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Abstract: Children’s early numerical competencies are of great importance for later academic achieve-
ment. Young children gain these competencies in the context of the home numeracy environment
(HNE). Additionally, child characteristics and families’ socioeconomic status (SES) are associated
with children’s competencies. In this study, we investigated parents’ occupations (i.e., STEM or
non-STEM occupation) as a specific aspect of the SES to understand whether parental occupations
are associated with children’s numerical competencies and whether such an association may depend
on the HNE. We analysed data from a sample of N = 190 children (Mage = 63.58 months; SD = 4.41)
at two measurement points. Correlational analyses and crossed-lagged models were conducted to
predict children’s numerical competencies by a global measure of the HNE and parental STEM vs.
non-STEM occupations. We found significant associations between parents’ learned and current
occupations and the HNE. Further, significant associations between parents’ learned occupations and
children’s numerical competencies were observed. However, parents’ current occupations were not
significantly associated with children’s numerical competencies. Consequently, more specific facets
of the SES instead of a global measure seem to be associated with children’s numerical competencies.
A greater focus on specific differences between family characteristics and their potential impact on
children’s HNE and the development of their numerical competencies seems expedient.

Keywords: STEM; parental occupations; home numeracy environment (HNE); children’s numerical
competencies; socioeconomic status (SES)

1. Introduction
1.1. Family’s Socioeconomic Status and Children’s Early Numerical Competencies

In the context of early child development, many studies consider the socioeconomic
status (SES) of a family to be a key aspect [1]. Most of the research on SES-based disparities
in children’s early academic skills and development focuses on literacy and language
skills [2]. In comparison, numerical competencies, such as the comparison of numbers, the
knowledge about counting principles and cardinality, and solving arithmetic problems,
have not been the focus of many studies [1], despite being of great importance for later
school achievement [3]. When children start school with lower numerical competencies,
these school-readiness disparities often persist, which shows the fundamental role of early
numerical competencies for children’s later advanced mathematical skills [4,5].

Several studies indicate that individual child characteristics and later school achieve-
ment are associated with families’ SES [1,6,7]. For instance, poverty and low parental
education seem to be associated with children’s poor outcome scores, whereas parents
with higher income and education often provide a higher-quality learning environments
by having more conversations with their children, being more responsive, and providing
more teaching experiences, all of which leads to better child performance [1,8,9].

Here, the SES can be conceptualized as a multidimensional construct that acts as
an indicator of a family’s economic and social resources. SES is mostly measured with
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three objective parental factors: income, occupation, and education [10]. In addition,
neighbourhood, social standing, and prestige are often considered as SES estimates as
well [1,10].

Studies showed that differences in children’s early numeracy competencies depend
partly on their SES background and that such differences are found even for very spe-
cific mathematical abilities, such as number sense or spatial skills [6,11]. Starkey, Klein,
and Wakeley [12] reported significantly greater mathematical abilities in children from
a middle-income family when compared to a lower-income family group in 10 out of
16 tasks assessing mathematical knowledge (e.g., ordering, comparing numbers, addition
or subtraction). Jordan, Kaplan, Locuniak, and Ramineni [13] examined children’s basic
number skills and mathematical achievement during kindergarten and first grade and
showed that these seem to be associated with SES, with children from a higher income
group achieving better outcomes than children from low-SES families.

Most studies consider a global SES construct in their analyses [1,14,15]. However, in
their review, Elliott et al. [1] discussed specific aspects of SES, such as parental educational
attainment, education, occupation, or income, as mediating factors for children’s numerical
achievement and development. They pointed out that it would be useful to take a closer
look at individual aspects of SES and not only to examine SES as a global construct to be
able to establish more specific connections with child outcomes [1].

1.2. Parental Occupation and Other Aspects of Socioeconomic Status

In recent years, several studies focussed on the role that parents play in children’s
development of numerical competencies [16–18]. Here, studies differ in their usage of
various SES measures [10,19], and the most common aspects (i.e., parental occupation,
education, and income) seem to be highly correlated [20,21].

Parental occupation and education seem to be important factors for students’ mathe-
matical achievement [18,22,23]. For instance, Omolade, Kassim, and Modupe [23] showed
that parental education was the best predictor of students’ achievement, followed by
parental occupation and motivation.

