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Developmental Dynamics and Social
Disparities in Early Education-Related
Child Development: Results from the
BiKS-3-18 Study

Sabine Weinert and Susanne Ebert

Abstract

The development of domain-specific competencies and the emergence of
social disparities start well before school entry. These early developments
have been suggested to be highly relevant to later developments, educational
pathways, and participation in society. Longitudinal large-scale studies, in
particular, provide important insights into relevant individual preconditions,
developmental trajectories, and their relation to learning opportunities in dif-
ferent learning environments. Against this background, this paper presents
selected results of the longitudinal and interdisciplinary study BiKS-3-18 with
a special focus on education-related facets of child development at preschool
age, their interrelations, predictive impact, and connection to environmental
conditions. In particular, we (1) present results on early emerging individual
differences between children, their stability over time, and their relation to
children’s socioeconomic family background (SES). (2) With a special focus
on language development, we address the impact of child characteristics and
the dynamics of early child development by presenting findings (a) on chang-
ing developmental relations between working memory and language acquisi-
tion and (b) on the interrelations between early child language and children’s
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social-cognitive, metacognitive, and social-emotional development. (3)
Finally, we report findings on the importance of individual differences and
SES-related disparities, particularly in the language domain, for later school-
related language competencies and school performance.

Keywords

Early child development - Individual differences - SES-related disparities -
Dynamic relations between developmental domains - Impact of language
on school-relevant competencies and school grades

1 Introduction

The development of domain-specific competencies and the emergence of social
disparities start well before school entry (Brooks-Gunn and Duncan 1997; Halle
et al. 2009; Hansen and Joshi 2007; Weinert et al. 2017). These early develop-
ments have been suggested to be highly relevant to later developments, educa-
tional pathways, and participation in society (Heckman 2013; Noble et al. 2007).
Bioecological models of child development highlight the significant role of chil-
dren’s developing prerequisites and their interaction with proximal and more dis-
tal environmental conditions (Bronfenbrenner and Morris 2006). Longitudinal
large-scale studies, in particular, provide important insights into relevant indi-
vidual preconditions, developmental trajectories, and their relation to learning
opportunities in different learning environments. Moreover, they enable research
on the significance of early experiences and developments for children’s future
development and educational pathways (see Hachul etal. 2019). Against this
background, this paper presents selected results of the longitudinal and interdisci-
plinary study BiKS-3-18 with a focus on education-related facets of child devel-
opment at preschool age, their interrelations, predictive impact, and connection to
environmental conditions. Thereby, special attention is paid to child language as
a particularly important developmental domain with high impact on other educa-
tionally relevant developments as well as on later learning at school.

The BiKS-3-18 study was designed and conducted by the research unit “Edu-
cational Processes, Competence Development, and Formation of Educational
Decisions in Preschool and School Age” (BiKS).! It started when children were

I The research unit BiKS was funded by the German Research Foundation. This paper sum-
marizes selected results drawing mainly on data that were conceptualized and collected
within the framework developed by BiKS Project 3 (developmental psychology; grant to
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on average 3 years of age tracing their development until the end of primary
school at about ten years. Two subsequent projects continued and expanded the
study by following the students and their families beyond primary school into
adolescence.?

Overview of the Main Issues Addressed in the Present Paper

Contrary to overarching developmental theories, child development has been
shown to be rather domain-specific, i.e., different domains of development place
different demands on children, which they master more or less easily. Thus, a
child might be advanced in one area of development but less so in another, lead-
ing to domain-specific developmental differences within an individual; likewise,
interindividual differences and developmental trajectories have been suggested
to be domain-specific. From a psychological perspective, investigating the stabil-
ity and change of these developments is of high relevance. For instance, impor-
tant questions are: To what extent do early domain-specific differences (e.g., in
the language domain) predict later differences in the same domain? Do early
differences in one domain (e.g., in language) impact on the progress and devel-
opmental trajectories in other developmental domains (e.g., social-emotional
development)? Besides these internal, possibly dynamic mechanisms of child
development, bioecological models highlight their interaction with environmen-
tal conditions. In particular, the ‘Specificity Principle” suggests specific environ-
mental conditions to impact on specific developments in specific individuals and
at specific time-points in development (Bornstein 2017, 2019a, b). Furthermore,
theoretical accounts of domain-specific development propose that some develop-
ments at some time-points might be more prone to environmental influences and
stimulating processes than others; e.g., nativistic theories of language acquisition
imply less environmental impact on early grammar than on early vocabulary (e.g.,
Chomsky 1981; Fodor 1983; Pinker 1994; Van der Lely and Pinker 2014; Vasily-
eva and Waterfall 2011).

S. Weinert; WE 1478/4-1 to 4-4) and aftiliated PhD-projects (e.g., Dubowy 2010; Ebert
2011) in collaboration with the research unit’s framework project and the other BiKS pro-
jects.

2The follow-up study BiKSplus-3-13 was funded by the German Research Founda-
tion (grants to S. Weinert, H-G. Rossbach, and G. Faust; WE 1478/8-1; FA 650/3—1; RO
820/15-1); the BiKSplus-3-18 follow-up study was funded by the German Ministry of
Education and Research (grant Nr: B§578).
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The present paper addresses those issues by drawing on data from the BiKS-
3-18 study and particularly on the measurements conceptualized within the
developmental psychology project (BiKS Project 3). In particular, we focus on
children’s education-related domain-general and domain-specific development
during preschool years and beyond and on the dynamic interrelations between
their developmental trajectories as internal conditions of child development.
Thereby, special attention is given to child language and its relation to other
developments as well as to family background and thus to the early emergence
of SES-related disparities in child development. Beforehand, we will give an
overview of the BiKS-3-18 study with a focus on the framework and design of
the longitudinal assessments of domain-general (e.g., working memory, nonver-
bal reasoning, speed of information processing) and domain-specific facets (e.g.,
mathematics, language, factual content knowledge) of child development. There-
after we present selected results on developments in these areas. In particular,
we report on the stability of individual differences over time, and on interrela-
tions between different areas of development with a special focus on the relation
between child language and other areas of development, including social-cogni-
tive and social-emotional development. Furthermore, we present results of the
BiKS-3-18 study on relations to later school-related, so called “academic” lan-
guage competencies and school grades. Thereby we also address the predictive
impact of early disparities related to family background on these outcomes.

