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Abstract This paper examines the extent to which quality characteristics of early
childhood education and care (ECEC) experienced at ages 4–6 influence externaliz-
ing problems at ages 6–8. Based on a random sample of 713 same-sex twins (55% fe-
male, 41%with a migration background) in 364 ECEC centers in Germany, the paper
not only distinguishes between detailed ECEC quality characteristics but additionally
investigates whether these characteristics affect the relevance of genetic and envi-
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ronmental influences on externalizing problem behavior. Results demonstrate that
with educators’ further training and the child–staff ratio only a few specific ECEC
quality indicators moderate the relevance of genetic and environmental influences.
In particular, further training of educators reduces genetic contributions to external-
izing problems in children. Although there was also evidence for gene–environment
correlation owing to selection into ECEC centers with an unfavorable child–staff
ratio, the findings suggest that improving educators’ training is the most promising
way of counteracting externalizing problems.

Keywords Germany · Behavioral problems · Childcare centers · Quality · Twin
study

Verringert die Qualität von frühkindlichen Bildungs- und
Betreuungseinrichtungen das Risiko von Externalisierungsproblemen?
Eine genetisch-sensitive Studie über Vorschulkinder in Deutschland

Zusammenfassung In diesem Beitrag wird untersucht, inwieweit Qualitätsmerk-
male der frühkindlichen Bildung und Betreuung (ECEC), die im Alter von 4–6 Jah-
ren erfahren wurden, externalisierendes Problemverhalten im Alter von 6–8 Jahren
beeinflussen. Auf der Grundlage einer Zufallsstichprobe von 713 gleichgeschlechtli-
chen Zwillingen (55% weiblich, 41% mit Migrationshintergrund) in 364 Kinderta-
gesstätten in Deutschland wird nicht nur zwischen detaillierten Qualitätsmerkmalen
der frühkindlichen Bildung und Betreuung unterschieden, sondern auch untersucht,
ob diese Merkmale entweder das genetische Risiko oder die Bedeutung des sozialen
Umfeldes für externalisierendes Problemverhalten beeinflussen. Die Ergebnisse zei-
gen, dass mit der Fortbildung der Erzieherinnen und Erzieher und dem Kind-Perso-
nal-Verhältnis nur wenige spezifische ECEC-Qualitätsindikatoren die Relevanz von
genetischen und Umwelteinflüsse moderieren. Insbesondere die Fortbildung von Er-
zieherinnen und Erziehern reduziert den genetischen Beitrag zu externalisierendem
Problemverhalten bei Kindern. Obwohl es auch Hinweise auf eine Gen-Umwelt-
Korrelation aufgrund einer Selektion in Kindertagesstätten mit ungünstigem Betreu-
ungsverhältnis gibt, deuten die Ergebnisse darauf hin, dass eine Verbesserung der
Erzieherausbildung der vielversprechendste Weg ist, externalisierendem Problem-
verhalten entgegenzuwirken.

Schlüsselwörter Deutschland · Verhaltensauffälligkeiten · Kindertagesstätten ·
Qualität · Zwillingsstudie

1 Introduction

Externalizing problems (EPs) in young children, usually understood as impulsive,
disruptive, aggressive, anti-social, and overactive behavior (Hinshaw 1992), can have
a long-standing detrimental effect on success in life, in particular on children’s later
academic achievement and school career (e.g., Palmu et al. 2018). There is consis-
tent evidence that genetic as well as environmental influences, such as the family
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environment, contribute to EPs in young children (e.g., Tucker-Drob and Harden
2013). Genetic influences in particular have been shown to contribute to individual
initial and continuing differences in EPs, whereas changes in initial differences in
EP with age have been attributed mainly to age-specific environmental influences
(e.g., Lewis and Plomin 2015; Hatoum et al. 2018). However, genes and environ-
ment do not work completely independently of one another. Environmental factors
can compensate for or trigger genetic influences. Although compensation refers to
an environmental setting that prevents expression of a genetic vulnerability, trigger-
ing refers to a setting with the opposite effects (Shanahan and Hofer 2005). Thus,
at this point we can speak of a “genetic risk” for EPs, which can potentially be
compensated for or even buffered by environments that work against this genetic
risk (Leve et al. 2010).

With the expansion of early childhood education and care (ECEC) services, in al-
most all industrialized countries, ECEC services have increasingly become relevant
for child development. Therefore, the question arises how far ECEC services are able
to moderate the contributions of genetic influences as well as the contributions of
other environments experienced by children, primarily household and family condi-
tions, on EPs. Based on the observation that social experiences in ECEC centers can
evoke differentiation in children’s externalizing behavior (McCartney et al. 2010),
previous research (e.g., in the USA and the Netherlands) has investigated whether
being enrolled in ECEC services moderates the contribution of genetic influences on
problem behaviors. These studies indicated a greater contribution of genetic influ-
ences among children who attended ECEC centers than among those who did not.
For children who did not attend ECEC services, EPs were predominantly due to
other environmental influences, such as the family environment (Middeldorp et al.
2014; Tucker-Drob and Harden 2013).

