledge
topics (34 items).
- Vocabulary, scored as the number of words correctly defined (25
items).
- Word Reasoning, scored as the number of concepts correctly
identified from a series of clues (28 items).

Statistical Analysis
All

analyses

were

preregistered

on

the

Open

(https://osf.io/pgtyx/?view_only=984ff0c699ba404198a0179c5533081e)

Science
before

Framework
they

were

performed. They were performed as preregistered, except that in the adjusted models
(introduced below) we added a control factor for the effect of having a younger sibling (results
without controlling for this effect were similar).
Language scores representing language skills at three and five-to-six years were
calculated as the mean of the scores at each time point (each score was first converted into a zscore in order for each test to have the same weight).
There were few missing data on language tests at three (5.9% in our total sample and
5.3% in the sub-sample of children with an older sibling only) and five-to-six years (1.9% in
7

our total sample and 1.8% of children with an older sibling only) and predictors of language
skills (less than 1% in both samples of analyses). Missing data were imputed using multiple
imputation (Donders, van der Heijden, Stijnen, & Moons, 2006; Peyre, Leplège, & Coste,
2011). All other analyses were performed using SAS 9.4 software (SAS Institute Inc).
Analysis one: Having a sibling vs. no sibling.
Before looking into the mediating role of sex and age gap, we checked that having an older
sibling (either brother or sister) was indeed detrimental for language outcomes, as previously
found in other literature (e.g., Black, Devereux, & Salvanes, 2005) and by Peyre et al. (2016)
when analysing five-year-olds data in the same cohort.
In our sample (N = 1,154), we performed a linear mixed regression model with language
skills as dependent variable, testing age as a repeated measure (two, three and five-to-six years),
and the presence of one older sibling as independent variable (participant was a random effect).
A second model was adjusted for exact age at time of evaluation (continuous) and other
predictors of language skills (i.e. sex, gestational age (weeks), birth weight (kg), maternal age
at delivery (years), paternal age at delivery (years), breastfeeding initiation (%), alcohol during
pregnancy (units/week), tobacco during pregnancy (%), parental education (years), household
income (k€/month), presence of younger sibling(s) at the time of evaluation). These are the
main factors known to influence cognitive development which were available in the EDEN
cohort study, see Peyre et al. (2016) for a justification.
Analysis two: Sex, age gap, and interaction.
Next, we tested our prediction of a positive effect of older sisters on language
development compared to older brothers, a positive effect of a larger age gap, and that this
effect will be stronger for older sisters.
In the sub-sample of children with one older sibling only (N = 483), we performed a
linear mixed regression models with language skills as dependent variable, testing age as a
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repeated measure, sex of the older sibling, and age gap (i.e. age difference between the two
siblings) as independent variables, and the interaction between these two variables (participant
was a random effect). In a second model we gradually adjusted for exact age at time of
evaluation and the other predictors of language skills mentioned above, in addition to the
interactions between the age at testing, sex of the older sibling, and age gap.
Pre-registered follow-up analyses.
We compared children with no sibling to children who had either a sister or a brother
(rather than a sibling without specifying the sex, like in analysis one). This was done in order
to gain an estimation of how detrimental it would be to have a brother as opposed to a sister.
We performed a linear mixed regression model with language skills as dependent variable,
testing age as a repeated measure (two, three or five years), and the presence and sex of older
sibling as independent variable (categorical with three levels, no sibling, brother and sister - no
sibling was reference). Participant was a random effect. A second model was adjusted for exact
age at time of evaluation and the other predictors of language skills mentioned above.