2 The BiKS-3-18 Study and the Longitudinal
Assessments of Education-Related Facets of Child
Development

2.1 General Outline of the Design, Sampling,
and Assessments of the BiKS-3-18 Study

The design of the BiKS-3-18 study draws on the assumptions of bioecological
models of development (e.g., Bronfenbrenner and Morris 2006). According to
these models, internal factors in the sense of individual resources, developmental
trajectories, and relations between different developmental domains interact with
educational processes and environmental conditions in the family and in (educa-
tional) institutions to produce developmental changes. These are influenced by
more distal factors such as the families’ socioeconomic status (SES; e.g., parental
education, occupation, and family income) and are embedded and indirectly influ-
enced by broader cultural and societal contexts.
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Against this background, the BiKS-3-18 study followed approximately 550 chil-
dren from 97 preschools in Bavaria and Hesse longitudinally

e with age-appropriate standardized tests on their development in the (meta)cog-
nitive and language area;

e with (partially semi-standardized) observations in the children’s homes and
educational institutions as well as

e with questionnaires and computer-assisted interviews given to parents and to
relevant context persons in preschools and, later-on, schools and to the chil-
dren themselves (see Homuth et al. this volume).

Assessments started shortly after the children had entered preschool at the age of
approximately 3 years in 2005 with annual, sometimes semiannual measurement
points (survey waves) until the age of 13 and a follow-up online survey at the age
of about 18 years in 2020. The standardized tests cover a broad range of facets of
the children’s domain-general (e.g., working memory, nonverbal reasoning, speed
of information processing) and domain-specific (e.g., mathematics, language, fac-
tual content knowledge) development. In addition, aspects of social-emotional
and personality development as well as of the development of self-regulation
were assessed from a multi-informant perspective by parents’ and (pre)school
teachers’ judgements and, later on, also via self-evaluation. Another important
feature of the BiKS-3-18 study is a detailed assessment and recording of global
and domain-specific environmental stimulation, covering proximal process char-
acteristics and more distal structural characteristics of preschools, schools, and
the children’s homes (see Rossbach et al. this volume). Special attention was paid
to the assessment of indicators of the socioeconomic, educational, and language
characteristics of the children’s families.

The sampling procedure aimed at including a broad range of child, family,
and institutional characteristics (see Homuth et al. this volume) and allowed for
tracking the children’s development from early preschool through primary school
and beyond. The 550 children from 97 selected preschools were scheduled to reg-
ularly start formal schooling in fall 2008. Upon entry into school, the classmates
of the “BiKS children” were also invited to take part in the study, so that the sam-
ple increased to about 1000 children (see Homuth et al. this volume for a more
in-depth description of the sample across assessment waves). Beyond primary
school, the children (and their parents) were tracked individually and later on (last
wave in 2020) mostly via an online survey.

Measurements of domain-general and domain-specific facets of child devel-
opment and in-depth assessments of environmental factors. Tables 1, 2, and 3
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Table 2 Assessments of facets of child development in the (meta)cognitive and language
area in primary school

School Year School Year School Year School Year
2008/2009 2009/2010 2010/2011 2011/2012
End of 1st End of 2nd End of 3rd End of 4th
grade grade grade grade
Language:
Vocabulary, PPVT-R PPVT-R PPVT-R PPVT-R
receptive (research ver- (research ver- (research ver- (research ver-
sion) sion) sion) sion)
KFT (Subtest 1) | KFT (Subtest 1) | KFT (Subtest 1)
Grammar, TROG-D - TROG-D — TROG-D -
receptive adapted for adapted for adapted for
group setting group setting group setting
Listening Self-constructed | Self-constructed | Self-constructed | Self-
comprehension | (version V1) (version V1) (version V2) constructed

(text-related,;
academic lan-
guage demands)

(version V2)

Reading:

Reading compre-
hension

Text comprehen-
sion (ELFE 1-6)

Text comprehen-
sion (ELFE 1-6)

Text comprehen-
sion (ELFE 1-6)

Text compre-
hension (NEPS-
Test)?

Reading Speed SLS 1-6 SLS 1-6 SLS 1-6
Working Memory, Speed of Information Processing:

Memory span Digit span Digit span
(verbal short- (K-ABC) (K-ABC)

term memory)

Speed of
information
processing

Rapid automa-
tized naming
(RAN; Denckla &
Rudel, 1976)

Rapid automa-
tized naming
(RAN)

Nonverbal Cognitive Abilities (Reasoning), Mathematical Skills, Metacognition:

Nonverbal CFT 1 (Subtests | CFT I (Subtests | CFT 20-R CFT 20-R
cognitive 3-5) 3-5) (Subtest (Subtest
abilities Matrices) Matrices)
Mathematical Arithmetics Arithmetics Arithmetics Arithmetics
skills (K-ABC) (K-ABC) (K-ABC) (K-ABC)
HRT 1-4 (Add, |HRT 1-4 (Add, 'HRT 1-4 (Add, HRT 1-4 (Add,
Sub, Supplement) Sub, Supple- Sub, Supple- Sub, Supple-
ment) ment) ment)

(continued)
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Table 2 (continued)

School Year School Year School Year School Year
2008/2009 2009/2010 2010/2011 2011/2012

End of 1st End of 2nd End of 3rd End of 4th
grade grade grade grade
Metacognition, | Self-constructed | Self-constructed | Self-constructed | Self-
declarative' (version V1) (version V1) (version V2) constructed
(version V2)
Mental vocabu- | Self-constructed | Self-constructed | Self-constructed | Self-con-
lary? according to according to based on Asting- | structed based
Astington and Astington and | ton and Olson | on Astington
Pelletier (1997) | Pelletier (1997) | (1990) and Olson
(1990)

Notes: in italics: assessments in individual settings at home only for children of the origi-
nal sample; all other procedures: assessments in the classroom context (original BiKS sam-
ple and classmates); for children of the original BiKS sample who could not be tested in
the classroom context, the listening comprehension, mental vocabulary, and metacognition
were additionally assessed at home. PPVT, KFT, TROG-D (shortened), ELFE1-6, SLS1-6,
CFTI, HRT, K-ABC standardized tests with norms (see appendix).