How ECEC centers influence problem behaviors is, however, not simply depen-
dent on whether a child is enrolled but also on ECEC quality (Broekhuizen et al.
2018). ECEC quality can differ significantly across ECEC centers and generate un-
equal social experiences and unequal chances in child development (Tietze et al.
2013; Stahl et al. 2018). They may indeed compensate for vulnerabilities to devel-
oping EPs, but it is also possible that social experiences trigger EPs, for example
through processes of peer rejection (McCartney et al. 2010; Sturaro et al. 2011). To
the best of the authors’ knowledge, this paper is the first to study the role of specific
characteristics describing ECEC quality for explaining EPs in young children and
preschoolers based on a genetically sensitive model. Studying the extent to which
differences in ECEC quality moderate genetic and other environmental influences
helps us to understand better whether improving particular characteristics of ECEC
quality could also help to avoid behavioral problems in the longer run (Tucker-Drob
and Harden 2013), and why some children continue to show high levels of EPs when
they grow older, whereas others do not (Tucker-Drob and Harden 2013). Therefore,
we do not restrict our focus to the short-term consequences of ECEC quality on EPs
but look at the effects 2 years later when children attend primary schools. Thereby,
our approach provides unique valuable information for the ongoing debate about
improving ECEC quality to facilitate child development (e.g., Vandell et al. 2010).
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We apply behavioral genetic methods based on a twin design. Comparing EPs
across pairs of monozygotic (MZ) and dizygotic (DZ) twins, we are able to decom-
pose the observed variance in EPs into three variance components utilizing latent
random variables. Thus, we do not directly measure genetic and environmental in-
fluences but derive them from the variance–covariance matrix in EPs for MZ and
DZ twin pairs. Based on the fact that MZ twins share 100% and DZ twins share on
average 50% of their genetic makeup, we are able to estimate the extent of varia-
tion in EPs that relates to genetic variation (the genetic component). By looking at
the variation in EPs between twin families and within twin pairs, we are addition-
ally able to distinguish between variance in EPs that relates to environments that
are shared between twins (the so-called shared environmental component), and the
share of variance in EPs that is due to unique experiences of the twins (the so-called
nonshared environmental component). By comparing the three components und the
underlying variances across different ECEC environments, we are able to assess the
extent to which ECEC quality moderates genetic and environmental influences on
EPs.

Compared with previous nongenetically informed studies, the genetically sensi-
tive approaches, such as the twin design, provide more comprehensive control for
bias owing to omitted variables and unobserved heterogeneity (e.g., Diewald et al.
2016). The genetic component (A) captures all unobserved child characteristics that
mediate any genetic effects—as any “genetic causes must work through the body”
(Freese 2008, p. 6). The shared environmental component (C) captures all unob-
served influences of environments that increase the twin’s trait similarity, whereas
the nonshared environmental component (E) captures all unobserved influences of
environments unique to each twin that contribute to the twins becoming less similar
in their EPs. Given that the sample is highly homogeneous with respect to the age of
the twins, country, historical time, and ethnicity, the shared environment component
can be seen as a proxy for the role of homogeneous effects of the family environment
(Freese and Jao 2017). This allows the question to be addressed whether ECEC qual-
ity is able to moderate the formative influence of the family environment on EPs. We
suggest that twin-based studies, such as ours, have the potential to provide relevant
and frequently generalizable evidence as previous research found no meaningful
differences in the personalities of twins and nontwins (Johnson et al. 2002), the
parenting they receive (Mönkediek et al. 2020), or their anti-social behavior (Barnes
and Boutwell 2013).

2 Theoretical Framework

2.1 The German ECEC System

In Germany, ECEC attendance rates of children are high and almost universal from
the age of 2. In 2020, 93% of children aged 3–6 in Germany attended ECEC centers
(Destatis 2020). At the same time, there is substantive variation in the quality of
ECEC centers owing to their organizational and legal framework. The legal frame-
work of the ECEC is organized on three different levels: national, state, and munici-
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pal. This leads to substantive variation in the characteristics of daycare centers across
German municipalities (Spiess 2008; Tietze et al. 2013). Minimum child–staff ratios
are regulated across all German states, but not with the same standards (Stahl et al.
2018; Stahl 2017). According to legal regulations, ratios vary between 10 children
per educator in regions with strict regulations to 20 children in regions with loose
regulations (Stahl 2017). Minimum requirements for most other indicators of struc-
tural quality, such as group size, teacher qualifications, and further training, range
from precise to very general or none at all. Minimum quality standards and actual
conditions often fall short of evidence-based recommendations (Stahl et al. 2018).
In terms of educator qualifications, only about 5% of staff in ECEC hold an aca-
demic degree, whereas the great majority have completed vocational training. Owing
to decentralization, German states and municipalities vary greatly with respect to
governance and funding issues. Parents’ fees are mostly income-dependent and rel-
atively low compared with those in most other OECD (Organisation for Economic
Co-operation and Development) countries (Huebener et al. 2020). This substantive
variation in ECEC quality provides good opportunities to study the effects of ECEC
quality on EPs in young children.

2.2 ECEC Quality and (Facets of) Children’s Externalizing Problem Behavior

There is consistent evidence that environmental factors can compensate or exac-
erbate genetic and environmental contributions to EPs (e.g., Leve et al. 2010), and
that experiences in ECEC centers are such relevant social environments (Middeldorp
et al. 2014; Tucker-Drob and Harden 2013). However, there are no research results
on the extent to which specific ECEC quality characteristics influence genetic and
environmental contributions to EPs. As an overabundance of different quality char-
acteristics may be relevant, it is practically almost impossible to consider them all
within the scope of a single study. Consequently, this study concentrates on identi-
fying and investigating, on the basis of previous studies, those quality characteristics
that might be particularly influential for EPs in general or sub-facets of EPs.

ECEC quality research often differentiates among structural quality, process qual-
ity, and orientation quality (e.g., Kluczniok and Roßbach 2014; Tietze et al. 2013).
Structural quality predominantly comprises easily observable, quantifiable, and reg-
ulable features of the ECEC context, such as educators’ qualification, group size,
and child–staff ratio. Process quality in ECEC institutions includes the entirety of
pedagogical interactions and children’s experiences with the social and material en-
vironment (Anders et al. 2012). Orientation quality comprises the education- and
care-related expectations, attitudes, norms, and values of all educators in ECEC set-
tings—educational goals play an important role in this context. How ECEC centers
organize their work and assure quality (e.g., pedagogical concept) also fall into this
category (Tietze et al. 2013).