Within data from the PISA study in 2012, the OECD established an association be-
tween parental occupations, students’ mathematical performance, and their learning [22].
Students whose parents had professional occupations outperformed students whose par-
ents worked in elementary occupations in mathematics. Chi et al. [24] found similar
results for students’ scientific competencies. Here, both mothers’ and fathers’ occupations
were significantly linked to children’s scientific competencies. Differences between moth-
ers’ and fathers’ socioeconomic characteristics and children’s mathematical outcomes or
achievement have been considered in only a few studies so far [14,24–27].

The association between parental occupation and education and children’s mathemat-
ical achievement was also affirmed in longitudinal data. For instance, Shoraka et al. [18]
used data from the Longitudinal Study of American Youth to examine the direct effect
of parental education and occupation in STEM fields on students’ achievement gap in
mathematics. As in the OECD report [22], students with at least one parent who was
working in a professional occupation achieved higher mathematics scores compared to
students whose parents were not working in professional occupations while controlling
for students’ gender and parents’ education. Moreover, especially for parents working in
STEM fields, a positive effect on students’ mathematical achievement was found.

Only a few studies addressed the differentiation of parental STEM vs. non-STEM occu-
pations and the interrelation with children’s mathematical competencies [17,18,28]. In most
cases, this relationship was examined with high-school students’ competencies and their
career aspirations, rather than with early numeracy development [17]. Plasman et al. [17]
provided a detailed overview that shows a positive effect of parents’ STEM occupations on
students’ mathematical achievement.

Our study analyses the differences in parents’ learned and current STEM or non-STEM
occupations. Parents’ learned occupations (German term: erlernter Beruf) are referred to as
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the professions that parents have learned and the skills that were gained in the course of
training or studies. Parents’ current occupations refer to the professions that parents cur-
rently are working in, which they do not necessarily have to have learned. This distinction
relies on previous reports that point out that, in Germany [29], in the year of 2005, 52% of
the individuals working in the STEM field had actually been trained as STEM professionals,
but 36% of the people working in STEM-related occupations were not specialised in STEM.
Consequently, several people working in STEM professions have not learned STEM-related
subjects or gained specific skills through training. These figures underline the need for
a differentiation between the learned and current occupations of parents. It can be as-
sumed that parents’ mathematical interactions with their children will vary depending on
parents’ own experiences, attitudes, and beliefs [30]. As parents’ experiences are closely
associated with both their occupational training and their current occupation, it is very
likely that parents’ occupations will impact children’s numerical competencies through
such mathematical interactions at home [1,17]. Consequently, parental occupation and the
differentiation between learned and current occupation as specific aspects of the SES may
be promising predictors of children’s early numeracy development.

1.3. Home Numeracy Environment

During early childhood, a child’s individual development is predicted by different
aspects of their learning environment, such as kindergarten education [31], and the ex-
periences that they make in the context of their family, which are summed up in the
home learning environment [3,32]. According to Bronfenbrenner’s ecological theory [33],
proximal aspects in children’s environment, such as direct parent–child interactions, are
important for the development of children’s competencies. Similarly, Vygotski’s [34] idea
of learning in social contexts highlights the importance of children’s experiences in their
homes and of family characteristics, such as parental SES.

Experiences in the early years are not only important for the development of general
knowledge, but also for developing domain-specific competencies [31]. In recent years,
several studies [4,13,14,35,36] reported that children’s early numerical skills predict later
mathematical skills [4,37]. Here, one of the predictors of early mathematical and numerical
abilities is the home numeracy environment (HNE) [5,38]. The HNE can be defined as all
of the aspects in the family that support children’s early mathematical learning, such as the
frequency and quality of mathematical parent–child interactions, mathematical resources at
home (e.g., books with numbers), and parental attitudes towards mathematics and teaching
mathematics at home.

The HNE, especially in terms of mathematical activities and support at home, can be
differentiated into formal and informal aspects. LeFevre et al. [39] described formal aspects
as using number books and practicing number skills. These aspects are defined through
active engagement of parents in numeracy with the goal of teaching their children about
mathematics. On the other hand, informal aspects include the frequency of mathematical
games and applications in everyday life that incidentally support children’s numeracy
competencies [39]. For example, parents who play dice games with their children more
frequently provide them with opportunities to learn numerical content, such as counting or
adding, as well as number symbols and number words, in an environment that is fun and
leads to greater motivation [40,41]. Both aspects of the HNE seem to support children’s
mathematical competencies [1,39,42].