! see Haberkorn et al. 2014 for a detailed description of the tasks.

2 see Weinert et al. 2019 for an overview.

3 see Ebert 2020a for a detailed description of the tasks

present an overview of the direct measurements of children’s abilities, skills, and
competencies in the (meta)cognitive and language area conducted in the BiKS-
3-18 study during preschool years (Measurement points (MP) 1 through 6), pri-
mary school years (MP 7 through 10), and after primary school (MP 11 through
13). Assessments included both domain-general and domain-specific indicators of
child development and systematically differentiated verbal and nonverbal meas-
ures as well as measures that have been suggested to be more prone to environ-
mental influences (i.e., that highly depend on education, e.g., specific content
knowledge and specific education-dependent skills such as arithmetic skills) and
those that are thought to be less influenced by environmental stimulations (e.g.,
indicators of nonverbal reasoning and working memory). Further, assessments
covered both tests of important specific skills such as specific numeracy or lan-
guage skills as well as broader measures of children’s functional competencies
such as measures on mathematical and reading literacy (Weinert and Artelt 2019,
for a discussion of this distinction).

In addition, and particularly in affiliated PhD-projects (see Sect. 2.2), special
emphasis was placed on the development of metacognition and a theory of mind
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(ToM), i.e., the developing understanding of one’s own and others’ cognition and
the development of self-regulation. Moreover, in-depth analyses of characteristics
of adult-child interactions extending the measurements of the educational BiKS
Project 2 (Rossbach et al. this volume) were conducted.

Family background indicators (e.g., parental education, occupation, and fam-
ily income; language background and language use in the family) and measures
of children’s social-emotional development were assessed via questionnaires and
computer-assisted interviews with parents as well as by preschool and school
teachers’ questionnaires in cooperation with the other BiKS projects. Concerning
social-emotional development, BiKS Project 3 focussed in particular on aggres-
sive behavior, emotional self-regulation, peer relations/cooperative behavior, shy-
ness, and attention/concentration which were coherently assessed across waves
using a multi-informant approach.

2.2 Longitudinal Assessment of Child Development
Across Waves

Preschool period. To assess educationally relevant facets of (meta)cognitive and
language development (which we will also refer to as “competence development”
further on), a total of six measurement waves were carried out every six months
during the preschool period. Data collection took place in the preschools, where
the children were tested in playfully designed individual settings by extensively
trained project staff (at 1 to 4 days per measurement point). At the first wave
(Measurement point (MP) 1) in fall 2005, all participating children (N=1547)
were tested on three test days. They were presented with various standardized,
internationally compatible tests that focused on different facets of children’s cog-
nitive and language development. As Table 1 shows, we assessed, for example,
indicators of receptive and productive language (vocabulary; grammar: morphol-
ogy; sentence production and comprehension), working memory (digit span;
pseudoword repetition; nonverbal short-term memory),?> speed of information
processing (rapid automatized naming),* basic nonverbal cognitive abilities (rea-
soning; categorization), as well as indicators of children’s numeracy skills and

3See Knoferle (2014) for a detailed description of the tasks (i.e., tasks/items that were not
taken from standardized tests).

4See Ebert and Weinert (2013) for a detailed description of this task.
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their factual content knowledge. Six months later (spring 2006, MP 2) about half
of the children (n=267) were again examined in central areas of development
(language, working memory, basic nonverbal abilities, factual content knowledge,
metacognition) with a smaller number of tests on one test day. On a second test
day, these children were presented with additional measures. For instance, some
of them received tasks on their theory of mind (see Ebert 2011, 2015 for more
information), others on story comprehension (see Ebert and Weinert 2013). In fall
2006 and 2007 (MP 3 and 5), children’s (meta)cognitive and language develop-
ment were again assessed in the entire sample on two test days each, with the
sub-sample of 267 children receiving supplementary tests on a third test day. The
latter group was also tested again in spring 2007 (MP 4) in key areas of develop-
ment. In spring 2008, i.c., at the last assessment wave before school enrollment
(MP 6), (school-relevant) cognitive and language tests were again presented to all
children. Since children who had started school early were no longer in preschool
at the last two assessment waves, the testing of these children took place at their
homes with a reduced test battery due to time constraints.

Additional in-depth assessments. In addition, a small, but systematically
selected sub-sample of 68 mainly monolingual children representing a wide range
of SES and individual differences was tested in depth at measurement points 3 to
5 within affiliated PhD-projects (Dubowy 2010; Ebert 2011). These assessments
focused on the acquisition of self-regulation (procedural metacognition, e.g.,
allocation of study time, evaluation of task difficulty; verbal self-regulation via
private speech assessed during videotaped individual playful task situations: see
Dubowy 2010) as well as on the acquisition of metacognitive knowledge about
memory and learning (i.e., declarative metamemory; see Dubowy 2010; Ebert
2011), the development of a theory of mind, i.e., the developing understanding
of one’s own and others’ cognition and particularly of the significance of mental
states as guiding human behavior, and the understanding of mental terms (Ebert
2011). Most of these assessments took place on an additional day in the pre-
schools (individual setting). In this sample, also three semi-standardized dyadic
interaction situations between the main caregiver and the child were realized in
the home context and recorded on video (joint picture-book reading, memory
game, construction game; see Ebert 2011).

During primary school years, direct measures of the children’s (meta)cogni-
tive and language development and other important school-relevant and school-
related competencies were assessed at four measurement points mainly in the
class context (group setting). The original BiKS sample was expanded to include
their classmates (see Homuth et al. this volume). In addition to the assessments in
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the classroom setting, the children of the original BiKS sample were additionally
tested in the home context with selected instruments that had already been used
in preschool and required an individual test setting. Children of the original BiKS
sample who could not be examined in the school context, e.g., because the school
refused to participate, were tested individually at home in central developmen-
tal areas. Assessments addressed the following areas of development: language
(listening comprehension: in particular, receptive vocabulary; receptive grammar:
sentence comprehension; listening comprehension of texts featuring “academic
language” characteristics of the language of schooling®); reading (text compre-
hension; reading speed); mathematics; metacognitive knowledge about memory
and learning (also called ‘declarative metacognition’; note that declarative meta-
cognition includes ‘metamemory’, i.e., the knowledge about memory); basic non-
verbal abilities; information processing speed; verbal short-term memory (see
Table 2).