RESULTS
Characteristics of participants in the two samples of analysis are presented in Table 2.
Table 2. Characteristics of participants in the sample of analysis and children with one older
sibling only.
Total sample of analysis (children
with one older sibling or without
older siblings)

Sub-sample of children with only
one older sibling

N=1154#

N=483#

% or mean(SD) or [N]

% or mean(SD) or [N]

Children with one older sibling, %

42.2

-

Sex of the older sibling (male), %

-

54.0

Age gap (years), mean (SD)

-

3.6 (2.2)

CDI-2, mean (SD)

62.1 (29.2)

58.6 (29.6)

Exact age of the child at the time of CDI-2 (months), mean (SD)

24.3 (1.13)

24.3 (0.7)

Language skills at 2 years
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Language skills at 3 years, [N]

[996]

[416]

Semantic fluency , mean (SD)

0.0 (0.8)

0.0 (0.8)

Word and nonword repetitionξ, mean (SD)

0.0 (0.9)

0.0 (1.0)

Sentence repetition, mean (SD)

7.2 (3.3)

7.2 (3.5)

Picture naming, mean (SD)

7.0 (1.8)

6.9 (1.0)

Comprehension of instructions, mean (SD)

8.6 (2.9)

8.4 (3.0)

Exact age of the child at the time of tests (months), mean (SD)

38.0 (0.8)

38.0 (0.8)

[898]

[381]

Nonword Repetition, mean (SD)

21.0 (4.9)

21.0 (5.0)

Sentence Repetition, mean (SD)

15.6 (4.0)

15.2 (4.1)

Information, mean (SD)

25.1 (2.9)

24.7 (2.8)

Vocabulary, mean (SD)

23.8 (5.6)

23.2 (5.6)

Word Reasoning, mean (SD)

16.3 (4.7)

15.8 (4.8)

Exact age of the child at the time of tests (months), mean (SD)

67.9 (1.8)

68.0 (1.9)

51.9

53.6

Gestational age (weeks), mean (SD)

39.2 (1.7)

39.2 (1.6)

Birth weight (kg), mean (SD)

3.26 (0.51)

3.31 (0.50)

Mother’s age at delivery (years), mean (SD)

28.5 (4.5)

30.0 (4.2)

Father’s age at delivery (years), mean (SD)

31.3 (5.5)

32.9 (5.0)

72.7

69.2

0.55 (1.63)

0.61 (1.62)

Maternal smoking during pregnancy, %

23.6

21.5

Parental education (years), mean (SD)

13.7 (3.3)

13.6 (2.4)

Household income (k€), mean (SD)

2.63 (0.99)

2.72 (0.99)

Younger sibling(s) at 2 years, %

8.9

2.9

Younger sibling(s) at 2 years, %

25.6

12.5

Younger sibling(s) at 2 years, %

49.6

27.8

Center (Nancy), %

51.7

55.9

ξ

Language skills at 5-6 years, [N]

Predictors of language skills
Sex (male), %

Breastfeeding initiation, %
Alcohol during pregnancy (drinks/week), mean (SD)

# Language skills available at 2 years.
ξ Score have been standardized in the whole dataset.

Confirmatory Analysis One – Sibling vs. no Sibling
As predicted, language skills of children with one older sibling were lower than those of
children without an older sibling (Cohen’s d = -0.14 and -0.18 in the unadjusted and adjusted
models respectively, see Table 3 and Fig. 1). No interaction between the variables 'having an
older sibling' and age at testing (i.e. two, three or five-to-six years) was found (p-value = 0.5).
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Table 3. Linear mixed regression models with language skills as dependent variable and the
presence of an older sibling as independent variable (N=483).
Language scores#
At 2 years: N=1,154 (one older sibling: N=487)
At 3 years: N=996 (one older sibling: N=421)
At 5-6 years: N=898 (one older sibling: N=386)
β

SD

p-value

-0.141

0.030

<0.0001

-0.178

0.043

<0.0001

Unadjusted model
One older sibling (ref.: without an older sibling)

Adjusted model¥1
One older sibling (ref.: without an older sibling)

In bold: p-value < 0.05. # Z-scores. ¥1 Adjusted for exact age at time of evaluation and other
predictors of language skills (i.e. sex, gestational age (weeks), birth weight (kg), maternal age at delivery
(years), paternal age at delivery (years), breastfeeding initiation (%), alcohol during pregnancy
(units/week), tobacco during pregnancy (%), parental education (years), household income (k€/month),
presence of younger sibling(s) at the time of evaluation).
No interaction between the variables 'Older sibling' and 'Age at testing' was found in the unadjusted
model (F(Degrees of Freedom [DF]=4) = 0.77; p-value = 0.545) and in the adjusted model (F(DF=4) =
0.16; p-value = 0.956) when these interaction terms were included in the models.