Overall, there is no consistent evidence of structural quality directly influenc-
ing children’s externalizing behavior or socio-emotional development (e.g., Bowne
et al. 2017; Gialamas et al. 2014; for Germany: Viernickel and Fuchs-Rechlin 2016).
Group size, child–staff ratio, or characteristics related to educators, such as quali-
fication levels, are nevertheless often assumed to affect children’s behavior by in-
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fluencing process quality (Kluczniok and Roßbach 2014); and, thus, to facilitate
the pedagogical work of the educators (Viernickel and Fuchs-Rechlin 2016). For
example, group size and the child–staff ratio are expected to impact educators’ edu-
cational strategies and their interactions with young children (e.g., Finn et al. 2003).
Lower child–staff ratios provide better opportunities for monitoring and promoting
children’s skills and learning processes in a more individualized and targeted way
(e.g., Bowne et al. 2017). Higher levels of educators’ qualification are supposed
to help educators to identify children’s needs (Viernickel and Fuchs-Rechlin 2016),
also resulting in higher-quality pedagogical interactions. As a consequence, it can
be assumed that in smaller groups, with a lower child–staff ratio or with higher
qualifications, the educators have more scope to react to and prevent externaliz-
ing behavior of children. Previous research showed a positive association between
educators’ training and, for example, children’s social play (Kontos et al. 1994).

Concerning process quality, there is consistent evidence that the quality of the
educator–child interactions is associated with social competence and problem be-
havior in children (e.g., Broekhuizen et al. 2016). In particular, a relationship was
observed between better educator–child interactions, such as relationships charac-
terized by higher levels of affection and emotional support, and lower levels of
problem behaviors, together with higher levels of a child’s social competence (Gi-
alamas et al. 2014). In addition, educator–child interactions at the group level have
been observed to facilitate a certain group climate (Mashburn et al. 2008). Group
climate has been described as an important contextual factor for child development
(e.g., Broekhuizen et al. 2016), where a positive, supportive climate has been shown
to cause lower levels of EPs, particularly in children showing greater vulnerability
(Roubinov et al. 2020).

Orientation quality, and particularly perceived responsibility, teacher enthusiasm,
and joy and interest in teaching specific activities, have been found to correlate with
better teaching (Anders and Rossbach 2015; Kluczniok et al. 2011) and may thus
influence child development directly. Despite increasing attention for pedagogical
conceptualization of ECEC quality and child development (e.g., Kluczniok et al.
2011), studies that address this quality dimension explicitly in the context of child
outcomes are still rare.1 Therefore, it is worthwhile seeing if the assumption of direct
effects of orientation quality on EPs, in addition to indirect ones via process quality,
holds.

2.3 Genetic and Environmental Contributions to Externalizing Problem Behaviors
in Different ECEC Environments

To theorize how various ECEC characteristics, experienced at the age of 4–6 years,
may modify contributions of genes and of environments other than ECEC centers
to EP measured 2 years later, we draw on different mechanisms that have been
proposed to describe how social contexts can moderate genetic expression. In part,

1 Dunn (1993) is one example of a study that covers at least educators’ goals as part of proximal qual-
ity, another quality concept defined by the National Association for the Education of Young Children’s
(NAEYC).
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these mechanisms have been applied to ECEC environments before (Middeldorp
et al. 2014), and it can be assumed that they affect the relative contributions of genes
and environments on EPs. The proposed mechanisms are: contextual triggering,
social context as compensation, social context as control, and social context as
enhancement (Shanahan and Hofer 2005). Since in the case of EPs we are talking
about genetic vulnerabilities and risks, and not about positive reinforcement of
genetic predispositions (enhancement), in the present case we focus only on the first
three mechanisms.

Contextual triggering is based on the diathesis–stress model, which suggests that
the environmental context can act as a stressor that activates a genetic predisposition
(Shanahan and Hofer 2005). For example, ECEC attendance could trigger a genetic
predisposition to EPs in the case of children experiencing social rejection (e.g.,
Sturaro et al. 2011). This might be more easily the case in ECEC environments,
for example, with an unpleasant group climate. Compensation refers to favorable
or enriched environmental contexts that prevent or neutralize genetic expression for
certain problem behaviors. In the ECEC context, compensation might occur when
conditions allow for better educator–child interactions. Here, educators may be better
able to provide children with emotional support and convey strategies to children
to counteract negative behaviors. Thereby, the ECEC context may also mitigate the
negative contributions of detrimental environments shared between twins, such as
household and family conditions. Control refers to a context where social norms or
structural constraints hinder genetic expression. For example, in ECEC centers with
a low child–staff ratio the better opportunities to monitor children’s behavior may
reduce the genetic contribution to EPs, as negative behaviors could be countered
earlier and more effectively.

Taken together, we expect better ECEC quality to hinder genetic expression of EPs
and to compensate for negative influences of shared environments of the twins, first
of all, household and family conditions. This translates into the following hypothesis:

H 1 Characteristics related to better structural, process and orientation quality de-
crease genetic and shared environmental influences on externalizing problems,

whereas lower structural, process, and orientation quality is expected to have the
opposite effects. As structural quality and orientation quality can be expected to
affect a child’s EPs mainly through changes in process quality, the effects of struc-
tural quality and orientation on EPs can be expected to be less proximal, and may
therefore be less influential.

H 2 We expect stronger moderation effects for ECEC characteristics related to pro-
cess quality than for ECEC characteristics related to structural or orientation
quality.
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3 Data, Measures, and Analytic Strategy

3.1 Data

The analysis is based on the first two waves of the German Twin Family Panel
(TwinLife) (data-set version 5.0.0) (Diewald et al. 2021). The sample is restricted
to the twins of the youngest cohort aged 4–6 years at the time of the first interview
(2010 twins born in 2009 or 2010), who, in addition, took part in an additional ECEC
study, the K2ID-Twins Study (see www.k2id.de/data/samples-k2id-twins). TwinLife
is based on a sample of twin families, with same-sex twins, randomly derived from
administrative data from communal registration offices. The sample covers the full
range of regions and social strata in Germany (Lang and Kottwitz 2020). The first
wave was conducted between 2014 and 2016 and the second between 2016 and
2018. Informed consent was obtained from all parents of participating children in
the youngest cohort during the first-wave household interviews. Informed consent
was also obtained from all educators in the ECEC centers of the K2ID-Twins Study.
The surveys of the K2ID-Twins Study were undertaken according to the data privacy
protection rules applicable to institutional surveys in Germany.