In addition, within BiKS Project 3, at school age, several school lessons
(mathematics, German, social studies and general sciences) were recorded on
audio media (four measurement points: end of first grade, beginning and end of
second grade, beginning of third grade; 56 classes, three lessons each) to ana-
lyze the effects of teachers’ language on children’s (meta)cognitive and language
development beyond preschool on the one hand, and on their school performance
on the other hand.

Beyond primary school, three further assessment waves took place, the first
two in individual settings at the children’s homes and the last measurement wave
was conducted in 2020 mainly as an online survey. When children were in Grade
7 and about 12 to 13 years of age, as well as one year later (see Table 3), the
children were again presented with language tests (receptive vocabulary, listening
comprehension of texts®), with tests on reading literacy and mathematical compe-
tence (tests developed and used in the National Educational Panel Study (NEPS);
see Autorenteam Kompetenzsdule 2020; Weinert et al. 2019 for descriptions). Fur-
ther assessments covered indicators of children’s theory of mind (measured via
short stories: strange stories, sarcasm; see Ebert 2020b for a short description of
these tasks), of working memory (digit span forward as an indicator of the capac-
ity of phonological short-term memory (and the phonological loop of working

3 See Kotzerke et al. (2013) for a brief description of this test developed by the BiKS Pro-
ject 3.
6See Ebert (2020a, b) for a description of the task adopted from DELKO (Marx and Stanat
2009).
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memory, respectively); digit span backward as an indicator of the central execu-
tive of working memory), and procedural metacognition (NEPS-indicator on
metacognitive judgements of performance). Besides standardized tests and tasks,
a focus was on social behavior, motivational attitudes, life satisfaction, well-being,
school career and success, as well as on leisure activities as outcome measures;
furthermore, indicators of parenting behavior and family climate were assessed
(e.g., parenting style, stimulation, family climate). As those measures were a spe-
cial focus of the respective assessment waves, indicators are also listed in Table 3.
This latter focus was also addressed in the online survey at the last measurement
point when the participants were about 18 years old. In addition, during these last
three waves, some short indicators of parents’ knowledge (last wave in 2020),
their verbal fluency and cognitive flexibility (in 2014/2015) as well as their vocab-
ulary skills (2015/2016) were assessed once with parallel tests given to the target
persons.

3 Selected Empirical Findings: Domain-Specific
Trajectories, Interrelations Between Domains,
and Environmental Conditions

In the following, we report selected findings on children’s development during
preschool years with special attention given to child language. We thereby focus
on both environmental factors and child characteristics that are relevant to chil-
dren’s language and (meta)cognitive development and present results on the pre-
dictive impact of early developments, particularly in the language domain, on
later outcomes. In particular, we (1) present results on early emerging domain-
specific performance differences between children, their stability across time, and
their relation to children’s socioeconomic family background (SES). (2) With a
focus on language development, we address the impact of child characteristics
and the dynamics of early child development by presenting findings (a) on chang-
ing developmental relations between working memory and language acquisition
and (b) on the interrelations between early child language and children’s social-
cognitive, metacognitive, and social-emotional development. (3) Finally, we
report findings on the importance of early individual differences in child develop-
ment, particularly in child language, and SES-related disparities for later school-
related language competencies and school performance.
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3.1 Early Emergence and Stabilization of Domain-
Specific Individual Differences and Their Relation
to Family Background

Of course, children differ in their individual resources and potentials from the
very beginning of their lives. From early on, children’s individual abilities and
prerequisites interact with their learning environments. In the following we sum-
marize findings of the BiKS-3-18 study documenting that domain-general cog-
nitive abilities and specific knowledge-based skills can be distinguished already
at the age of 3 years. In addition, we report findings that show that individual
differences in those domain-specific developments that are particularly prone to
environmental conditions, stabilize early and are significantly associated with the
children’s family background.

Early Stabilization of Domain-Specific Individual Differences

One important result of the BiKS-3-18 study is that individual differences in edu-
cation- and knowledge-dependent skills as well as SES-related disparities in these
developments emerge and stabilize early in preschool age and thus long before
school entry (Weinert et al. 2010).

As Weinert et al. (2010) document, already at the age of 3 years shortly after
having entered preschool, results of the BiKS-3-18 study demonstrate a differ-
entiated achievement profile: Children who are more or less advanced in one
area of development are not necessarily accelerated or restricted in other devel-
opmental areas. Exploratory factor analysis and multidimensional scaling of the
broadly assessed early indicators of children’s domain-general cognitive abilities
(verbal working memory, nonverbal cognitive abilities) and their domain-specific
(language and numeracy) skills showed the theoretically predicted differentiation
between achievement domains already at the age of 3 years. As expected, a dis-
tinction can be made between a language factor, a working memory factor, and
a reasoning factor. As suggested by models of skill and knowledge acquisition,
indicators of knowledge-based numeracy skills loaded on all three factors, while
children’s achievement on a factual knowledge test loaded particularly on the lan-
guage and working memory factor (Weinert et al. 2010, p. 38).

Although all children showed substantial developmental progress over the next
years, the observed individual differences between children remained rather sta-
ble across the preschool period (Weinert et al. 2010, p. 40; see Table 4).

In particular, the early emerging interindividual differences in language and
knowledge-based skills (numeracy skills; factual knowledge) proved to be very sta-
ble between ages 3 and 5 even when controlling for age differences (see Table 4).
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Table 4 Early achievement differences at the age of 3 years predicting differences at the
age of 5 years (stabilities of individual differences over a two-year-period) (adapted from
Weinert et al. 2010, p. 40)

r (age controlled) n
Language skills 0.74%* 442
Knowledge-based skills 0.86%* 456
Verbal working memory 0.49%* 434
Nonverbal abilities 0.47%* 441

Note: ** p<0.01. n: number of subjects. r: correlation

In agreement with other longitudinal studies, measures of verbal memory and non-
verbal cognitive abilities showed comparatively lower stability of individual differ-
ences (Weinert et al. 2010; see also, e.g., Niklas et al. 2010; Schneider et al. 1998).