For German-speaking countries, only a few studies examined the construct
of the learning environment at home and its impact on children’s domain-specific
development [3,32,37,38,43]. Anders et al. [32] showed that mathematical competencies at
age three are significantly predicted by the home literacy as well as the home numeracy
environment. Further, Niklas and Schneider [37] found the HNE to be a reliable predictor
of early initial mathematical abilities and children’s further development and competen-
cies, even after controlling for several variables, such as SES, intelligence, and linguistic
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variables. These results are similar to those presented by LeFevre et al. [39], who also found
significant correlations between the HNE and numerical competencies of children.

The HNE was investigated by several researchers as a predictor of numerical skills
in its association with the SES [1,15]. Saxe et al. [44] were some of the first researchers to
empirically investigate parents’ numerical practices in the context of varying SES. In their
study, they found only minimal differences for the frequency of home learning activities
that parents provided to their 2- and 4-year old children. However, higher levels of parental
education were associated with greater engagement in more qualitative activities. Further,
parents with a high SES reported including numerical activities in everyday life more often
than other parents, albeit parents with a low SES engaged more often in formal schoolwork
to improve mathematical skills directly [41].

In summary, evidence suggests that parental SES seems to be associated with parent–
child interactions and, thus, the home learning environment and the HNE, which, in turn,
are connected to children’s mathematical learning [1].

1.4. Early Development of Numerical Competencies in the Home

Different studies show that early numerical competencies, such as knowledge about
numbers and quantities, are important predictors for later mathematical achievements [13,45].
Children who are better with counting, matching specific amounts of objects to numbers,
or identifying more number symbols earlier than other children in their development [4]
“also do better in mathematics later at school” [37] (p. 330).

Sarama and Clements [46] identified different important domains of numerical abili-
ties. Here, numeracy skills can be described as a variety of number-based skills, including
solving arithmetic problems, comparing numbers, and knowledge of counting principles
and cardinality [4,35].

Despite children’s innate mathematical abilities [4], they develop and learn further
mathematical competencies through interaction with their environment, and thus with
people, objects, and events. Different opportunities (e.g., interacting, playing, discussing)
can support their learning about numbers or may even engage them in advanced numerical
thinking [38].

Various studies [39,47,48] examined children’s performance in relation to mathemati-
cal activities that they experience at home or to their parents’ characteristics. For instance,
LeFevre and colleagues [39] analysed the associations between the frequency of mathemat-
ical parent–child activities, parental expectations and attitudes towards mathematics, and
children’s early mathematical learning. Here, mathematical activities predicted children’s
mathematical fluency significantly. Similarly, Kleemans et al. [47] showed that later mathe-
matical achievement of children was associated with numeracy activities between parents
and children. The more frequent such activities are, the better children’s early numeracy
skills, such as mathematical knowledge and fluency, will be.

Therefore both parent–child activities, such as playing, reading, painting, or visiting a
library, and the social characteristics of parents, such as the SES and, thus, their education,
their income, and their occupation, have a great impact on the development of children’s
early mathematical skills [39,49].

1.5. The Present Study

Although the impact of parents’ occupation on students’ mathematical and STEM
achievements has been explored in several studies, most of these studies focused on late
childhood and adolescents [16,22,24,27]. Assuming that parents act as socio-cultural agents
and influence their children’s development, we expect that the expertise that arises from a
scientifically based profession should have a specific impact on the development of the
mathematical competences of young children.

Accordingly, we tested the following hypotheses:
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(1) We hypothesize that parents’ learned STEM vs. non-STEM occupations are associated
with the HNE and with children’s numerical competencies. Here, the HNE acts
as a mediator.

a We hypothesize that parents’ learned STEM vs. non-STEM occupations are
associated with the HNE.

b We further expect an association between parents’ learned STEM vs. non-STEM
occupations and children’s numerical competencies.

(2) We further expect a similar interrelation between parents’ current STEM vs. non-STEM
occupation, with the families’ HNE as a mediator, and children’s numerical competencies.

a Here, we expect, similarly to H1a, an association between parents’ current STEM
vs. non-STEM occupation and the HNE.

b Additionally, we also hypothesize an association for parents’ current STEM vs.
non-STEM occupation and children’s numerical competencies.

To our knowledge, this is the first study with young children that differentiates
parental occupations into learned and current STEM vs. non-STEM occupations to test
their associations with the HNE and child outcomes.

