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The linguistic, mathematical, social-emotional, and cognitive precursor competencies are important
predictors of learning success already at kindergarten age. A systematic analysis of the state of research on
the actual interrelationships of the focused precursor competencies brings together results of a meta-
analysis. The literature search yielded 653 hits, which were reduced to 94 hits after applying exclusion
criteria. It was possible to perform 271 correlation tests in 39 pathways. Thus, the sample (n = 141,508
[M = 1505,SD = 3930]) with an average age of 5.2 years (SD = 0.10 years) is balanced in gender ratio of
485 % male and 489 % female (2.6 % not specified). The largest correlation between literacy and
mathematical precursor skills is r = .65. With a correlation between r = .17 and r = .60, executive
functions significantly influence the development of literacy and mathematical skills and learning
behaviors. Learning behaviors are most strongly related to social skills, with r = .57. Parental influence
turns out to be smaller, with correlations ranging from r = .19 to . 55. The effect of individual pathways is
also small, and peer group was not included in the search term combination. Successful educational
processes in day care centers can be improved with a focus on the promotion of executive functions and
learning behaviors.
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1. Introduction

In order to support learning success at an early age, learning at kindergarten age is increasingly
becoming the focus of educational research. Findings of previous research show that negative
learning experiences at kindergarten age can inhibit the motivation and effort of prospective
school-aged children (Viljaranta et al., 2009). Kindergarten age refers to children between the ages
of four and six years, as most OECD countries provide early education services in this age group in
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the context of early childcare (OECD, 2021). So-called precursor skills in literacy and early math
skills among kindergarten-aged children are discussed in numerous studies as important
predictors regarding the children's later literacy and math skills and can therefore counteract
negative learning experiences (e.g.,, Duncan et al, 2007, Hohm et al, 2017, Lonnemann &
Hasselhorn, 2018; Puolakanaho et al., 2008). Other than obvious learning related domains, the
OECD Professionals Survey (Bader et al., 2019) has highlighted that social-emotional skills and
their promotion are highly valued by parents and professionals in childcare settings. 87 % of the
respondents stated that they consider the promotion of cooperation skills to be particularly
important, which even exceeds the assessment of the importance of language skills at around 83 %
(Bader et al., 2019). Professionals in the eight OECD countries participating in the survey report
having particularly frequent conversations with children about their emotions. Thus, the need for
early promotion of social-emotional competencies is extremely high, as, for example, positive
learning experiences support motivation to engage with learning content (Blewitt, et al., 2018;
Viljaranta et al., 2009).

Several other studies also emphasize the importance of basic cognitive skills and well-
developed working memory in context of preparation for elementary school, (e.g., by relieving the
available knowledge in learning and problem solving from working memory capacities, thus
creating resources for newly acquired knowledge) and therefore should be considered when
discussing early learning at kindergarten age (Faust et al., 2012; Hasselhorn & Grube, 2008). For
practical reasons, it can be a real challenge to incorporate all these developmental areas into an
educational design simultaneously and in a quality manner. A multifactorial orientation of early
education in day care centers can help to implement high quality pre-elementary education to
prepare for a successful transition to elementary school.

1.1. The Interrelationships of Learning Areas at Kindergarten Age

Various studies (including Gasteiger-Klicpera et al., 2006; Gold, 2018; Mahler et al., 2017; Reinelt et
al., 2019) illustrate that learning domains are mutually dependent regarding school learning
success, although the respective cause-effect relationships cannot be fully clarified (Schuchardt &
Kuhn, 2019). For example, Duncan et al. (2007) point out the importance of early school readiness
skills, such as prior knowledge, attention, social-emotional skills, and mathematical precursor
skills; they note that these precursor skills can have a lasting impact on later learning success with
respect to students' numeracy and literacy. Cognitive skills, such as working memory skills, have
also been found to be significant precursor skills for learning and school success (Bredel, 2016;
Hasselhorn & Grube, 2008; Marx, 2006; Marx & Keller, 2010; Schulze & Kuhl, 2019). Mihler et al.
(2017) illustrate the links between cognitive and social-emotional competencies in terms of
wellbeing and school success, while Reinelt et al. (2019) depict problematic externalizing behaviors
in early infancy or in kindergarten in relation to later poor school performance and reduced
success in forming relationships with others. Gasteiger-Klicpera et al. (2006) point to a link
between reading and spelling difficulties and behavioral difficulties, which may have a
corresponding negative impact on children's academic learning success.