Thus, especially children’s education-dependent domain-specific develop-
ments (early language, numeracy skills, factual content knowledge) showed an
early stabilization of individual differences. As we report in more detail below,
these differences have a major impact on further development. These develop-
ments may be characterized by a cumulative acquisition process under relatively
constant environmental conditions. This may explain the early stabilizations of
the interindividual differences. However, it must be taken into account that the
assessment of working memory and nonverbal abilities could be influenced to
a greater extent by situation-dependent attentional processes in young children,
which may restrict reliability and thus stability.

Over and above the high stability of individual differences in the education-
dependent domain-specific developments in language, numeracy skills, and factual
knowledge, additional analyses show that the performance variance in these skills
does not decrease over the preschool period, but rather increases over time. Con-
cerning the development of receptive vocabulary, for example, a substantial increase
in variance by about 36% showed up (Weinert et al. 2010, p. 41), which is, at least
partially, due to increasing differences (Matthew effect) between children with a
German and a non-German family language background (Ebert et al. 2013; Weinert
and Ebert 2017). Yet, despite high stabilities of individual differences in develop-
mental trajectories, a large amount of variance (e.g., more than 40% in the language
domain) remains unexplained by preceding performance differences hinting to
internal and external influencing factors that may explain changes in individual dif-
ferences and developmental trajectories (see below and Lehrl et al. this volume).
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Early Emergence of Disparities in Domain-Specific Development Related to
Family Background

It is one of the alarming results of the BiKS-3-18 study that significant disparities
in education-related areas of child development (i.e., language, numeracy skills,
and factual content knowledge) are already present in early preschool age, both
as a function of the family’s language background (Dubowy et al. 2008; Ebert
etal. 2013) and in connection with parents’ SES as indicated by parental edu-
cation, occupation, and family income (Ebert et al. 2020; Weinert et al. 2010,
2012; Weinert and Ebert 2013). At the same time, the children’s performance in
nonverbal reasoning tasks was less associated with children’s family background
(Dubowy et al. 2008; Kurz et al. 2008; Weinert et al. 2010).

In particular, BiKS findings show that—despite substantial heterogeneity within
social groups—SES-related disparities were particularly pronounced in the lan-
guage area (Weinert et al. 2010, p. 39). This is troubling because—as already men-
tioned—differences in early language development prove to be relatively stable
over time and are considered and empirically demonstrated to be highly important
for other areas of development including knowledge acquisition, social-cognitive
(theory of mind), metacognitive, and social-emotional development as well as
school performance (see Sect. 3.2, 3.3).

Considering different models of language acquisition, it is particularly inter-
esting that SES-related disparities are not only evident in children’s vocabulary,
but also in their early grammar at the age of only three years (Weinert and Ebert
2013). In fact, SES-related disparities in early vocabulary and grammar were
even comparable and, depending on the family background indicator, explained
between 6 and 12% of the observed variance between (monolingual German-
speaking) children. This did not change significantly over preschool years
although all children included in the study attended preschool (Weinert and Ebert
2013). Note that these analyses considered monolingual children only to not con-
found disparities due to families’ SES with multilingual development.

Thus, contrary to nativistic assumptions (in the tradition of Baker 2001;
Chomsky 1981; Pinker 1994; see Weinert and Grimm 2018), not only vocabulary
but also early grammar acquisition seems to be affected by family background
and environmental language stimulation. More recent results using data of the
German National Educational Panel Study further confirm this finding for even
younger children (Attig and Weinert 2020). Regarding children from families
with a background of migration (or more precisely: with a non-German language
background), performance gaps in vocabulary further increased compared to chil-
dren without a background of migration over the course of preschool (for addi-
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tional results on children with a background of migration see Ebert and Weinert
this volume; Dubowy et al. 2008; Ebert et al. 2013).

At school, SES-related disparities prove to be particularly pronounced when it
comes to more sophisticated “academic language” requirements (Kotzerke et al.
2013, 2014; see also Berendes et al. 2013). With regard to rather basic language
skills necessary in everyday language use, social and migration-related differ-
ences decrease in the course of primary school, as children from socially disad-
vantaged families and non-German-speaking homes increasingly master tasks,
e.g., on basic sentence comprehension in German (Ebert and Weinert this volume;
Kotzerke et al. 2014). However, concerning the comprehension of more complex
sentences used in the language of schooling, some children still show significant
limitations even in third grade (Ebert and Weinert this volume; Kotzerke et al.
2014; see also Berendes et al. 2013). These findings converge with other empiri-
cal results documenting increasing SES-related disparities in academic language
proficiencies in the language of schooling as well as an increasing gap between
children with and without a background of migration over primary school years
(e.g., Volodina et al. 2020).

3.2 Developmental Relations Between Domains
of Development

Although research shows that child development and the acquisition of compe-
tencies are domain-specific endeavors with domain-specific trajectories, there
are also important and dynamic developmental relations between domains (e.g.,
Weinert 2020, 2022, for overviews). Thereby the specific relations and direc-
tion of influence between domains may change dynamically across development
(Weinert and Ebert 2017). The BiKS findings that are reported in the follow-
ing underline this assumption and highlight the importance of differentiating
between the prediction of outcomes and the prediction of developmental progress.
We focus here on relationships between language development and other areas
of development to illustrate that development in the important and educationally
highly relevant domain of language is not only stable, but also dynamic and inter-
related with various other areas of development.