2. Materials and Methods
2.1. Sample and Procedure

We analysed data from two measurement points (t1 and t2) from the first cohort of
the EU-funded, 5-year longitudinal study “Learning4Kids” conducted in Germany [50].
There was a period of five and a half months between the first and the second assessments.
The sample comprised N = 190 children, including 98 girls and 92 boys, with an average
age of M = 63.58 months at t1 (SD = 4.41). The assessments were carried out by trained
psychologists, educators, and research assistants and included standardized mathematical
tests to assess children’s numerical competencies. Further, parents were asked to fill out
written surveys about the HNE, the family background, the children’s characteristics, their
learned and current occupations. In total, 64.2% of the families spoke German as their main
language, and the parental surveys were provided in several languages to the families who
did not have German as their first language.

Before the beginning of the assessments, families were contacted and informal consent
was obtained through kindergartens, public places, and a professional company for study
recruitment. Afterwards, formal consent was obtained at the first family visit from the par-
ents of children in the penultimate year of kindergarten. The child and parent assessments
took place at families’ homes. Ethical approval for all research activities was acquired by
the European Research Council Executive Agency, as well as the ethics committee of the
Faculty of Psychology and Educational Sciences at LMU Munich.

2.2. Measures
2.2.1. Children’s Numerical Competencies

Children’s numerical competencies were assessed with different tests. Here, the
“Mathematik- und Rechenkonzepte im Vorschulalter-Screening” (MARKO-S) [51] that
included 21 items, an adapted version of the calculation subtest of the “Test mathematischer
Basiskompetenzen im Kindergartenalter” [52] comprising addition and subtraction (R,
eight items), and several subtests from the “Würzburger Vorschultest” [53] assessing
number sequences forward (Zfv, eight items), number sequences backwards (Zfr, six items),
number symbol knowledge (Zk, eight items), and knowledge of numerical representations
(VuN, eight items) were used (Cronbach’s α between 0.70 and 0.87). The items of each
subtest were summarized into one scale for each measurement point. Finally, children’s
numerical competencies were measured with a latent variable for each measurement point
(NumC t1 and NumC t2), including all numerical subtest scales.
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2.2.2. Home Numeracy Environment

The global HNE was measured as a latent variable consisting of a combination of
the formal and informal HNE. The formal HNE comprised five items and the informal
comprised ten items (Cronbach’s α: 0.80 and 0.75).

Parents were asked about the formal and informal learning environments that they
provided for their children. For example, this included questions about the engagement
in everyday mathematical activities (e.g., “How often do you talk with your child about
measurements (e.g., weight, temperature, or speed)?”) or teaching of mathematical concepts
(e.g., “At home, I often explain to my child how to split apples for people or cakes in pieces”).
This assessment was adapted from a survey used by Niklas et al. [54]. Parents rated the
HNE items on a 5-point Likert scale (e.g., several times a week to never, or does not apply
at all to does apply exactly). Values of 4 to 0 were assigned accordingly, with higher values
indicating a higher-quality HNE, and the mean was used for the analyses.

2.2.3. Parental Occupations and Their Allocation to STEM

Further, parents were asked about their learned and current occupations with a sur-
vey. The answers were categorized into occupations involving a STEM background or
non-STEM background based on the “Aggregatbestimmung MINT-Berufe” and “Aggre-
gatbestimmung Ingenieurberufe”, which are based on the “Klassifikation der Berufe von
2010 (KldB)” of the Job Agency of Germany [55,56]. The coding was done independently
by two coders. The intercoder reliability for the mothers’ learned occupation was Cohen’s
K = 0.98, and for the current occupation, it was Cohen’s K = 0.89. The intercoder reliability
for the fathers’ learned occupation was Cohen’s K = 0.96, and for the current occupation, it
was Cohen’s K = 0.94. All discrepancies were discussed and solved in agreement. If one or
two parents of the child had a STEM background, the occupational background was coded
with 1 = STEM. In case neither the mother nor the father had a STEM background, this
was coded as 0 = non-STEM. For our analyses, the current and the learned occupational
backgrounds (STEM vs. non-STEM) were used, and there were almost no reported occu-
pational changes in the current parental occupations between t1 and t2 (at least none that
would have changed the STEM status). All families from whom information about at least
one parental occupation was available were included in the analytic sample. Consequently,
only participants for whom there was no information about the occupation for either the
mother or the father were excluded.

All descriptive data and the sample sizes for all variables are shown in Table 1.

Table 1. Descriptive statistics of the study variables (sample sizes, means, standard deviations,
minima, and maxima).