Discussing the importance of the domains of literacy, numerical, cognitive, and social-
emotional competences lead to the question how to install high quality education in a daily routine
at childcare centers. In this context, Offer-Boljahn et al. (2019) applied the concept of cross-domain
support of developmental domains and list combined support programs that were suitable for the
preschool year and tested for their effectiveness. It could be mapped that in these combined
programs especially educational elements of social-emotional competencies (i.e., emotion
knowledge or prosocial behavior) was implemented in all six programs in combination with
academic learning content (e.g., language promotion, basic mathematical skills, and thinking
strategies). Despite the wide range of evidence on the impact of the discussed early domain-
specific competences, there is no current overview of the correlations in pre-primary education.
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1.2. Aims

Pre-primary education concerns more than just reading and writing. The results of the studies
discussed in the above underline the importance of literacy, numerical as well as socio-emotional
and cognitive education to support children in their learning at an early age. Prior knowledge can
contribute to the relief of working memory capacities to help successful information processing
and the expansion of knowledge. In addition, early linguistic competencies can lead to an
understanding of knowledge, and the formation of early social-emotional competencies can
contribute to the shaping of relationships and participation. Furthermore, these competencies
enable the recall of cognitive functions and thus shape social interaction in a sustainable way.
Thus, a systematic analysis on the actual interrelationships of the developmental areas of literacy
and mathematical, as well as social-emotional and cognitive competencies in kindergarten-aged
children is not yet available. The study examined the following question: How do the
developmental domains of literacy, numerical precursor skills, cognitive and socio-emotional
competences correlate at the age of four- to six-year-olds? Insights gained from this research could
yield important clues for the pedagogical practice of pre-primary education with a cross-domain
approach in the context of the transition to elementary school. This article presents the results of a
systematic literature search and tries to fill gaps in the research with the help of a meta-analytical
approach.

2. Method
2.1. Data Collection

Studies met inclusion criteria if (1) they included children aged 4 to 6 years as the OECD countries
apply pre-primary education at this age and most children can be reached for high-quality
educational means in childcare centers at this age; (2) at least two of the four domains of language
and mathematical precursor skills, social-emotional skills, and cognitive skills had to be
considered in relation to one another; (3) they assessed data from non-selective samples; (4) they
used a quantitative design; (4) they were available in German or English; and (5) they were
published in peer-reviewed scientific journals between January 2002 and December 2019 and were
retrievable. The time period was chosen because around the early 2000’s obligatory educational
plans for pre-primary education were published by committees in the OECD countries and a
corresponding thematization in the literature has been assumed.

To identify relevant studies, a systematic search was conducted using the Academic Search
Complete, ERIC, PsychARTICLES, PsychINFO, and PSYNDEX databases. This search involved
combining search terms that pertained to the topic area of interest. The combination of terms
included four search term groups related to preschool developmental domains (literacy: reading,
writing, literacy, linguistic, speech, phonological awareness, and listening; mathematics:
mathematics, numerical, numerous, counting, estimates, calculation, and mathematical ability;
social-emotional: emotion understanding, social-emotional, prosocial behavior, executive
functioning, self-regulation, social skills, externalizing, internalizing, and behavior; and cognition:
working memory, concentration, attention, and cognitive development). Two further groups of
search terms referred to the type of competencies (predictors: prediction, precursor, forecasting,
model, and projection) and the relationship to learning success (learning: academic achievement,
comprehension, successful learning, motivation, academic aptitude, and ability). The target group
was included in the combination of terms using relevant terms to describe the age group and
educational institution (i.e., preschool, kindergarten, school transition, primary/elementary school,
school age, school readiness, early childhood education, and preschool age). The process of data
selection is illustrated in Figure 1. All information was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline
(Liberati et al., 2009). The titles and abstracts of the hit set were screened and filtered using the
above criteria. The search yielded 653 hits, which were reduced to 572 after duplicates were
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removed by EBSCOhost. After reviewing the titles and abstracts, 359 publications were excluded
because they mostly addressed older age groups (k=79) or included differing variables of
development (k =149). Another k=126 studies included selective samples, e.g. children with
ADHD or specific diseases. A total of k = 4 studies did not refer to a quantitative study design and
k=1 study had not been readable due to language. The remaining k =213 manuscripts were
screened, and an additional k = 119 studies were excluded for similar reasons: A total of k = 35 did
not meet the age criterion, k = 46 included differing variables in their data selection, k = 21 studies
revealed selective samples and k =17 manuscripts were excluded because of differing criteria
regarding the respective study design. The systematic search ultimately identified 94 papers that
fit the criteria. The results of the literature search were reviewed by two independent experts to
check the study selection and to control the compliance with the inclusion and exclusion criteria. In
this way, it was checked that there was no reviewer bias.