Working Memory as an Important Predictor of Early Vocabulary Acquisition:
Group-Specific Differences and Changing Relations

It is well documented that interindividual differences in working memory capacity
and children’s vocabulary status are substantially associated both simultaneously
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and across ages (Ebert et al. 2013; Knoferle 2014; for overviews Gathercole and
Baddeley 1993; Weinert 2010, 2020). Yet, for vocabulary growth, the BiKS findings
show that individual differences in measures of working memory capacity prove to
be predictive especially in the early phases of vocabulary acquisition (Ebert et al.
2013; Weinert et al. 2012). In particular, using growth curve modeling, an effect of
working memory capacity on vocabulary growth (slope) between age three and five
years could only be demonstrated in children with a non-German language back-
ground and thus with a comparatively limited vocabulary in the majority language
German (Ebert et al. 2013) as well as in monolingual German-speaking children
with comparatively limited language skills at the beginning of the study (Weinert
et al. 2012) but not for monolingual children with more advanced vocabulary skills.
At the same time, differences in working memory were substantially associated with
children’s vocabulary at the first measurement point in all groups (intercept).

Further analyses show, that despite simultaneous and time-delayed associa-
tions between various measures of verbal working memory (digit span, pseudo-
word repetition; Knoferle 2014, p. 166), only pseudoword repetition predicted the
changes in individual differences in vocabulary within cross-lagged panel analy-
ses (Knoferle 2014, p. 168, 206). Thus, the BiKS findings substantiate and extend
the assumption, that particularly the repetition of pseudowords, i.e., the immedi-
ate reproduction of prosodically structured non-words, is predictive for vocabulary
progress (Knoferle 2014; see Gathercole 1995 for related findings). Moreover, the
relation between working memory and vocabulary may change across development
(e.g., Gathercole and Baddeley 1993). In the early phases of vocabulary develop-
ment, working memory is particularly predictive as BiKS data show. Later on, the
acquired vocabulary seems to become “a major pacemaker in the developmental
relationship” (Gathercole et al. 1992, p. 887; see Weinert 2010, for an overview).

Developmental Relations Between Early Language and the Development of
Theory of Mind and Metamemory Knowledge

Acquiring a theory of mind (ToM) is thought to be highly relevant to both social-
emotional as well as cognitive development (e.g., Ebert 2011, 2015; Lockl et al.
2017). “Theory of mind” means the developing ability of children to attribute men-
tal states to themselves and others and to understand that people act according to
their mental states (such as beliefs, wishes, knowledge) which may differ between
persons and may also deviate from reality. Metamemory knowledge (or declara-
tive metamemory; both terms are used interchangeable in the following) also
addresses children’s developing understanding of one’s own and others’ minds but
with a special focus on memory (e.g., understanding that one may forget things;
that it is harder to remember more items compared to fewer items; that additional
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study time may be helpful; Ebert 2011, 2015; Haberkorn et al. 2014; Kreutzer et al.
1975; Lockl and Schneider 2006, 2007; Lockl et al. 2016; Wellman 1977).

As language is an important means for communication as well as for coding
mental states and complex propositions which are often used when talking about
mental states, language has been suggested to impact on children’s ToM devel-
opment. The significant role of language for acquiring ToM is empirically sup-
ported by experimental (e.g., Lohman and Tomasello 2003), quasi-experimental
(e.g., Nilsson and de Lopez 2016; Peterson and Siegal 2000), and longitudinal
studies (e.g., Weinert and Ebert 2017, for a brief overview). Following other find-
ings (see Milligan et al. 2007, for a meta-analysis), the BiKS-3-18 study shows
that children’s early language skills are highly predictive for later ToM perfor-
mance (Ebert 2011, 2015, 2020a, b). Over and above predicting later ToM per-
Sformance, analyses of the BiKS-3-18 data (Ebert 2011, 2015) show that early
language skills also predict ToM development over the preschool years which
in turn predicts the development of metamemory knowledge. In particular, chil-
dren’s early language skills at age 3;2 were closely related to both their ToM and
their metamemory knowledge at age 3;8 (both intercept), and thus predictive of
both performances half a year later. In addition, early language also predicted
ToM development over the next years (slope) and, though less pronounced, pro-
gress in metamemory knowledge (Ebert 2015). Further—as already mentioned—
early ToM understanding remained an important pacemaker for the development
of metamemory knowledge (i.e., declarative memtamemory), at least in preschool
age (Ebert 2011, 2015), but not in school age (Ebert 2020a).

Looking at an extended developmental period up to age 13, the BiKS-3-18
study demonstrates that early language skills in preschool age predict changes in
ToM also between age 5;6 years and 12;8 years (Ebert 2020b). Here, it was par-
ticularly sentence comprehension, rather than vocabulary, that proved predictive
of change in ToM over time. However, investigating this longer developmental
period there are also effects of early ToM on children’s language competencies,
particularly on changes in vocabulary (Ebert 2020b) and listening comprehension
(Ebert 2020a).

Findings of the BiKS-3-18 study according to Ebert’s (2011) analyses also
demonstrate that the relations between specific language skills and metamemory
knowledge are subject to dynamic changes over preschool age (see Fig. 1).

Thus, at the age of about 4 ' years, basic knowledge about memory (declara-
tive metamemory) predicted the acquisition of a differentiated in-depth under-
standing of mental terms (i.e., understanding the exact meanings of mental verbs,
such as know, remember, believe, forget). Later on, this relation changed. Now it
was the understanding of specific word meanings (mental verbs) that predicted
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mental verbs mental verbs mental verbs
4,5 years 4;11 years 5;5 years
20 -35%
.35% .10
metamemory knowledge metamemory knowledge memory knowledge
4;5 years 4;11 years 5;5 years

Notes: * p <.01. Significant relations (controlling for autoregressive effects) are in bold.

Fig.1 Cross-lagged correlations (controlling for autoregressive effects) between com-
prehension of mental verbs (such as know, remember, believe, forget) and metamemory
knowledge between 4 '2 and 5 !4 years of age (age in years and months; adapted from
Ebert 2011, p. 335)

changes in metamemory knowledge as a cross-lagged panel analysis suggested
(see Fig. 1). This implies that children are working on an understanding of the
mental world, with a relatively general knowledge about mental processes such as
memory (declarative metamemory) initially predicting the acquisition of specific
word meanings. Once these are acquired, they contribute to the further acquisition
of metamemory knowledge.