Variables N M SD Min Max

HNE_t1 190 2.70 0.71 0.35 3.85
HNE_t2 186 2.87 0.57 1.01 3.95

NumC_t1 190 26.70 12.50 0.00 61.00
NumC_t2 188 36.20 12.80 9.00 61.00

Learned Occupation 181 0.55 0.49 0.00 1.00
Current Occupation 164 0.44 0.49 0.00 1.00

Note: HNE = Home numeracy environment; NumC = Numerical competencies; Learned occupation (0 = non-STEM,
1 = STEM); Current occupation (0 = non-STEM, 1 = STEM).

2.3. Analytical Approach

All analyses were conducted using SPSS 26 [57] and MPlus 8.6 [58]. Altogether, 9 cases
out of the total number of child–parent dyads (N = 190) had to be excluded from analyses
of the learned occupation and 26 cases had to be excluded from analyses of the current
occupation. The main reasons for the exclusion were missing values of the occupational
variables and a drop-out of two families at the second measurement point, as well as only
partially completed parental surveys and missing test scores of a few children.
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Considering the incomplete variables of children’s assessments, the percentage of
missing values ranged between 0.5% (n = 1) and 1.6% (n = 3). For the items of the parental
survey, the range of the missing values was between 0.5% (n = 1) and 4.2% (n = 8). There
were more missing values for the occupational variables of mothers and fathers (from 8.9%
(n = 17) for mothers’ and fathers’ learned occupations to 22.6% (n = 43) for mothers’ and
21.6% (n = 41) for fathers’ current occupations). The percentages of missing values for
occupational background in a family were 4.7 % (n = 9) for the learned occupation and
13.7% (n = 26) for the current occupation.

To address the problem of missing values, maximum likelihood estimations with
robust standard errors (MLR) were used for all models [59]. This led to a final sample
of N = 181 for the analysis of the learned occupation and N = 164 for the analysis of the
current occupation.

To test whether the drop-out was biased, independent t-tests were conducted for
our study variables (HNE, NumC, SES, and migration background). We examined the
differences between the excluded cases and all other cases of our dataset for the analyses
of both the learned and current occupations.

The results showed that the excluded cases of the learned occupation dataset differed
significantly in children’s numerical competencies at t1 (t (188) = 2.332, p = 0.021) and t2
(t (186) = 2.091, p = 0.038), the SES (t (185) = 5.550, p < 0.001), and the migration background
(t (180,000) = −15.770, p < 0.001). Here, the children who were not included in the analyses
showed lower numeracy abilities at t1 (M = 17.33, SD = 11.29) and t2 (M = 13.88, SD = 4.63),
had a lower SES (M = −1.74, SD = 0.80), and were more likely to have a migration
background. No significant differences were found for HNE.

For the current occupation, the excluded cases only differed significantly from the
remainder of the sample concerning the SES (t (185) = 2.952, p = 0.004) and the migration
background (t (32,362) = −2.643, p = 0.013). Consequently, the drop-out in our sample was
biased and needs to be considered as a limitation of our study.

First, the measurement models will be described. In the next step, we analysed the
correlations (Pearson’s r) between all study variables. Finally, crossed–lagged models were
used with the final dataset and are described in detail below.

2.4. Measurement Model and Statistical Model Analysis

To test the relationships between the learned and current occupations, the HNE, and
the numerical competencies of the children, we developed two different models (for learned
and for current occupations). Here, learned and current occupations were introduced as
manifest predictor variables, and the HNE was introduced as a latent variable comprising
the formal and informal HNE. Similarly, the numerical competencies of the children
(NumC) were assessed with the numerical tests and then combined in a latent variable.

Before testing the two final statistical models, we first assessed the fit of the mea-
surement models for the four latent variables through confirmatory factor analysis (CFA).
Second, we evaluated how well the statistical model fit the data [58]. To evaluate the fit of
the measurement models and the statistical model, the Chi-square goodness-of-fit statistic
and additional fit indices (the root mean square error of approximation (RMSEA), the
comparative fit index (CFI), and the standardized root mean squared residuals (SRMR))
were used. The following values, which indicate good model fit between the hypothesized
model and the observed data, were considered to assess the model fit: Chi square p ≥ 0.05,
CFI ≥ 0.95, RMSEA ≤ 0.06, and SRMR ≤ 0.08 [60].

Modification indices were considered to improve the model fit; however, only modifi-
cations aligning with theory were applied. We added the highest modification indices one
after another to the model to examine the changes in the fit values after each change. This
process continued until a sufficient model fit was achieved [61]. All applied modifications
are described in our section on the results.
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3. Results
3.1. Measurement Models of Numerical Competence and the HNE

In the first step, the fit of the measurement models for numerical competence at t1
and t2 (NumC t1, NumC t2), including six variables each, and the HNE consisting of the
formal and informal HNE, including five and ten items each, was evaluated using a CFA
(see Table 2).