In 2015 or 2016, detailed information on the ECEC centers the twins attended
was collected as part of a satellite project conducted in cooperation with the K2ID

Table 1 Sample statistics

TwinLife
(baseline sample)

K2ID-Twins
(analytical sample)

Variables N Twins Percentage N Twins Percentage

Twins born in 2009 or 2010
(age 4–6 at time of first interview)

2010 100 713 100

Monozygotic twins 870 43 282 40

Girls (ref. boys) 1034 51 392 55

At least one parent born abroad 820 41 249 35

– N Families Percentage N Families Percentage

Highest level of parental education (ISCED)

0 Primary & lower/upper secondary
(1–3c)

304 30 85 23

1 Post-secondary (4a/b) 97 10 36 9

2 First-stage tertiary education (5b) 116 12 44 12

3 First-/second-stage tertiary (5a/6) 480 48 202 55

Externalizing problems in wave 2 N Twins Mean (SD) N Twins Mean (SD)

Frequency of ...

... being angry (1–3) 1425 2.00 (0.48) 686 1.99 (0.47)

... listening to parents (1–3) 1417 2.41 (0.53) 681 2.41 (0.52)

... having arguments with other children
(1–3)

1429 1.89 (0.51) 690 1.88 (0.50)

... lying and cheating (1–3) 1414 1.63 (0.56) 680 1.63 (0.54)

Source: Own calculations, TwinLife Version 5.0.0, and K2ID-Twins Study
ISCED International Standard Classification of Education, SD Standard Deviations

K

http://www.k2id.de/data/samples-k2id-twins


Does the Quality of Early Childhood Education and Care Centers Mitigate the Risk of...

project team (www.k2id.de; see also Spiess et al. 2020 for the Socio-Economic
Panel (SOEP)-related K2ID study). Unfortunately, it was not possible in all cases to
establish contact with the ECEC centers through the twins’ parents; i.e., about 24%
of the parents refused to provide the address of the daycare facility. Questionnaires
were sent to 769 ECEC centers to collect information on measures on the level of
the centers, provided by the directors. In addition, measures on the level of groups
the twins were enrolled in were provided by their group educators. The question-
naires were designed to capture various quality indicators of various dimensions of
ECEC quality (Schober et al. 2017). They are based on other surveys, which have
been confirmed as valid instruments to measure ECEC quality (e.g., McCabe and
Ackerman 2007). The response rate of the ECEC centers of about 62% was higher
than for comparable German surveys of ECEC centers, such as for the K2ID-SOEP
study at 56% (Spiess et al. 2020), for the National Educational Panel Study (NEPS)
at 33% (Hellrung et al. 2011), and for the Nationale Untersuchung zur Bildung,
Betreuung und Erziehung in der frühen Kindheit study (NUBBEK) at 13% (Döge
et al. 2013). This resulted in valid information on 946 twins in 480 ECEC centers.

Table 2 Means, Standard Deviations, and Correlations among Study Variables

1 2 3 4 5 6 7 8 9

1 Externalizing prob-
lems (in wave 2)

– – – – – – – – –

2 ECEC center size
(15–301)

–0.03 – – – – – – – –

3 Group size (6–67) 0.04 0.03 – – – – – – –

4 Child-staff ratio
(2.8–20)

0.05 0.22** 0.42*** – – – – – –

5 Training with focus
on early childhood
pedagogy (educa-
tors) (0–1)

0.14** –0.05 –0.10* 0.01 – – – – –

6 Stress experience
(educators) (1–5)

–0.02 0.09 –0.04 0.09 –0.03 – – – –

7 Talking circles
(1–7)

–0.04 –0.08 –0.10* –0.12** –0.08 –0.08 – – –

8 Education goal
“self-regulation”
(3–5)

0.06 0.02 –0.02 –0.07 –0.01 –0.03 0.01 – –

9 Highest level of
parental education
(ISCED)

0.06 –0.08* –0.04 –0.11** –0.04 –0.12* 0.03 0.03 –

Mean –0.02 83.1 21.4 10.0 0.4 3.4 1.9 4.1 2.0

SD 0.43 40.3 6.5 3.6 0.5 0.8 1.2 0.5 1.3

N 666 654 547 531 455 483 485 485 711

Source: Own calculations, TwinLife Version 5.0.0, and K2ID-Twins Study
Level of significance: *p< 0.05, **p< 0.01, ***p< 0.001
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Restricting the sample to only those twins who took part in the second wave of
TwinLife further reduces the sample to a maximum of 713 twins2 (40%monozygotic,
55% female, 35% with one parent born outside Germany; see Table 1) in 364 ECEC
centers. Ninety-nine percent of these twins attended the same ECEC center, and
more than two-thirds of the twins (70%) attended the same groups. However, owing
to item non-response, the number of twins included in the analytical samples is
lower and varies between 414 and 630 twins. Twins for whom the information on
the dependent variable was missing (47 cases) were kept in the analysis, because
they could be used for certain parts of the analysis using full information maximum
likelihood estimation (Enders 2010).

The structural quality indicators of the ECEC centers in our analytical sample
do not differ systematically from the same measures collected as part of the K2ID-
SOEP survey of ECEC centers of children, a representative panel study (Stahl et al.
2018). A comparison of characteristics for the twins in the analytical sample with
the original full sample (Table 1) shows that there are only negligible differences
for the outcome variable “externalizing problems” and sample characteristics, such
as the twin’s zygosity and sex3. However, we observe slightly fewer children with
one parent born outside Germany in the analytical sample and a slightly higher
proportion of parents with tertiary education, as indicated by the highest parental
ISCED (International Standard Classification of Education; UNESCO 2003) in the
household. Closer inspection shows that this is rather due to increased participation
of these families in the second wave of TwinLife than selective participation in the
K2ID-Twins study. In addition, there is no correlation between parental education
and levels of child’s EPs (compare Table 2). Thus, we do not expect these minor
differences to affect our results.