Figure 1. Language skills of children with one older sibling compared to those with no older
siblings. The box encompasses the within quartile range, the red dot is the mean and the bars
are 2 standard deviations.

No older sibling

One older sibling

Confirmatory Analysis two – Sex, Age Gap and an Interaction
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As predicted, language skills of children with an older sister were higher than those of children
with an older brother (d = 0.26 and 0.22 in the unadjusted and adjusted models respectively,
see Table 4 and Fig. 2).

Table 4. Linear mixed regression models with language skills as dependent variable and the
sex of the older sibling, the age difference between the two siblings and the interaction between
these two variables (N=483).
Language scores#
At 2 years: N=483 (older sister: N=222)
At 3 years: N=416 (older sister: N=187)
At 5-6 years: N=381 (older sister: N=177)
β

SD

p-value

Sex of the older sibling (male; ref.: female)

-0.259

0.091

0.0045

Age gap (years)

-0.048

0.016

0.0031

Age gap * Sex of the older sibling

0.020

0.021

0.3543

Sex of the older sibling (male; ref.: female)

-0.218

0.108

0.0433

Age gap (years)

-0.035

0.019

0.0708

Age gap * Sex of the older sibling

0.008

0.025

0.7411

Unadjusted model

Adjusted model¥1

In bold: p-value < 0.05. # Z-scores. ¥1 Adjusted for exact age at time of evaluation and other
predictors of language skills (i.e. sex, gestational age (weeks), birth weight (kg), maternal age at delivery
(years), paternal age at delivery (years), breastfeeding initiation (%), alcohol during pregnancy
(units/week), tobacco during pregnancy (%), parental education (years), household income (k€/month),
presence of younger sibling(s) at the time of evaluation).
No interaction between the variables 'Sex of the older sibling' and 'Age gap' [in the unadjusted model
(F(DF=4) = 0.30; p-value = 0.873) and in the adjusted model (F(DF=4) = 0.66; p-value = 0.620)] and
the variables 'Age gap' and 'Age at testing' [in the unadjusted model (F(DF=2) = 0.30; p-value = 0.739)
and in the adjusted model (F(DF=2) = 0.93; p-value = 0.395)] were found when these interaction terms
were included in the models.

Figure 2. Language skills of children with one older sister compared to those with one older
brother. The box encompasses the within quartile range, the red dot is the mean and the bars
are 2 standard deviations.
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Older brother

Older sister

Contrary to our prediction, language skills of children with an older sibling were
negatively associated with the age gap in the unadjusted model (d = -0.05, p-value = .003). This
association was diminished in the model adjusted for the other predictors of language skills (d
= -0.04, p-value = 0.071). No significant interaction between the sex of the older sibling and
age gap was found (see Figure 3).
Figure 3. Relationships between language skills and age difference between the two siblings
(months), depending on the sex of the older sibling. Dotted lines mark the 95 CI.

Pre-registered follow-up analyses.
Children with an older sister had similar language skills to children without an older sibling,
while children with an older brother had significantly worse language skills (see Table 4 and
Fig. 4).
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Table 5. Linear mixed regression models with language skills as dependent variable and the
sex of the older sibling and the presence of older sibling as independent variable (N=1,154).
Language scores#
At 2 years: N=1154 (one older sibling: N=487)
At 3 years: N=996 (one older sibling: N=421)
At 5-6 years: N=898 (one older sibling: N=386)
β

SD

p-value

Older brother (ref.: without an older sibling)

-0.234

0.037

<.0001

Older sister (ref.: without an older sibling)

-0.042

0.040

.2969

Older brother (ref.: without an older sibling)

-0.289

0.053

<.0001

Older sister (ref.: without an older sibling)

-0.015

0.057

.7992

Unadjusted model

Adjusted model¥1

In bold: p-value < 0.05. # Z-scores. ¥1 Adjusted for exact age at time of evaluation and other
predictors of language skills (i.e. sex, gestational age (weeks), birth weight (kg), maternal age at delivery
(years), paternal age at delivery (years), breastfeeding initiation (%), alcohol during pregnancy
(units/week), tobacco during pregnancy (%), parental education (years), household income (k€/month),
presence of younger sibling(s) at the time of evaluation).