Figure 1
Flow chart showing the results of the literature search

Literature search (k = 653)

Databases: Academic Search
Complete, ERIC, PsychARTICLES,
PsychINFO, PSYNDEX

Limits: English and German-language
articles only, Peer-reviewed

Search results after duplicates removed
(k=572)

Articl d on basis of title and
absgai: screened on basis of title an Excluded (k = 359)

wrong age-group: 79
different target variables: 149
no universal sample: 126

Included (k = 213) no quantitative study: 4
different publication language: 1

Manuskript review and application of
inclusion criteria

Excluded (k=119)

wrong age-group: 35
different target variables: 46
no universal sample: 21

no quantitative study: 17

Included (k = 94)

2.2. Data Analysis

According to Doring and Bortz (2016), the overall effect and the test of homogeneity of the total of
34 variables were formed. Subsequently, the effect size measure (A) was calculated to obtain a
consistent measure of effect size. This measure was then Z-transformed (Z), and the variance
within studies (v) as well as the weighting factors (») for the studies were calculated. The overall
effect size (Z) was then formed and tested for significance. These steps are necessary to account for
unequal effect sizes, study samples, and varying methodological quality across the studies of the
hit list by including weighted effect measures in the meta-analysis (Sedlmeier & Renkewitz, 2013).
For the final effect size the respective 95 % confidence interval and the correlation r were
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calculated. With the fixed-effects model, the variables are assumed to be homogeneous, which was
tested (Q).

The assignment of the variables concerning the executive functions was done according to the
three dimensions of working memory — the visuo-spatial notepad (VS), the phonological loop (PL),
and the central executive (EF) —according to Baddeley's (1986) model. This approach was chosen
because the identified studies of this work maintain a different terminology in the field of
executive functions, and no uniform use of the conceptualization is apparent. Therefore, the
assignment was made via the respective description of the measurement levels.

3. Results
3.1. Description of Publications

The 94 studies in the analysis included 271 tests of correlation. These were summarized in 40
pathways, which are compiled in Table 1. Six additional variables (i.e.,, parents’' numeracy
expectations, parent-child numeracy activities, parental education, feelings about school, home
learning environment, and classroom quality) were included alongside the core developmental
domains and tested for their associations because they showed practical relevance in the studies in
the hit list. The data are based on a total sample size of N =141,508 children (M =1.505;
SD =3.930) aged 5.2 years (SD =0.10 years). With a total distribution of 48.5 % male, 48.9 %
female, and 2.6 % no data, the sex ratio is balanced.

Of the studies, 59 % were conducted in the United States, 6.8 % were from Germany, 5.7 % from
Finland, and 4.6 % from the Netherlands. The remaining studies are distributed among Australia,
Belgium, Canada, China, Greece, Hong Kong, Israel, Spain, Switzerland, and the United Kingdom.
In the period from 2015 to 2019, 52.3 % of the studies were published; another 35.2 % were
published between 2010 and 2014, 12.5 % were published between 2005 and 2009. On average, four
correlations (SD = 2) were tested in each study; the maximum of tested correlations is 14, and the
minimum is one. The most frequent collection method is the test, with 62.7 % of all surveys; 19.2%
of the data were collected by teacher rating and16.6 % by parents rating, while 1.5 % of the
collection method is not specifically named.

Table 1
Results of the fixed-effect model of correlations

Variables k n r Z 95% CI

Working Memory and Learning Behaviors

Working Memory (WM) - LB 1 157 40 <0.05* 0.24 0.56

Executive functions (WM) - LB 2 18459 .60*** 12.171%** 0.49 0.71

Visuospatial sketchpad (WM) - LB 2 18459 30%* 3.75%** 0.14 0.46

Phonological loop (WM) - LB 3 34229 17+ 2.87** 0.05 0.29

Learning behaviors - Social competences 4 14.006 .57*** 8.29*** 0.51 0.82
3

Learning behaviors - Aggression 16.271 47 6.28%** 0.35 0.66

Working Memory (WM) - Numeracy 12 18196  .34*** 6.05%** 0.24 0.47
Executive functions (WM) - Numeracy 21 67.243 A48 14.26*** 0.45 0.59
Visuospatial sketchpad (WM) - Numeracy 27 32142  .42*%** 10.58%*** 0.37 0.53
Phonological loop (WM) - Numeracy 19 26.655 .23*** 4.62%** 0.13 0.32