3.2 Measures

The dependent variable in our analysis is child’s EP behavior in wave 2, when
children were 6–8 years old. As educators may react to the children’s EPs with
special measures, by using lagged predictors, we aim to reduce the risk of reverse
causality with EPs affecting ECEC quality rather than vice versa. Children’s EPs
were measured based on a self-report version of the Strength and Difficulties Ques-
tionnaire (SDQ). The SDQ has been widely used, both in terms of self-reports and
reports by parents and teachers4 (Stanger and Lewis 1993) and shown to provide
meaningful data for children younger than 10 years old (Muris et al. 2004; Di Riso
et al. 2010) and for the age range considered here (Curvis et al. 2014). This version
consisted of four items that measured on a scale from 1 (never) to 3 (very often)

2 The 695 cases are divided between 334 pairs of twins and 27 twins for which no data are available for
the second twin, but which can be considered for certain parts of the analysis.
3 This result is in line with previous studies that used SDQ scales based on children’s self-reports and
found varying gender differences on subscales and no significant differences on SDQ total scores (Di Riso
et al. 2010; Muris et al. 2004).
4 According to the SDQ information website, in 2020 there were 5980 SDQ-related articles (see https://
sdqinfo.org/py/sdqinfo/f0.py, access date: 24 May 2022).
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how often a child got angry, listened to her/his parents, argued with other children,
and lied or cheated (see Table S1 in the Online Appendix). Children under the age
of 10 were interviewed personally by the interviewer during a household visit. We
reversed the values of the second item and estimated the degree to which children
showed EPs utilizing a confirmatory factor analysis (CFA) for all twins included
in the second wave. For that purpose, we used the lavaan package (version 0.6-9)
in R (Rosseel 2014). The results are reported in Table S2 (in the Online Appendix).
Assuming a latent variable underlying the observed items, based on this approach,
we are not only able to account for possible ambiguities in the measurement of EPs
but estimating the dependent variable in a generalized SEM allows us to combine
the ordinally scaled items into one metrically scaled variable. Although the CFA
can be regarded as over-identified based on four items (Brown and Moore 2012),
the resulting model fit statistics showed that the estimated model fits the observed
data well (CF: 0.985; TLI: 0.955; RMSEA: 0.045; SRMR: 0.026) (Hu and Bentler
1999). Saving the predicted values, the resulting new variable “externalizing prob-
lems” (mean: –0.02, SD: 0.43) is nearly normally distributed (Fig. S1 in the Online
Appendix).

The data we use does not allow operationalizing all three dimensions of ECEC
quality with the same accuracy. Structural quality is operationalized by four mea-
sures. The first measure is the size of the ECEC center, which serves as a proxy for
differences in the capabilities of organizational structures, such as the availability
of relevant equipment, and organizational resources for cross-group activities. The
size of the ECEC centers in our sample varies from 15 to 301 children (Table 2).
The second measure is group size, which serves as a proxy for the size of a child’s
direct ECEC environment and the possibility of educator-child interactions and peer
interactions. Twenty-eight ECEC centers in the analytical sample have no group
concepts, which means that the ECEC center size equals the group size. Like the
size of the center, the group size also varies significantly (Table 2). The two char-
acteristics do not really correlate, like most of the characteristics. This, however, is
not surprising given the marked differences in the degree of official regulation of
centers on the state, community and even provider level, which not only lead to high
autonomy in implementing childcare services but also to substantial variations in the
focus of ECEC centers (e.g., Stahl 2017). The third measure, the child–staff ratio,
is derived on the basis of group sizes divided by the information on the number
of educators normally co-present in the groups. Based on the data, the child–staff
ratio varies between 2.8 and 31.5 children per educator. The values at the top of
the distribution thus deviate from the legal regulations of the minimum standards
(20 children per educator; Stahl 2017). These deviations most likely represent mea-
surement errors and are therefore set to the value of 20 (affecting 14 cases). The
formal education of the educators is the same for almost all educators. They are
trained as ErzieherIn, which is the standard qualification in German ECEC centers.
Although the vocational training as an “ErzieherIn” is not university based as in
many other countries, it is a relatively solid education covering a broad variety of
pedagogical aspects. However, as it trains day care teachers for younger and older
children, even school children, some ECEC educators take additional courses with
a specific focus on early childhood issues. In the current case, 40% of the educators
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have completed additional training with a focus on early childhood pedagogy, which
we take as the fourth measure of structural quality.

Apart from this we use additional indicators to measure ECEC quality, which
might affect EPs. The next indicator, namely the stress experience of the educator,
serves as proxy for the social “climate” in the group context and may also reflect
the quality of the educator–child interaction (as part of process quality), which may
decrease the more stressed the educator is. Stress experience was measured based
on responses to a question asking how often in the last 4 weeks group educators felt
rushed or under time pressure. Group educators were able to answer this question
on a scale ranging from 1 (always) to 5 (never). We recoded the values for this
item so that higher numbers reflect greater stress experience in educators and treat
the variable as approximately metric scaled. Half of the educators (50%) reported
often having had or even always having experienced stress within the last 4 weeks,
which is reflected in a relatively high mean (mean: 3.4, SD: 0.8). As another quality
indicator we used the information on talking circles in the ECEC centers, which are
usually aimed at encouraging children to reflect and share experiences or discuss
group dynamics. Information on the frequency of talking circles was derived based
on a question asking group educators how often these circles take place within the
group. Educators were able to rate the frequency of talking circles on a scale ranging
from 1 (never) to 7 (daily). In general, educators reported that talking circles take
place several times a week (mean: 1.9, SD: 1.2). The existence of talking circles
gives some quantitative hints on the staff–child interaction as well, although we have
no measure of how well they are implemented.

An indicator for the orientation quality of the ECEC center is a measure of
educators’ education goals. Given that we are interested in EPs, we focus on the
education goal “self-regulation,” which was measured by five items. These items
measured the extent to which group educators considered it important, each ranging
from 1 (not important at all) to 5 (very important), that children possess self-control,
act and behave in a responsible way, show respect for others, can fit in well in groups,
and are liked by others. The variable “goals” is the mean score of these items (alpha:
0.66) and is nearly normally distributed and shifted to the upper end of the scale.
On average, group educators considered it quite important (mean: 4.1, SD: 0.5) to
increase children’s self-regulation abilities.