Figure 4. Language skills of children with one older sister compared to those with one older
brother, and to those with no older siblings. The box encompasses the within quartile range, the
red dot is the mean and the bars are 2 standard deviations.

No older sibling

Older brother Older sister

Additional exploratory analysis.
For each of the analyses presented above, we also ran a complementary analysis, in which we
controlled for a cognitive stimulation score obtained in the different ages. We present the
measures, results and a brief discussion in the supplementary materials posted on the Open
Science Framework (https://osf.io/pgtyx/?view_only=984ff0c699ba404198a0179c5533081e ).

14

DISCUSSION
Having an older sibling is associated with lower verbal skills (e.g., Black, Devereux, &
Salvanes, 2005; Blake, 1981; Peyre et al., 2016; VanDam, Saur, Anderst, Olds, & de Palma,
2018). This is likely due to parents’ diminished ability to provide later-born children with the
same stimulation they could provide their older children. However, is it possible that siblings
themselves may make up for some of the lost stimulation by engaging with their younger
siblings? The current study examined the role of siblings’ demographic characteristics as a
proxy for their ability and propensity to provide such compensatory stimulation. We reanalyzed
data from the EDEN cohort (Heude et al., 2016) to examine the effect of the gender of the older
sibling and the age gap between siblings on the younger child’s language development.
We hypothesized that the age gap between siblings will be positively correlated with
language scores, as the older the sibling, the more linguistically advanced, and the better their
theory of mind – allowing them to tailor linguistically constructive interactions with their
younger siblings. Widely spaced older siblings might also present less competition for parental
resources, as they would be more independent, and less demanding. We found the opposite
effect (though only marginally significant) – regardless of the sex of the older sibling, the more
closely spaced the siblings were, the higher the language scores of the target child. This result
is surprising, and not in line with our predictions. Observation of this effect led us to revisit
previous literature. We found an alternative account that we had not previously considered:
More closely spaced siblings have been found to enjoy closer relationships, while more widely
spaced siblings might have less shared interests, and thus spend less time engaging in shared
activities (White, Ensor, Marks, Jacobs, & Hughes, 2014). Variation in shared interests and
abilities may mediate parental stimulation: Parents of closely spaced children might find it
easier to engage in shared activities with both children together, as it would be easier to find
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games and activities that fit both children’s developmental level and interests. It could also
increase compensation, as siblings would be more likely to interact with each other.
This explanation seems to be in line with the finding that only children perform
similar to, or worse than first-born children from two- and even three-child families (Blake,
1981). This finding was replicated in a more recent study, which additionally found that
socializing with children outside school reduces this disadvantage, supporting the idea that
other children may contribute to children’s language development (Iacovou, 2001). In the
current study, we statistically control for the presence of having a younger sibling, and thus,
our sample of children with no older sibling contains a mixture of only children and first-born
children – thus, our findings cannot shed more light on this question.
Although our first prediction regarding compensation was not met, our second
prediction was: We had hypothesized that children with older sisters would have higher
language scores than children with older brothers. This was confirmed, with no interaction with
the age gap between siblings. The size of the effect of sibling sex, d = 0.22, is not negligible in
epidemiological studies on cognitive development. It is equivalent to three IQ points, and is
similar, for example, to the effect of birth order in Kristensen and Bjerkedal's seminal study
(2007, who also attribute this affect to social factors). For comparison, a recent meta-analysis
found that the effect size of being born pre-term on vocabulary scores in childhood was d =
0.45 (van Noort-van der Spek, Franken, & Weisglas-Kuperus, 2012).
In a follow-up comparison with a group of only children, we found that, while having a
brother was associated with lower language skills than having no older sibling, children who
had an older sister scored comparably to children with no older sibling. This suggests that older
sisters are able to completely compensate for lost parental stimulation. Alternatively, older
sisters may represent a lower level of competition for parental stimulation, either because the
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parents invest less in them, or because they demand less attention, or both. All of these ideas
resonate with previous work, as we summarize next.
First, older sisters may themselves contribute to their younger sibling’s language
development. Older sisters may be more predisposed and/or better trained to act as caregivers
than older boy siblings (Abramovitch et al., 1979; Cole & Wayne, 1990; Garner et al., 1994;
Tucker et al., 2001). Girls are also more socially competent than boys (Anthony, Anthony,
Glanville, Naiman, Waanders, & Shaffer, 2005), and more linguistically advanced (Eriksson et
al., 2012), thus may be better able to provide quality input. Second, raising an older brother
may be more demanding for parents than raising an older sister, at the expense of the younger
sibling. Already at three months, mothers of boys experience more stress than mothers of girls
(Scher & Sharabany, 2010). Later on, boys show more externalizing behaviour, and tend to be
more irritable (Leaper, 2002). This could mean that there is less competition for parental
resources from an older sister than an older brother, and thus less to compensate for.
In the current study, demographic characteristics of the older siblings were used as a
proxy for the level of stimulation the older sibling would provide the younger sibling, as well
as for the level of competition. This is an obvious limitation of the study: Not all older sisters
act as little teachers of their younger siblings, and some older brothers do take on this role. The
expectation to act as caretakers of younger children could be more or less pronounced in
different cultures. Indeed, Frank, Braginsky, Marchman, and Yurovsky (in prep., see also
Steelman, Powell, Werum & Carter, 2002) found large variability in the birth order effects in
language acquisition across different countries, compared with, for example, stability in the
female advantage in language development across countries. The expectation to act as
caretakers may also vary between families in the same country, depending on either their
cultural background or individual tendencies. The current study has no direct measure of either
these cultural or familial expectations, let alone a direct measure of the actual interaction