Working Memory (WM) - Literacy 14 18120 .27%** 4.72%** 0.16 0.39
Executive functions (WM) - Literacy 27 50234  .38*** 10.39*** 0.32 0.47

Visuospatial sketchpad (WM) - Literacy 30 49.167 .23 6.36*** 0.16 0.31
Phonological loop (WM) - Literacy 25 28.697 .28%** 6.54*** 0.20 0.38
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Table 1 continued

Variables k n r Z 95% CI

Parents and Academic Achievement

Parents' numeracy expectations - Numeracy 2 149 .55** 2.5%* 0.13 1.00
Parent-child numeracy activities - Numeracy 2 149 44* 1.94% 0.00 0.95
Parental education - Numeracy 12 9.313  .39*** 6.90*** 0.30 0.53
Feelings about school - Numeracy 1 467 34* <0.05* 0.24 0.44
Parents' numeracy expectations - Literacy 2 149 34 1.46 0.00 0.83
Parental education - Literacy 11 9.146  .32%* 5.45%** 0.21 0.45
Feelings about school - Literacy 1 467 32% <0.05* 0.23 0.41
Home Learning Environment - Literacy 5 5868 .26 3.35%** 0.11 0.42
Parent-child numeracy activities - Literacy 3 270 22 1.20 0.00 0.60
Home Learning Environment - Numeracy 4 2618 .19* 1.89* -0.01 0.38
Literacy and Numeracy

Literacy - Numeracy 52 39.385 .65*** 20.77%** 0.59 0.71
Classroom quality - Literacy 2 1437  .53*** 4.25%** 0.32 0.86
Grammatical ability - Numeracy 3 279 49 2.84** 0.17 0.91
IQ - Numeracy 23 9.196 .44 9.29%*** 0.37 0.57
IQ - Literacy 21 7445 43 8.25%** 0.34 0.56
Grammatical ability - Literacy 3 279 42 2.35%* 0.07 0.82
Behavior and Academic Achievement

Hyperactivity /Inattention - Numeracy 7 17785  37*** 6.17%** 0.27 0.52
Hyperactivity /Inattention - Literacy 3 13710 .29** 3.54%** 0.13 0.47
Social-emotional skills - Numeracy 7 36440 .28 5.48*** 0.18 0.38
Social-emotional skills - Literacy 10 37.004 .25%** 5.23%** 0.16 0.35
Self-regulation - Numeracy 6 47.837 .23%* 4.65*** 0.13 0.32
Self-regulation - Literacy 7 47943  21% 4.32%** 0.11 0.30
Externalizing problem behaviors - Numeracy 4 40.644 .05 -0.98 0.00 0.05
Externalizing problem behaviors - Literacy 6 44238 .08 -1.73 0.00 0.01
Internalizing problem behaviors - Numeracy 3 40319 .04 -0.73 0.00 0.07
Internalizing problem behaviors - Literacy 4 40663 .03 -0.64 0.00 0.07

Note. Total sample size: k = 94, N = 141,508 (M = 1.505; SD = 3.930); k = total number of studies per variable,
n = total number of participants per variable, LB = learning behaviors; *** p <.001,**p <.01,*p <.05.