3.3 Analytic Strategy

We examined the contributions of genes and environments to EPs in wave 2, and
the extent to which these contributions are moderated by ECEC quality indicators,
based on a genetically sensitive linear probability model with ACE variance decom-
position (ACE Model). Compared with purely phenotypic analyses such a “black
box approach” avoids problems of omitted variable bias. It is virtually impossible to
capture all relevant environmental characteristics, even with regard to the parental
home. Standard socioeconomic variables contribute only modestly to the overall
variance assigned to the shared environment (Mönkediek and Diewald 2022). Com-
pared with molecular genetic methods, advanced ACE modeling, like the bivariate
Purcell model applied in this paper, provides similar flexibility to address gene-by-
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environment interaction and gene–environment covariation. However, ACE models
have been criticized for overestimating whole-genome contribution and to underes-
timate shared environment effects (Burt and Simons 2014). Nevertheless, polygenic
scores often comprise only a small contribution of the whole genome effect with un-
clear confounding with environmental effects (Burt 2022). Moreover, it is unknown
to which degree the part captured by the polygenic score is highly selective with
respect to the overall relevance for EPs. Finally, no molecular genetic data exist for
studies that also have detailed information on ECEC quality.

The model is based on assumptions described in Neale and Cardon (1992). In
the ACE-Model, the observed EPs of twin 1 (T1) and twin 2 (T2) are postulated to
depend on six latent random variables (A1, C1, A2, C2, E1 and E2) and the means μ1
and μ2 (Jöreskog 2021; Mönkediek 2022):

T1 D �1 C a1A1 C c1C1 C E1 (1)

T2 D �2 C a2A2 C c2C2 C E2

“A” reflects “narrow sense heritability” (h2), which is indicative of the average
genetic effect on EPs (Neale and Cardon 1992). “C” represents the homogeneous
effects on EPs of the environments that the twins share, such as the family, the shared
neighborhood, or the ECEC center attended together. These effects contribute to
twins becoming more similar in their EP. “E” is indicative of accidental experiences
and individually different perceptions of same environments, both of them making
twins more dissimilar in their (externalizing problem) behavior (Freese and Jao
2017). In addition, in the analytical model “E” contains the error term. Although E1

and E2 are assumed not to correlate with each other or with all other latent variables,
the latent random variables A1, C1, C2, and A2 are assumed to have the means zero
and the correlation matrix (Jöreskog 2021; Mönkediek 2022):

ˆ D

0
BB@

1
0 1
0 1 1
x 0 0 1

1
CCA :

For MZ and DZ twins the correlation between C1 and C2 is expected to be 1,
as shared environmental influences are postulated to be shared by MZ and DZ
twins to the same extent (called the equal environments assumption).5 The genetic
relatedness of the twins (“x”) is 1 for MZ and 0.5 for DZ twins. Assuming that all
latent random variables exert the same effects on both twins of a pair, the predicted
variance–covariance matrix for T1 and T2 for MZ and DZ twin pairs is (Jöreskog
2021; Mönkediek 2022):

† .A; C; E/MZ D
�

a2 C c2 C e2 a2 C c2

a2 C c2 a2 C c2 C e2

�
(2)

5 Multiple studies have shown that the equal environment assumption is met for most traits (for an
overview see Mönkediek 2021).
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† .A; C; E/DZ D
�

a2 C c2 C e2 0.5a2 C c2

0.5a2 C c2 a2 C c2 C e2

�
:

Based on the variance–covariance matrix the three standardized variance (A, C, E)
components can be calculated (e.g., Jöreskog 2021):

A D 2 �
��

a2 C c2

a2 C c2 C e2

�
�

�
0.5a2 C c2

a2 C c2 C e2

��
; (3)

C D 2 �
�

0.5a2 C c2

a2 C c2 C e2

�
�

�
a2 C c2

a2 C c2 C e2

�
; (4)

E D 1 �
�

a2 C c2

a2 C c2 C e2

�
: (5)

We studied the extent to which characteristics of ECEC quality moderate genetic
and environmental influences on EPs based on the full bivariate moderation model
proposed by Purcell (2002). The bivariate Purcell Model, typically estimated in
a path-based parametrization, extends the baseline model by incorporating a linear
regression on the path coefficients (Fig. 1). Through this linear regression the model
partitions the variance of EPs into a part that is unrelated to the moderator (M)
(here: ECEC quality) and a part that is associated with ECEC quality (Purcell 2002;
van der Sluis et al. 2012). The part that is unrelated to the moderator (a21, c21, e21,
a22, c22, e22) can be interpreted as the regression constant. The part that is associated
with the moderator (βa1 * M, βc1 * M, βe1 * M) corresponds to the regression slope.

There are two ways through which ECEC quality can moderate genetic and envi-
ronmental influences on EPs. First, ECEC quality characteristics can act as a contex-
tual factor and compensate for or exacerbate genetic and environmental influences,
for example, family conditions, on EPs (e.g., Zavala et al. 2018 provide an example
on cognitive performance). In this case, we would observe ECEC characteristics to
moderate one or more of the three unique variance paths on EPs (βa2 * M, βc2 * M,
βe2 * M; Fig. 1).

Second, the level of ECEC quality might affect the source of covariance between
the ECEC characteristics and EPs, which is reflected in the path estimates βa1, βc1,
and βe1 (van der Sluis et al. 2012). The bivariate Purcell Model allows decomposing
the covariance between the ECEC quality indicators and EPs into common genetic
influences (a21) and common environmental influences (c21, e21). Common environ-
mental influences most likely relate to environmental confounding. Environmental
confounding could arise when children from certain social groups are more likely
to attend certain daycare centers, and at the same time are more likely to develop
certain problem behaviors. The common genetic influences (a21) most likely relate
to processes of gene–environment correlation (rGE) (Zavala et al. 2018). rGE re-
lates to patterns where individuals at a greater genetic risk for EPs are more often
found in certain ECEC environments (for a short description of rGE processes see
Diewald et al. 2016). As described, for example, by Rutter and Silberg (2002), it is
difficult to assess the relevance of moderation effects (GxE) in the presence of rGE,
because E is not completely exogenous to G, which can confound the analysis of
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Fig. 1 Bivariate moderation model based on Purcell (2002)

Fig. 2 Standardized variance components for the baseline models and models showing moderation effects
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Fig. 3 Unstandardized variance components and confidence intervals (CI) for the baseline models and
models showing moderation effects. Baseline AE refers to the baseline model with the two variance com-
ponents A and E

GxE. Therefore, we test for possible patterns relating to rGE in the current analysis
by looking at the source of covariance between ECEC characteristics and EPs.