17

between siblings. The lack of such information also leaves it an open question why we see an
inverse effect of age gap on language development. Would this effect disappear in societies that
expect older children to take a more active caretaking role? Would it hold when we control for
the actual level of engagement between siblings? These remain open questions.
To conclude, the current study found that older siblings’ characteristics, namely, sex
and age gap, are related to children’s language development. The more narrowly spaced siblings
were, the higher the language scores of the younger child. We found that having a sister was
associated with higher language scores than having a brother. Children who had an older sister
scored similarly to only children, while children who had an older brother scored significantly
lower.
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Table 1. Language tests for the different ages.
Age
Two years

Type of Measure
Parental
questionnaire

Three years

Trained
psychologists
assessment

Ages five-to-six Trained
(mean = 68
psychologists
months; SD = 2). assessment

Tests
French version of the MacArthur-Bates Communicative Development
Inventory [CDI-2] (Kern, Langue, Zesiger, & Bovet, 2010; Kern, 2003;
Peyre et al., 2014). Parents were asked to indicate which words from a
list of 100 their child could say spontaneously (expressive vocabulary).
The score is the sum of the words produced by the child. The CDI-2 has
high test–retest reliability and strong associations with the corresponding
scores from the longer version (Kern et al., 2010).
Tests from the ELOLA battery (De Agostini et al., 1998):
- Semantic fluency, scored as the sum of the number of animals named
in one minute plus the number of objects named in one minute.
- Word and nonword repetition, scored as the number of words (six
items) and nonwords (six items) repeated correctly.
- Picture naming, scored as the number of pictures named correctly (ten
items, e.g., “cheval” [“horse”]).
Tests from the NEPSY battery (Kemp, Kirk, & Korkman, 2001; Korkman
Kirk & Kemp, 2003).
- Sentence repetition, scored as the number of sentences of increasing
complexity and length repeated correctly (17 items, e.g., “dors bien”
[“sleep well”]).
- Comprehension of instructions, a sentence comprehension task scored
as the number of correct answers by pointing at one of eigth pictures (13
items, e.g., “montre-moi un grand lapin” [“show me a large rabbit”]).
Tests from the NEPSY battery.
- Nonword Repetition, scored as the number of syllables repeated
correctly (out of 46 syllables in 13 nonwords (e.g., [kiutsa], a nonword
with two syllables).
- Sentence Repetition (see above for details).
Tests from the WPPSI-III battery (Wechsler, 1967).
- Information, scored as the number of correct answers (verbally or by
pointing) to questions that address a broad range of general knowledge
topics (34 items).
- Vocabulary, scored as the number of words correctly defined (25
items).
- Word Reasoning, scored as the number of concepts correctly
identified from a series of clues (28 items).
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Table 2. Characteristics of participants in the sample of analysis and children with one older
sibling only.
Total sample of analysis (children
with one older sibling or without
older siblings)