Note that the BiKS-3-18 study not only showed early roots and developments
of declarative metamemory but also allowed to study early developing facets of
procedural metacognition (e.g., verbal self-regulation, study time allocation,
judgements on task difficulty). As shown by Dubowy (2010), these facets were
not closely related to each other. Yet, these developments have been suggested to
be particularly important for later school learning.

The Predictive Impact of Early Language on Later Social-Emotional Qutcomes

An important result of the BiKS-3-18 study is that children’s early language
development as measured by tests on vocabulary and grammar is not only related
to their later cognitive and metacognitive skills and knowledge, but also to their
social-emotional competencies. This is shown, for example, by cross-lagged
panel analyses conducted by Rose et al. (2016; see Fig. 2). These analyses docu-
ment, that differences in children’s early language skills at age 3 predicted both
children’s social-emotional outcomes at the end of first grade (as judged by par-
ents and teachers in a multi-informant perspective) as well as the changes of indi-
vidual differences across a 4-year-period from early preschool into school (see
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Prediction of social-emotional development
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Note. Path coefficients (1* coefficient based on model without additional controls (N = 551; y* =
28.15 (df = 6); p <.01; CFI= 97; TLI = .88; RMSEA = .08; AIC = 6561.61) / 2™ coefficient based on
model with additional controls (N = 531; y* = 27.60 (df = 6); p < .01; CFI= .97; TLI = .80; RMSEA =
08; AIC = 13166.40). + p< .10, * p< 05, ** p< 01

Fig.2 Path-model on the relation between social-emotional and language development
from age 3 to age 7 (adapted from Rose et al. 2016, p. 70)

Fig. 2; cross-lagged panel analysis statistically controlling for early differences
in children’s social-emotional skills and additionally for family’s socioeconomic
and language background, children’s sex, and their nonverbal cognitive abilities
at first measurement point). The relations proved to be unidirectional as early
social-emotional skills did not significantly predict language development during
that time period when early language skills were taken into account (Rose et al.
2016). Further analyses extended these relations to also hold from age three to
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eight years (Grade 2) and even over 10 years (Rose et al. 2022, 2018a, 2018b).
Possible explanations why early language impacts on social-emotional devel-
opment are multifold. On the one hand, language can support social-emotional
self-regulation through self-directed private speech (e.g., Prizant and Wetherby
1990); on the other hand, verbal communication is important for relationships
with peers and for coping with conflicts (e.g., via verbal conflict resolution). In
addition, restricted language comprehension might contribute to developing a so-
called hostile attribution bias, i.e., a tendency to attribute a hostile intent in case
of conflicts or injuries in ambiguous situations (Rose et al. 2022) leading to reac-
tive aggression (e.g., Dodge 1980). In support of this assumption, path models
using BiKS-3-18 data showed that children’s language skills at age 3 predicted
aggressive behavior (self-ratings on facets of aggression) and hostile intention
attributions over 10 years, even when controlling for important child and family
characteristics and initial levels of aggressive behavior at age 3. Moreover, the
hostile intention attributions mediated the predictive impact of early language on
later aggressive behavior (Rose et al. 2022).

3.3 Individual and SES-Related Differences in School-
Relevant Skills and Their Impact

The results reported so far show early emerging individual differences and SES-
related disparities in children’s domain-specific development which remain rather
stable across preschool age or even increase during this time. Further, shortly
before school entry (MP 6) BiKS-3-18 data document severe differences between
children in school-relevant abilities and skills as well as SES- and migration-
related disparities related to family background (Kotzerke et al. 2013; see also
Ebert and Weinert this volume). In particular, in monolingual German-speaking
families we found substantial differences in their children’s numeracy skills, let-
ter knowledge, and sentence comprehension depending on their mothers’ educa-
tion, though there were no differences in the children’s basic nonverbal cognitive
abilities (Kotzerke et al. 2013). Interestingly, when comparing children with and
without a background of migration (language background) no differences showed
up in the children’s letter knowledge (under control of family’s SES as indi-
cated by the Highest International Socio-Economic Index of Occupational Status
[HISEI]; Ganzeboom et al. 1992). Yet, children with a background of migra-
tion showed clear limitations with respect to their German language proficiency
(sentence comprehension; group difference between children without and with
a background of migration (both parents; only one parent): effect size=0.12).
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The latter was especially true for children whose both parents speak a mother
tongue other than German (Kotzerke et al. 2013; see also Ebert and Weinert this
volume). The differences in sentence comprehension explained substantial vari-
ance in later text-related listening comprehension in German (also when statisti-
cally controlling for children’s nonverbal cognitive abilities and family’s SES).
As summarized in Fig. 3, analyses by Kotzerke et al. (2012) suggest that listen-
ing comprehension of texts that included features that have been suggested to be
typical for the language of schooling (i.e., children’s academic language profi-
ciency) in Grade 3 is related to both children’s earlier vocabulary and grammar
skills at school entry. This result (i.e., the predictive relation of early language
for later text-related listening comprehension) holds even up to the age of 13
(Ebert 2020a, b). While both vocabulary and grammar skills at primary school
entry are predictive for later differences in academic language proficiency (text
comprehension; Fig. 3a) and even across an extended time period (Ebert 2020b),

First grade Third grade
l Grammar -30**
Academic language (text RI= IG5+
15* comprehension)
‘ Vocabulary
First grade Third grade

Academic language (text
comprehension)

19%+

| 23%* Academic language (text

: RZ=.26**
comprehension)

‘ Grammar

Al
‘ Vocabulary

Note. Coefficients are standardized Beta-weights (additionally controlling for differences in basic
nonverbal cognitive abilities (CFT-1, Cattell et al. 1997) and SES (ISEI: International Socio-Economic
Index of Occupational Status, Ganzeboom et al. 1992) in first grade. * p <.05. ** p <.01. Analyses by
Kotzerke et al. 2012.