We tested the relevance of the moderation effects by comparing model fit statis-
tics (Akaike information criterion, AIC) and by performing a likelihood ratio test
(lrtest) for nested models with and without moderation. We gradually excluded the
nonsignificant paths from our models to further improve the model fit. Based on the
lrtest we additionally tested whether a model assuming no moderation had a sig-
nificantly worse fit to the data than the reduced model (the results are reported in
Table S4 in the Online Appendix). Even though we tested moderation effects for
multiple indicators, given that in multivariate twin studies using the standard path
specification the numerical type I error rates are lower than expected (Verhulst et al.
2019), we still tested against a p value of 5%. In such a context, a p value of 5% has
been discussed to rather reflect a significance level of 1% and thus to be conserva-
tive (Verhulst et al. 2019). All models were estimated in R using the umx package
(version 4.9.0) developed by Bates et al. (2019). The lrtest was performed using
the mxCompare command, which is part of OpenMx (version 2.19.6) (Boker et al.
2011). We selected the most parsimonious model based on the lrtest in combination
with the smallest number of estimated parameters and the smallest values for AIC.
Table S2 (Online Appendix) provides an overview of the model fit statistics. In the
moderation analysis we z-standardized all variables except for the variable whether
or not educators have training with a focus on early childhood pedagogy.
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4 Results

In line with previous research (e.g., Krapohl et al. 2014) we observe only genetic
and nonshared environmental contributions to child-reported EPs (see Fig. 2 baseline
model; Table S3 in the Online Appendix). Our results suggest that about 35% of the
variation in EPs relates to genetic variation, whereas there is no evidence for shared
environmental influences. This does not imply that environments objectively shared
by twins do not affect them, but only that they do not affect the twins uniformly.

Table 3 presents the results of the moderation models that best fit the data ac-
cording to the AIC and the lrtest criteria after all nonsignificant paths have been
excluded by fixing them to zero (see Table S4 in the Online Appendix). To facilitate
the interpretation of the results, Fig. 3 summarizes the moderation effects for the
models that showed moderation by plotting the unstandardized variance components
(a2, c2, e2) and their confidence intervals (95% CIs). Given that the reported standard-
ized variance components (A, C, E; Fig. 2) can vary as a function of each other, it is
generally recommended to report the unstandardized variance components (a2, c2, e2)
when studying moderation effects (Purcell 2002).

According to the results, only genetic and nonshared environmental influences
contribute to EPs in children. Interestingly, there is also a common non-shared en-
vironmental component for ECEC center size and the child–staff ratio with EPs.
Thus, unsystematic influences that affected twins’ selection into specific ECEC set-
tings also contributed to differences in their externalizing behavior at ages 6–8 (for
ECEC center sizes: e21= 0.11, SE= 0.03; for child–staff ratio: e21= 0.06, SE= 0.03).
Furthermore, we observe common genetic influences (a21) with EPs in wave 2 for the
indicators “child–staff ratio” and “training with focus on early childhood pedagogy.”
For “child–staff ratio” the common genetic path is moderated (βa1= 0.10, SE= 0.04),
suggesting that children with a higher genetic predisposition to EPs at ages 6–8 more
often visited ECEC centers with a higher child–staff ratio when they were 4–6 years
old than children with a lower genetic predisposition. For educators’ training we ob-
serve the opposite pattern: Children with a higher genetic predisposition for EPs at
ages 6–8 more often visited ECEC centers where educators had a training with focus
on early childhood pedagogy (a21= 0.18, SE= 0.06). Nevertheless, educators’ train-
ing reduces the contribution of the genetic component (βa2= –0.24, SE= 0.04), which
is mainly pertinent for stability in EPs (e.g., Lewis and Plomin 2015), and increases
the relevance of unsystematic and individual experiences (βe2= 0.07, SE= 0.02). This
results in the variance in EPs in ECEC facilities with trained educators being almost
entirely due to unshared environmental effects (Figs. 2 and 3).

Taken together, the results make it evident that the quality of ECEC centers can
indeed be relevant for moderating a genetic risk of EPs. However, this evidence is
restricted to only two of the quality characteristics. There could be more relevant
quality characteristics, but the comparably small sample for complex modeling like
the bivariate Purcell Models we applied made coefficients often insignificant, which
in larger samples would possibly allow to the hypothesis to be confirmed for more
quality indicators. For example, we did not find any evidence for stress experience
to moderate the contributions of the variance components, although one could have
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expected that greater experiences of stress should indicate a more stressful social
“climate” in the group and a lower quality of educator–child interactions.

5 Discussion and Conclusion

In children, EPs have been shown to negatively affect different outcomes in later life
(e.g., Palmu et al. 2018). With the expansion of ECEC centers, their quality has been
increasingly discussed as a promising way of compensating for risks for developing
such problem behaviors. Our research links to important ongoing debates about the
necessity to improve ECEC quality to facilitate child development (e.g., Stahl et al.
2018). To the best of our knowledge, this paper is the first to analyze the moderating
role of specific indicators of ECEC quality on the heritability of EPs. Aside from
adverse social environments, genetic propensities for developing EPs are a second
risk that is especially relevant for the perpetuation of EPs beyond preschool age.
Moreover, the genetically informative design and methods we applied enabled us
to tackle issues related to unobserved heterogeneity and omitted variable bias in
capturing relevant environments inside and outside the family that many previous
studies suffered from.