Sub-sample of children with only
one older sibling

N=1154#

N=483#

% or mean(SD) or [N]

% or mean(SD) or [N]

Children with one older sibling, %

42.2

-

Sex of the older sibling (male), %

-

54.0

Age gap (years), mean (SD)

-

3.6 (2.2)

CDI-2, mean (SD)

62.1 (29.2)

58.6 (29.6)

Exact age of the child at the time of CDI-2 (months), mean (SD)

24.3 (1.13)

24.3 (0.7)

Language skills at 3 years, [N]

[996]

[416]

Semantic fluencyξ, mean (SD)

0.0 (0.8)

0.0 (0.8)

ξ

Word and nonword repetition , mean (SD)

0.0 (0.9)

0.0 (1.0)

Sentence repetition, mean (SD)

7.2 (3.3)

7.2 (3.5)

Picture naming, mean (SD)

7.0 (1.8)

6.9 (1.0)

Comprehension of instructions, mean (SD)

8.6 (2.9)

8.4 (3.0)

Exact age of the child at the time of tests (months), mean (SD)

38.0 (0.8)

38.0 (0.8)

[898]

[381]

Nonword Repetition, mean (SD)

21.0 (4.9)

21.0 (5.0)

Sentence Repetition, mean (SD)

15.6 (4.0)

15.2 (4.1)

Information, mean (SD)

25.1 (2.9)

24.7 (2.8)

Vocabulary, mean (SD)

23.8 (5.6)

23.2 (5.6)

Word Reasoning, mean (SD)

16.3 (4.7)

15.8 (4.8)

Exact age of the child at the time of tests (months), mean (SD)

67.9 (1.8)

68.0 (1.9)

51.9

53.6

Gestational age (weeks), mean (SD)

39.2 (1.7)

39.2 (1.6)

Birth weight (kg), mean (SD)

3.26 (0.51)

3.31 (0.50)

Mother’s age at delivery (years), mean (SD)

28.5 (4.5)

30.0 (4.2)

Father’s age at delivery (years), mean (SD)

31.3 (5.5)

32.9 (5.0)

72.7

69.2

0.55 (1.63)

0.61 (1.62)

Maternal smoking during pregnancy, %

23.6

21.5

Parental education (years), mean (SD)

13.7 (3.3)

13.6 (2.4)

Household income (k€), mean (SD)

2.63 (0.99)

2.72 (0.99)

Younger sibling(s) at 2 years, %

8.9

2.9

Younger sibling(s) at 2 years, %

25.6

12.5

Language skills at 2 years

Language skills at 5-6 years, [N]

Predictors of language skills
Sex (male), %

Breastfeeding initiation, %
Alcohol during pregnancy (drinks/week), mean (SD)
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Younger sibling(s) at 2 years, %

49.6

27.8

Center (Nancy), %

51.7

55.9

# Language skills available at 2 years.
ξ Score have been standardized in the whole dataset.
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Table 3. Linear mixed regression models with language skills as dependent variable and the
presence of an older sibling as independent variable (N=483).
Language scores#
At 2 years: N=1,154 (one older sibling: N=487)
At 3 years: N=996 (one older sibling: N=421)
At 5-6 years: N=898 (one older sibling: N=386)
β

SD

p-value

-0.141

0.030

<0.0001

-0.178

0.043

<0.0001

Unadjusted model
One older sibling (ref.: without an older sibling)

Adjusted model¥1
One older sibling (ref.: without an older sibling)