3.2. Working Memory and Learning Behaviors

Results are presented with correlation coefficient r. This is a measure of strength and direction of a
linear relationship of two variables. According to Cohen (1988) it is interpreted as small from 0.1,
as moderate from 0.3 and as large from 0.5. A total of eight comparisons were made in the areas of
working memory and learning behaviors (Table 1). The learning domains are related with a
medium correlation. A single study is represented in the work of Sasser et al. (2015), which forms
an overall score for working memory and enters the study with a moderate correlation: r = .40,
p <.05,95 % CI for r (0.24, 0.56). When looking at the individual facets of working memory, a more
heterogeneous picture of the results emerges. Phonological loop (r = .17, p <.01, 95 % CI for p [0.05,
0.29]) and visuospatial notepad (r = .30, p <.001, 95 % CI for r [0.14, 0.46]) are related with a small
to moderate correlation with learning behaviors. At r=.60, p <.001, 95% CI for r (0.49, 0.71),
executive functions are related to learning behaviors with a large correlation. The relationship
between social skills and learning behaviors was examined by k =4 studies and showed a large
relationship overall (r=.57, p <.001, 95 % CI for r [0.51, 0.82]). Between learning behaviors and
aggressive behaviors, k = 3 papers identify a moderate relationship (r = .47, p <.001, 95 % CI for r
[0.35, 0.66]). The three dimensions of working memory (EF, VS, PL) were examined most
frequently across the hit list in terms of their associations with both mathematical precursor skills
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(k =78) and literacy (k = 95). Considered together, all identified correlations fall within the range
of moderate correlations. Executive functions achieved the strongest correlations in each of the two
skill areas: r = .48, p <.001, 95 % CI for r (0.45, 0.59) and r = .38, p <.001, 95% CI for r (0.32, 0.47).
The visual-spatial notepad has a moderate correlation with mathematical precursor skills: » = .42,
p <.001, 95 % CI for r (0.37, 0.53). In contrast, the correlation of working memory with literacy is
small: » = .23, p <.001, 95 % CI for r (0.16, 0.31). The phonological loop has a small correlation with
respect to both skill areas: r = .23, p <.001, 95 % CI for r (0.13, 0.32) and r = .28, p <.001, 95 % CI for
r (0.20, 0.38). Compared to the results regarding learning behaviors, the correlations with
antecedent competencies in math skills and literacy are lower, with small correlations.

3.3. Parents and Academic Achievement

Parental expectation of the child's mathematical skills is largely related to the child's surveyed
mathematical skills (k=2, r=.55, p <.01, 95 % CI for r [0.13, 1.00], whereas these expectations are
not significantly related to literacy skills. Activities between the parent and child, e.g., counting
together or playing counting games together in daily life, are moderately related to mathematical
antecedent skills (k=2, r=.44, p <.05, 95 % CI for r [0.00, 0.95]). The relationship to the literacy
learning domain is not statistically relevant. Parental education is related to both learning domains
of literacy and math prerequisite skills with moderate correlations of » =.39 (k =12, p <.001, 95 %
CI for r [0.30, 0.53] and r =.32 (k=11, p <.001, 95 % CI for r [0.21, 0.45]). The variable of feelings
about school is related to mathematical precursor skills with a moderate correlation (r = .34, k=1,
p <.05,95 % CI for r [0.24, 0.44]). In relation to literacy, this relationship is slightly smaller, but still
interpreted as a moderate correlation (k =1, r = .32, p <.05, 95 % CI for r [0.23, 0.41]).

3.4. Literacy and Numeracy

The developmental domains of literacy and math antecedent skills were examined with k=52
studies and achieved a large correlation: r=.65, p <.001, 95 % CI for r (0.59, 0.71). With k=2
papers, the relationship between classroom quality and literacy (r = .53, p <.001, 95 % CI for r [0.32,
0.86]) was examined, and a large correlation was found. Regarding grammatical ability and the
developmental domains of mathematical precursor skills and literacy, moderate correlations were
found in each k=3, r = .49, p < .01, 95 % CI for r (0.17, 0.91) and r = .42, p < .01, 95 % CI for r (0.07,
0.82). IQ was considered in relation to antecedent competencies in mathematics (k =23, r = 44,
p <.001, 95 % CI for r [0.37, 0.57]) and literacy (k =21, r = 43, p <.001, 95 % CI for r [0.34, 0.56]),
depicting a moderate correlation in both cases.

3.5. Behavior and Academic Achievement

Regarding the correlation tests, behaviorally relevant variables and the learning domains of
mathematical precursor skills and literacy were examined with the largest samples shown here
(n =366,583). The correlations found are small to moderate. Hyperactivity and inattention have a
small correlation with preschool mathematical precursor skills: » = .37 (k=7, p <.001, 95 % CI for r
[0.27, 0.52]). In contrast, language skills have a smaller correlation: »r =.29 (k=3, p <.001, 95 % CI
for r [0.13, 0.47]). Social-emotional competencies and the developmental domains of mathematical
precursor skills and literacy are related with a small to moderate correlation (k =7, r = .28, p <.001,
95 % CI for r [0.18, 0.38] and k=10, r=.25, p <.001, 95 % CI for r [0.16, 0.35]). As part of the
executive functions, which were mapped separately in the studies, the relationship between self-
regulation and literacy and mathematical antecedent skills is estimated to be small (k=6, r=.23,
p <.001, 95 % CI for r [0.13, 0.32] and k=7, r=.21, p <.001, 95 % CI for r [0.11, 0.30]). There is no
statistically relevant relationship between externalizing and internalizing problem behaviors with
respect to the literacy and mathematical precursor skills learning domains.
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4. Discussion and Conclusion