Previous research has focused on being enrolled in ECEC centers but without
paying attention to possible differences in ECEC quality (Middeldorp et al. 2014;
Tucker-Drob and Harden 2013). The variations in several quality characteristics we
found in our sample allowed us to address this research gap. More precisely, this
paper studied the extent to which specific ECEC quality characteristics experienced
at the age of 4–6 years moderate the effect of genes as well as conditions outside
ECEC centers on EPs 2 years later at the age of 6–8 years. In other words, the
genetically informative design enabled us to analyze to which degree a genetic
risk and environmental conditions that promote EPs are buffered by specific ECEC
quality indicators. This distinction is relevant, particularly as it has been claimed
that genes contribute to stability in EPs, whereas environmental influences have been
said to lead to changes in EPs (e.g., Lewis and Plomin 2015).

Our expectation that ECEC quality moderates a possible contribution of the shared
environment as proxy for a uniform influence of the family environment on EPs was
not confirmed. This is mainly because we did not find any such shared environment
contribution to EPs at the age of 6–8 years at all. This does not necessarily mean
that the family environment does not exert any influence on EPs. Instead, the family
environment may not have a uniform but rather an individual effect on children’s
behavior, i.e., that the family environment contributes to EPs in one twin and not in
the other. Another possibility is that the family environment changed during the 2
years until the second measurement of EPs.

Our results show, however, that a higher ECEC quality with respect to educators’
training is able to moderate genetic influences that contribute to EPs, whereas it also
moderates the relevance of unsystematic, individual experiences and thus provokes
differentiation in children’s EPs. Accordingly, ECEC quality is rather effective in
buffering a genetic risk of EPs as opposed to buffering against a detrimental home
environment. In the light of existing research that genetic variation is most relevant
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for enduring EPs (e.g., Lewis and Plomin 2015), this result is not surprising, as we
addressed this aspect by measuring EPs 2 years later.

That for such a specific outcome like EPs not all ECEC quality characteristics
play a durable role for child development should not be surprising. That we could
at least identify one, namely better training of educators, should therefore not give
reason for disappointment. Rather, it gives valuable information for clearly targeted
policy interventions. That we did not find more significant moderation effects is not
only due to the complex modeling approach we applied. Most bivariate correlations
between ECEC quality and EPs were small and nonsignificant (see Table 2). We
also tested the association between ECEC quality and EPs in a multilevel regres-
sion analysis without finding any effects (not presented, results are available upon
request).

Moreover, and also relevant for educational policy considerations, our moderation
analyses point to processes of gene–environment correlation (rGE), i.e., associations
between the genetic risk of EPs and the child–staff ratio. It is difficult to determine
the exact mechanisms underlying this correlation, and further research is needed to
understand why children at a higher genetic risk of EPs are more often found in
daycare centers with a higher child–staff ratio. Differences in the selection process
of children with higher and lower genetic risks into different ECEC environments
may relate to differences in the availability of and accessibility to high-quality
ECEC for children from different social backgrounds. For example, children in
disadvantaged families are overall more likely to develop problem behaviors (e.g.,
Lansford et al. 2019). If ECEC centers in residential areas where disadvantaged
families are over-represented are more often characterized by lower ECEC quality
(compare Burchinal et al. 2014 for similar results for the USA), this would result in
more children at a genetic risk for EPs being found in lower-quality ECEC centers.
Stahl et al. (2018) did indeed find more children from disadvantaged backgrounds,
such as children of parents with lower levels of education or from families with
a migration background, attending lower-quality ECEC centers in Germany than
children from other groups. Given that children from disadvantaged families are also
said to react more sensitively to the quality of ECEC (e.g., Phillips and Lowenstein
2011), such a pattern suggests a double disadvantage for children from disadvantaged
families with genetic predispositions for EPs. Where ECEC quality characteristics
that are helpful to buffer risk for EPs, such as better opportunities for educator–child
interactions, are most needed, these characteristics are often less readily available.

Taken together, improving educators’ training and ensuring the presence of a suf-
ficient number of educators who can carry out beneficial activities with children,
appears to be a promising way of counteracting EPs in young children. Larger
centers may have an advantage in this regard, as they increase the possibility, for
instance, of funding a larger number of educators and cross-group educational sup-
port programs. This could explain why we did not observe any dedicated influences
of ECEC center size or group size.

This study is not without its limitations. First, the identification of a child’s EPs
through personal interviews (self-reports) appears rather suboptimal compared with
observational data or data derived from multiple informants (e.g., Stanger and Lewis
1993). Although previous research showed that self-reports from children aged 6
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to 10 can provide meaningful SDQ data (e.g., Curvis et al. 2014), in some studies
the reliability of the SDQ self-report subscales was found to be modest in younger
children (e.g., Di Riso et al. 2010). In the current study, the variable “externalizing
problems” has approximately a normal distribution and model fit statistics showed
that the estimated model (CFA) to predict a child’s EPs fitted the observed data well.
Nevertheless, future research should corroborate our findings using an alternative
scale, such as the Child Behavior Checklist (e.g., Achenbach 2011), and multiple
informants when possible. The second limitation is that, despite a higher response
rate than in other comparable German surveys of ECEC centers, our analyses are
based on a small sample and therefore suffer from low power to detect moderation
effects, which require more power than is needed to identify main effects (Rutter and
Silberg 2002). Therefore, these analyses are only a first step and indicate the need
for further research in this area. Third, owing to a lack of sufficient power, it was
not possible to look at the interaction of several ECEC characteristics and their joint
effect on EPs. This is a significant limitation because the environmental conditions
associated with the measured ECEC characteristics typically occur together and in
various combinations, and their effects might thus depend on each other. Future
research needs to go beyond considering ECEC quality characteristics separately in
their analysis to see the importance of ECEC quality for children’s development.
Again, much larger samples are needed in this case. Fourth, with respect to quality
measures, the orientation quality of staff at the ECEC centers and more process
quality-related measures should be considered in more detail. This should include
gathering information from all educators, if possible, and conducting observational
studies as the most appropriate approach to study process quality. Fifth, future
research should focus on the possible differences in the outcomes presented for
boys and girls and possible differences in the relevance of the variance components
between socioeconomic status groups. Such desirable differentiations required larger
case numbers, which were not available here. Finally, future research may look more
closely at the influence of combinations of ECEC quality and home environments on
EPs to further study the mechanisms underlying the estimated variance components.
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