In bold: p-value < 0.05. # Z-scores. ¥1 Adjusted for exact age at time of evaluation and other
predictors of language skills (i.e. sex, gestational age (weeks), birth weight (kg), maternal age at delivery
(years), paternal age at delivery (years), breastfeeding initiation (%), alcohol during pregnancy
(units/week), tobacco during pregnancy (%), parental education (years), household income (k€/month),
presence of younger sibling(s) at the time of evaluation).
No interaction between the variables 'Older sibling' and 'Age at testing' was found in the unadjusted
model (F(Degrees of Freedom [DF]=4) = 0.77; p-value = 0.545) and in the adjusted model (F(DF=4) =
0.16; p-value = 0.956) when these interaction terms were included in the models.
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Figure 1. Language skills of children with one older sibling compared to those with no older
siblings. The box encompasses the within quartile range, the red dot is the mean and the bars
are 2 standard deviations.

No older sibling

One older sibling
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Table 4. Linear mixed regression models with language skills as dependent variable and the
sex of the older sibling, the age difference between the two siblings and the interaction between
these two variables (N=483).
Language scores#
At 2 years: N=483 (older sister: N=222)
At 3 years: N=416 (older sister: N=187)
At 5-6 years: N=381 (older sister: N=177)
β

SD

p-value

Sex of the older sibling (male; ref.: female)

-0.259

0.091

0.0045

Age gap (years)

-0.048

0.016

0.0031

Age gap * Sex of the older sibling

0.020

0.021

0.3543

Sex of the older sibling (male; ref.: female)

-0.218

0.108

0.0433

Age gap (years)

-0.035

0.019

0.0708

Age gap * Sex of the older sibling

0.008

0.025

0.7411

Unadjusted model

Adjusted model¥1

In bold: p-value < 0.05. # Z-scores. ¥1 Adjusted for exact age at time of evaluation and other
predictors of language skills (i.e. sex, gestational age (weeks), birth weight (kg), maternal age at delivery
(years), paternal age at delivery (years), breastfeeding initiation (%), alcohol during pregnancy
(units/week), tobacco during pregnancy (%), parental education (years), household income (k€/month),
presence of younger sibling(s) at the time of evaluation).
No interaction between the variables 'Sex of the older sibling' and 'Age gap' [in the unadjusted model
(F(DF=4) = 0.30; p-value = 0.873) and in the adjusted model (F(DF=4) = 0.66; p-value = 0.620)] and
the variables 'Age gap' and 'Age at testing' [in the unadjusted model (F(DF=2) = 0.30; p-value = 0.739)
and in the adjusted model (F(DF=2) = 0.93; p-value = 0.395)] were found when these interaction terms
were included in the models.
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Figure 2. Language skills of children with one older sister compared to those with one older
brother. The box encompasses the within quartile range, the red dot is the mean and the bars
are 2 standard deviations.

Older brother

Older sister
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Figure 3. Relationships between language skills and age difference between the two siblings
(months), depending on the sex of the older sibling. Dotted lines mark the 95 CI.
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Table 5. Linear mixed regression models with language skills as dependent variable and the
sex of the older sibling and the presence of older sibling as independent variable (N=1,154).
Language scores#
At 2 years: N=1154 (one older sibling: N=487)
At 3 years: N=996 (one older sibling: N=421)
At 5-6 years: N=898 (one older sibling: N=386)
β

SD

p-value

Older brother (ref.: without an older sibling)

-0.234

0.037

<.0001

Older sister (ref.: without an older sibling)

-0.042

0.040

.2969

Older brother (ref.: without an older sibling)

-0.289

0.053

<.0001

Older sister (ref.: without an older sibling)

-0.015

0.057

.7992

Unadjusted model

Adjusted model¥1

In bold: p-value < 0.05. # Z-scores. ¥1 Adjusted for exact age at time of evaluation and other
predictors of language skills (i.e. sex, gestational age (weeks), birth weight (kg), maternal age at delivery
(years), paternal age at delivery (years), breastfeeding initiation (%), alcohol during pregnancy
(units/week), tobacco during pregnancy (%), parental education (years), household income (k€/month),
presence of younger sibling(s) at the time of evaluation).
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Figure 4. Language skills of children with one older sister compared to those with one older
brother, and to those with no older siblings. The box encompasses the within quartile range, the
red dot is the mean and the bars are 2 standard deviations.

No older sibling

Older brother Older sister
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