The meta-analytic summary of the international study results shows a large correlation between
the competence areas of literacy and the mathematical precursor competencies, with r = .65. These
variables can also be seen in the study results of Duncan et al. (2007) as important predictors for
the later learning success of kindergarten-aged children. It is also obvious that the early learning
areas are of high importance regarding learning, especially as they represent the central cultural
techniques of early school education. Therefore, they are listed and considered in educational
curricula and support measures in early childhood, as the assessment of curricula in OECD
countries makes clear (OECD, 2021). Here, language learning content is specified and tracked in
98 % of existing education plans. Mathematical precursor competencies are listed in 93 % of the
curricula. In these, literacy competencies are rated as especially important by educational
professionals (Bader et al., 2019). Mathematical precursor competencies, in contrast, are rated less
significant or are less represented in educational curricula (OECD, 2021). However, the results of
the present work suggest that these learning areas should be considered equally important and
considered in the realization of support services, as they are also highly significant in terms of
learning success for school careers (Mahler et al., 2017). Kleemans et al. (2011) see the need for
grammatical skills in preparation for linguistic skills as well as early mathematical skills. Similar to
the results presented by Offer-Boljahn et al. (2019), two remedial programs could be found that,
included both language and mathematical precursor competencies in their curricula. After
implementation of the KiDZ program, the competency profiles of the sample expanded in the
intervention study (Rossbach et al.,, 2010). Another important area is working memory. With
correlations between r = .17 and r = .60, executive functions, verbal WM, and visuo-spatial WM are
significant factors that influence the development of written language and mathematical
competencies as well as learning behaviors. Following the meta-analysis of Peijnenborgh et al.
(2015), there is reason to believe that WM can be improved by appropriate school-based training,
with small to medium effect sizes (g = 0.36 to 0.63). The Tools of the Mind program (Blair & Raver,
2014), which is also listed in the review paper by Offer-Boljahn et al. (2019), enhances working
memory as early as kindergarten age.

The variable concerning learning behaviors is strongly related to social skills, with r=.57.
Neuenschwander et al. (2012) describe executive functions as abilities that enable learning despite
fatigue, distraction, or low motivation in children. Nguyen and Duncan (2018) report a statistically
significant relationship between executive functions and learning behavior (r = .79, p <.001). They
blame content overlap of the inhibitory control and learning behavior variables for the large
association and therefore believe further research using multidimensional survey methods is
necessary. Sasser et al. (2015) consider executive functions to be fundamental in establishing
learning behaviors. They further state that the dimensions of learning behaviors—such as
motivation, cooperation, attention, and persistence —support work in social contact, social
participation, and positive play experiences. Thus, social skills and learning behaviors make an
important contribution to a child's success in school, i.e., learning to read and facilitate acting on
instruction in elementary school mathematics classrooms (Sasser et al., 2015). Accordingly, well-
developed learning behaviors can strengthen social interaction by providing positive play
experiences and establishing and maintaining positive relationships with peers. Similar to the
review of Hagarty and Morgan (2020), some evidence for improving the social skills of children
and adolescents with learning disabilities is also found for interventions based on social-emotional
learning (SEL) theory. In their longitudinal study with a randomized experimental-control group
design (n =1,634), McCormick et al. (2019) examined the effects of SEL over a five-year period. The
authors provide evidence of the significant effect of SEL on the need for special education needs
assignments (i.e., students who participated in SEL showed a lower rate of special education
needs). SEL can therefore be seen as an important field of action in instructional and support
planning for learning difficulties. The present results do not point to a direct connection between
internalizing or externalizing behavior and literacy or mathematical precursor competencies. It can
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therefore be assumed that problems do not initially lead to deficient development, but deficient
developmental trajectories can lead to problems. Gasteiger-Klicpera et al. (2006) come to a similar
conclusion in the context of behavioral problems and reading alongside with spelling difficulties.
Morgan et al. (2018) state that cognitive flexibility, as part of executive functions, has a particularly
strong effect. They consider it to be responsible for the regulation of undesirable behaviors in
group contexts, as well as inattention. Nevertheless, cognitive flexibility can be useful for blocking
out irrelevant information and following instructions, thus facilitating learning in the domains of
mathematics and literacy. Miller-Cotto and Byrnes (2019) also suggest that working memory
performance and domain-specific skills reinforce each other. Higher performance in the math or
literacy skill domains leads to higher working memory performance, which in turn enables higher
cognitive processing of new content in the domains. Simultaneously, learning behaviors and
aggressive behaviors were collected in the analysis and showed a moderate correlation. Based on
parental perceptions of stress, it negatively affects children's learning behaviors and thus leads to
negative or undesirable behaviors in a group context, according to Smith-Adcock et al. (2019),
which Sasser et al. (2015) also found. In their study, Hassinger-Das et al. (2014) evaluated the
relationship of Hyperactivity and inattention in correlation to mathematical and linguistic
precursor skills finding out, that low attention may lead to learning delays in early school age. It is
evident that maladaptive behavior is often undesired in learning contexts and interferes with
learning, whether through the lack of attentiveness or through increased potentially negative
awareness by teachers.