Table 2. Chi-square test (X2, df, p), confirmatory fit index (CFI), root mean square error of approxima-
tion (RMSEA), and standardized root mean square residual (SRMR) for the measurement models of
children’s numerical competencies and HNE at t1 and t2.

X2 df p CFI RMSEA SRMR

Numerical Competence t1 3.933 8 0.86 1 0.00 0.01
Numerical Competence t2 10.578 8 0.22 0.99 0.04 0.01

HNE formal t1 7.853 5 0.16 0.98 0.05 0.03
HNE formal t2 7.088 5 0.21 0.98 0.04 0.03

HNE informal t1 33.970 29 0.24 0.99 0.03 0.04
HNE informal t2 63.196 29 0.00 0.93 0.08 0.06

Note. The fit criteria for all measurement models and statistical models were Chi square p ≥ 0.05, CFI ≥ 0.95,
RMSEA ≤ 0.06, and SRMR ≤ 0.08.

The latent variables of the children’s numerical competencies comprised the standard-
ized numeracy tests of each measurement point. MPlus’ modification indices suggested to
add a correlation for the tests calculation task with MARKO-S, and such a correlation was
included in our model for t1 and t2, as both tests focussed on children’s calculation abilities.

The latent variables (see Figure 1) of the HNE were defined by the formal (five items)
and informal HNE (ten items) of each measurement point. At both measurement points,
MPlus’ modification indices recommended to correlate items two with three, five with
six, five with seven, six with seven, eight with ten, and nine with ten for the informal
HNE (for detailed information, see Appendix A). Given that we assessed various facets of
the informal HNE, these correlations were appropriate and were included in our model.
Overall, the measurement models for children’s numerical competencies and the formal
and informal HNE showed a good model fit (see Table 2), with the exception of the informal
HNE at t2, which showed slightly lower values. All models were included in the next step
of the analysis.
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3.2. Correlational Analyses

Table 3 provides an overview of the correlations between the latent variables of the
HNE and mathematical competencies at t1 and t2, as well as the manifest variables of the
learned and current occupations.

Table 3. Cross-sectional correlational analyses for parents’ occupations, home numeracy environment,
and children’s mathematical competencies.

2 3 4 5 6

Learned Occupation 0.508 ** 0.171 * 0.109 0.209 ** 0.255 *
Current Occupation (2) 1 0.183 * 0.154 0.095 0.152

HNE t1 (3) 1 0.866 ** 0.317 ** 0.278 **
HNE t2 (4) 1 0.333 ** 0.321 **

NumC t1 (5) 1 0.895 **
NumC t2 (6) 1

Note. Pearson’s correlation coefficients for manifest and latent variables. N = 160–190. * = p < 0.05, ** = p < 0.01,
HNE = Home numeracy environment, NumC = Numerical competencies of the children.

The cross-sectional correlational analyses showed a positive association between the
HNE and children’s numerical competencies at both measurement points. A STEM-related
parental occupation was significantly associated with the HNE that parents provide at
home for their children. However, such an association was only found for the learned
and current occupations at t1. Further, the learned occupation also correlated significantly
with children’s numerical outcomes. Despite the small effect size of the correlations,
no significant associations were found between the current parental occupation with or
without a STEM background and children’s numerical competencies.

3.3. Statistical Models of Parental Occupation, HNE and Children’s Numerical Competencies

For our final statistical models, the direct paths from the first to the second measure-
ment points of all latent variables were set as autoregressive paths. The paths from HNE
t1 to NumC t2, NumC t1 to HNE t2, and NumC t1 to NumC t2, as well as for the relation
between HNE t1 and NumC t1, were formed as regressions. Due to current research [42,62],
we expected a direct cross-sectional association between the HNE and the numerical com-
petencies of the children at the first measurement point. Table 4 shows the model fit for our
two final models.

Table 4. Chi-square test (X2, df, p), confirmatory fit index (CFI), root mean square error of approxima-
tion (RMSEA), and standardized root mean square residual (SRMR) for the statistical models of the
learned and current occupations.

X2 df p CFI RMSEA SRMR

Learned Occupation 188.310 102 0.00 0.95 0.07 0.05
Current Occupation 175.126 102 0.00 0.95 0.07 0.05

Note. The fit criteria for all measurement models and statistical models were Chi square p ≥ 0.05, CFI ≥ 0.95,
RMSEA ≤ 0.06, and SRMR ≤ 0.08.