Fig.3 Results of regression analyses predicting later academic language proficiency (lis-
tening comprehension of texts characterized by academic language features)—with (3b)
and without (3a) controlling for differences in Grade 1
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children’s grammatical skills (comprehension of sentences differing in gram-
matical structure) proved to be particularly predictive for the development of text
comprehension over primary school years. As Fig. 3b shows, grammar is even
predictive for later academic language proficiency when controlling for early per-
formance differences in academic language in Grade 1, for nonverbal cognitive
abilities (CFT1; Cattell et al. 1997) and family’s SES (ISEI; Ganzeboom et al.
1992). Early vocabulary as well as nonverbal abilities both lose their significant
predictive impact on later academic language (text comprehension) when control-
ling for earlier differences in academic text comprehension at school entry (see
also Kotzerke et al. 2013).

Further, as predicted, listening comprehension of texts with features of aca-
demic language explained a substantial proportion of variance in children’s
school performance in second grade—even in monolingual German-speaking
children. This was shown for children’s school performance (school grades) in
social studies and general sciences (r=0.52) as well as in German (r=0.41), and
mathematics (r=0.36) (Kotzerke et al. 2013; see Table 5). The substantial rela-
tion between language skills and school grades remained significant even when
controlling for children’s age and nonverbal cognitive abilities (see Table 5). The
importance of early language skills for school performance is also substantiated
by their predictive relation to later reading comprehension (Ebert 2020a, b; Ebert
and Weinert 2013). Further analyses show, that the children’s (sophisticated) aca-
demic language skills explained the comparatively largest share of the variance in
achievement in social studies and general sciences—compared to children’s age,
nonverbal cognitive abilities, and family’s SES—and mediated the SES-related
disparities: Social background characteristics lost their effect on children’s school
performance when children’s language skills were included into the model (Wein-
ert et al., in prep.; see also Kotzerke et al. 2013). Similar findings, although not as
pronounced, are also found for the subjects German and mathematics. Thus, lan-
guage seems to be an important mediator of the observed SES-related disparities
in school performance even in monolingual children.

34 Conclusions and Prospects

The BiKS-3-18 study allows to analyse the early emerging individual differences
and SES-related disparities in school-relevant areas of child development, their
dynamic interrelations and important internal and external influencing factors.
With a special focus on the important domain of language, this chapter summa-
rized results on the stability, dynamic interrelations, and the impact of early indi-
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Table 5 Relation between (academic) language proficiency (test on listening comprehen-
sion) and school performance (teacher judgement) in second grade (monolingual children)
(adapted from Kotzerke et al. 2013, p. 127)

Academic language skills German | Mathematics | SSS

Bivariate correlation (n =208) —0.41** | —-0.36** —0.52%%*
Controlled for nonverbal abilities (n=205) —0.33** | —0.29** —0.46**
Controlled for age & nonverb. abilities (n=199) | —0.31** | —0.27** —0.45%%*

Note: ** p<0.01 (two-tailed), negative relations are due to school grades ranging from
1 (highest grade) to 6 (lowest grade); nonverbal cognitive abilities: CFT 1 (Cattell et al.
1997). SSS: social studies & general sciences

vidual and SES-related disparities. The reported findings show pronounced and
stable individual differences and SES-related gaps in early education-dependent
and educationally relevant domain-specific skills, especially in early language
skills. These prove important for other school-relevant competencies and devel-
opments, e.g., metamemory development, the development of a theory of mind,
and facets of social-emotional development such as emotional self-regulation,
peer relations/cooperative behavior, and aggression. Early language skills are also
predictive of children’s later more sophisticated academic language proficiency,
which is highly relevant to learning across school subjects (including mathemat-
ics, see e.g., Table 5; Ebert 2020a; Kotzerke et al. 2013; see also Heppt et al.
2020). Children with advanced language skills at an early age perform better at
school and are rated as more socially competent and socially acceptable by their
parents and teachers.

Because early child language is particularly important for further development
and associated with a variety of developmental domains, the question arises as to
which factors in the home-learning environment as well as in institutional settings
might contribute to successful language development (see Lehrl etal. this vol-
ume). The observation of early emerging and rather stable SES-related disparities
in early language development as well as results showing a Matthew effect, i.e., an
increasing gap in more sophisticated academic language skills in school age (e.g.,
Volodina et al. 2020) with a significant impact on school performance (Heppt et al.
2020; Schuth et al. 2017; see also Sect. 3.3) points to important influencing factors
in the home-learning and early institutional environments as assumed in bioecologi-
cal models of development (e.g., Bronfenbrenner and Morris 2006). The BiKS-3-18
study provides important insights into the dynamics of developmental trajectories as
well as into the complex interplay between the home-learning and the institutional
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learning environments, which were especially recorded in the educational BiKS
Project 2 (see Rossbach et al. this volume). In particular, as documented in Lehrl
et al. (this volume), the BiKS-3-18 study supports the Specificity Principle (Born-
stein 2017) by showing that both vocabulary and grammar acquisition are influ-
enced by the learning environment from early on (see Sect. 3.1 this chapter), with
different aspects of the learning environment promoting either of them (Ebert et al.
2020; Lehrl et al. 2012; Weinert and Ebert 2017; see Lehrl et al. this volume). Fur-
ther, these different aspects of the learning environment are not highly associated
(see also Attig and Weinert 2020; Ebert et al. 2020). Thus, families that show more
effective stimulation of children’s vocabulary development do not necessarily pro-
mote children’s grammar or early reading (e.g., letter knowledge) to the same extent
(Ebert et al. 2020; Lehrl et al. 2012). In addition, SES-related disparities in different
language skills, such as vocabulary, grammar, early reading, are related to different
language promoting factors as summarized in Lehrl et al. (this volume).

Overall, findings of the BiKS-3-18 study hint to a significant impact of early
child development on later developments and educational success. Individual
differences and SES-related disparities emerge early in life and relate to further
developmental trajectories in other areas of development as shown in the pre-
sent chapter for language development. Furthermore, individual differences are
influenced by distal (e.g., SES as shown in the present chapter or language back-
ground of the family, see Ebert and Weinert this volume) and by differentiated
proximal factors of the learning environments (see Lehrl et al. this volume for
findings of the BiKS-3-18 study). The high impact of early child development
on future development and school success has important practical implications:
In particular, early child language and child development should be addressed
by early promotion programmes targeted to families, children, and institutions
to reduce the early emerging SES-related gaps and to foster all children in their
development.
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