Segers et al. (2015) state that the relationship with the child's competency profile is not an
outlook on learning development. Nevertheless, the relationship is significant since it is important
with respect to the home environment, as positive influences on learning development may be at
work here (Ferretti & Bub, 2017). Parents' learning activities with their children have a small to
moderate relationship with their children's ability profiles. With correlations ranging from r = .19
to .55, the home environment, parental expectations of the child, parental educational level, and
active practice and operation with numbers between parent and child are low in their influence on
the child's kindergarten-aged ability profile. These results highlight the significance of the
educational mission of the pedagogical care facility with its resource of pedagogical specialists.
With r=.53, they can already positively support learning with the help of good classroom
management. According to the results of Wustmann Seiler et al. (2017), good spatial and material
equipment of the childcare facility and a high quality of interaction can also have a positive effect
on children's behavior and dampen any family risk conditions. In terms of support opportunities,
the childcare facility therefore offers a viable setting, particularly regarding the promotion of
executive functions and learning behavior as well as social skills, which the home environment is
less able to provide in this way.

5. Limitations and Implications

The individual correlation checks shown here are only thinly represented, which is due to the
small number of studies found and to the widely varying sample sizes. In the composition of the
search term combination, children, educational professionals, and parents were included.
However, the term section on peer group behavior is missing, which may represent another
component in the development of competencies, especially regarding SEL.

Fortunately, the competency profiles in the included studies regarding the learning domains of
literacy and mathematics precursor competencies could be established using proximal elicitation
methods. To further extend the competencies of school learning, school performance could have
been another dimension of children's competencies and learning success. However, these were not
included in the included studies, which may be due to the age of the children. Performance
assessments in the form of grades have not yet been introduced internationally in the age group.

Regarding the terminology, in some cases, strongly different conceptualizations appear in the
international comparison. For example, working memory as part of the executive functions has not
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always been clearly identified as such internationally. This is due to the different references to the
conceptualizations. The use of the conceptualizations alone does not represent an identical
interpretation of them and must be thoroughly examined to avoid ambiguities and confusions.
Here, a fundamental clarification is needed against the background that internationally
transferable terms and concepts cannot be confused with a country-specific reference model. Thus,
the variable of self-regulation is also listed as an individual one in the present results, although it is
counted among the executive functions. Therefore, this variable was listed under the behavioral
contextual tests.

For the area of early language development, the term literacy was chosen. The individual facets
of this term must be traced in the studies in the hit list. A higher operationalization of this learning
area meant a disproportionate reduction in the number of cases, which would not have been
conducive to the research question of this paper.

Do parents matter? Are they the ones who make the difference in the child's learning success?
The results of the meta-analysis have shown that executive functions have an important influence
on the learning behavior of children of kindergarten age and can also support the formation of
social skills. This finding is highly relevant for practical work in pre-elementary education, as this
content, coupled with language and mathematical educational goals, should be specifically
included, and focused on in educational programs. Therefore, the results emphasize the
importance of the day care center as an educational institution. Competencies of executive
functions should be disseminated by trained professionals, as the individual home environment
cannot offer this kind of support.
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