To address H1, we tested the association between the learned occupation (STEM vs.
non-STEM background) of the parents with the HNE and NumC. In a second step, we
tested the association for the current occupation (STEM vs. non-STEM background).

For our first hypothesis, the results from the crossed–lagged analysis (see Table 4)
demonstrated that the data fit the model well. The learned occupation of the parents with a
STEM background was significantly positively associated with the numerical competencies
of the children at t1 (see Figure 2). To verify whether this association could also be found
for the second assessment of children’s mathematical competencies, we conducted an
exploratory mediation analysis, which showed a significant direct effect of 0.24 (p < 0.01)
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from learned STEM-related occupations of parents on t2 of children’s numeracy competen-
cies. Within the mediation analysis, the model showed a significant specific indirect effect
of 0.16 (p = 0.01) mediated by children’s numerical outcomes at t1 with an effect size of
0.19 (p = 0.01), as well as a significant total effect of 0.25 (p < 0.01). This indicates a relevant
association between the learned occupation and children’s numerical development.
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No significant association of learned occupation with the HNE was found. The
autoregressive path of t1 onto t2 for the HNE was strong and significant (β = 0.68; p < 0.01),
indicating that the HNE remained relatively stable across the two measurement points. The
same was found for the stability of children’s numerical competencies (β = 0.89; p < 0.01).
The expected direct path from HNE t1 to NumC t1 was also positive and significant
(β= 0.26; p < 0.01). No other significant direct paths were found in our model. However,
HNE t1 had an indirect effect on NumC t2 mediated by NumC t1 (β = 0.23; p < 0.001).

To address our second hypothesis, we conducted the same analysis again and used the
current occupation of parents with a STEM background as a predictor variable. The results
show (see Table 4) that our data fit the model well. The results of the standardized model
show a significant association between the current occupation and the HNE at t1, but no
significant association for the numerical competencies of the children at t1 (see Figure 2).

Other than that, this model resembles the first model. Again, the mathematical
competencies at t2 were not directly predicted by the HNE at t1, but an indirect effect from
HNE t1 on NumC t2 mediated by NumC t1 was found with 0.29 (p < 0.001).

4. Discussion

Early numeracy development and child and family characteristics that are associated
with this development are intensively discussed in current research to understand how
we can support children to improve their skills and abilities [62–64]. However, still, not
much is known about the specific associations of parents’ learned and current STEM or
non-STEM occupations with children’s numerical competencies and families’ HNE at an
early age [17,18].

By means of a detailed analysis of STEM- and non-STEM-related occupations that
parents learned and currently practice, we investigated the association of parents’ occu-
pations with their children’s numeracy competencies and the HNE. Our results indicate
that parents’ learned STEM occupations, but not their current occupations, are positively
related to children’s numerical competencies. However, our findings did not support the
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hypothesis that parents’ learned occupation significantly predict the HNE. Instead, such
an association was only found for their current occupations.

4.1. Direct Links between Parents’ STEM Occupations and Children’s Numerical Competencies

Consistently with the results from previous studies [17,18], children with at least one
parent in a STEM-related occupation outperformed children with parents without a STEM-
related occupation. However, unlike previous work [17,18], we differentiated between
parents’ learned and current occupations. Our findings showed that only parents’ learned
STEM occupations, but not their current STEM occupations, were associated with children’s
numeracy competencies. In contrast to other studies, we examined these associations for
preschool-aged children and not for high-school students or adolescents [17,18,23].

Unexpectedly, the link between parental occupation and children’s numerical compe-
tencies was found only for parents’ learned STEM occupation, but not for parents’ current
STEM occupation. Here, different possible explanations can be put forward.

One can assume that parents who have studied an occupation in a STEM field already
had a strong interest in this area before choosing their course of study or training [65].
Accordingly, they will show greater interest, as well as positive beliefs and attitudes,
concerning STEM [66]. Such positive attitudes and beliefs may be related to children’s
numerical competencies [67–69].

Further, it can be assumed that experiencing STEM education leads to certain skill sets
(e.g., critical thinking, problem solving, active learning), which [70] may then be passed
through by the parents to their children. These skills are also important skills for early
STEM learning according to Steffensky [71]. Moreover, studies showed an interrelation
between children’s mathematical and scientific competencies at an early age [4,27,44].

Further, we suppose that the education that parents went through shaped their skills,
attitudes, motivation, and interests [72,73], which they are likely to pass on to their children.
This may play a role in children’s numerical development and mathematical outcomes.
Similarly, Sonnenschein et al. [74] pointed out that parents’ behaviours and practices, which
reflect their cultural heritage, beliefs, and experiences, influence children’s development.

However, we could not find a link between parents’ current occupation and children’s
numerical competencies. We assume that parents’ occupations that they currently perform
can vary widely and are not necessarily related to their learned occupation. This means
that a current STEM occupation does not equal a STEM education, or conversely, a STEM
education does not equal a current occupation in that field [29]. For example, Cech and
Blair-Loy [75] found that many parents left STEM occupations after the birth of their
first child.

Consequently, it can be assumed that parental learned occupations (but not their
current occupations) are connected to parents’ beliefs and attitudes and, in turn, are
associated with parent–child interactions at home, which were not assessed within our
HNE measurements. Here, clearly, more research is needed that focusses on the association
of specific aspects of parental occupations, beliefs, and attitudes with specific aspects of the
HNE [63].

Passing on good numerical and mathematical skills could also be influenced by
parents’ genetics, as suggested by Puglisi et al. [76], who could not find a direct association
of the informal home literacy environment with children’s literacy skills when parental
skills were controlled for. Our findings may be interpreted as being in favour of the results
of Puglisi et al. [72]. However, as pointed out above, a more differentiated look at parental
factors, especially the influence of parents’ occupations, is needed.

4.2. Associations between Parents’ Characteristics and the Home Numeracy Environment

As expected, we found a significant association of parents’ occupations and families’
HNE, although this link was only affirmed for parents’ current occupation in our statistical
models. We assume that parents’ current occupation is reflected in their everyday activities,
which can be seen in the home numeracy environment that they provide for their children.
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Accordingly, it seems plausible to us that families in which at least one parent is currently
working in a STEM field show a higher quality in their HNE, assuming that a current STEM
background is related to more activity in and discussion of numerical and scientific topics
in general [77].

Further, Zucker et al. [78] showed that parental involvement in helping children with
science or math or doing more STEM-related activities was associated with parental values
and self-efficacy. They also reported a direct association between mothers’ working in a
STEM-related field and higher self-efficacy when engaging in informal STEM activities.
Here, they suggested an indirect link between a maternal STEM career and parental involve-
ment, mediated by a higher self-efficacy in encouraging children’s informal STEM learning.

These results underline our findings and raise the assumption that especially mothers
who are currently working in a STEM profession are involved in particularly high-quality
mathematical activities [78]. However, we can only speculate about this idea, as we have
not investigated this association. It would be of great interest to check whether there is a
difference in the quality of the HNE between mothers and fathers and the other factors
(e.g., occupations) to which this may be related.

Unlike we expected, for parents’ learned occupation, we did not find a statistically
significant link with the HNE. This could be related to the fact that the profession was
learned further back in time and the questions about mathematical activities of the parents
reflected more of their current activities and not those of the past. It can therefore be
assumed that there is not such a strong link between the occupation learned in the past and
the current interactions. Nevertheless, our cross-sectional correlations show a significant
correlation between the learned occupation and the HNE at t1. This could indicate that
learning a STEM profession also plays a (minor) role for later home numeracy activities.

In our sample, mostly fathers were educated and worked in STEM occupations [28,79–81].
However, about 80% of our parental surveys and, thus, the questions on the HNE were
filled out by mothers. Consequently, it may be possible that the association between
parental STEM occupation and the HNE would have been stronger if the individuals with
STEM backgrounds would actually have answered our questions. This issue of potential
differences in the answering patterns of fathers and mothers should be considered in the
future, as only a few studies investigated such differences in socioeconomic characteristics,
HNE, and interest, attitudes, and beliefs concerning science and mathematics [14,24–27,82].

Only a few studies investigated the link between different aspects of the SES and the
HNE [e.g., 1,15,37]. Here, differences between high- and low-SES families concerning home
math activities were found by DeFlorio and Beliakoff [15] and by Elliott and Bachman [1].
However, other studies did not find significant associations [e.g., 37], and most studies used
the SES or aspects of it as control variables only. Our findings indicate that it is worthwhile
to analyse specific facets of the SES in the context of the HNE and the development of
children’s competencies during kindergarten.

4.3. The Role of the Home Numeracy Environment in Children’s Numerical Competencies

In addition to many different aspects that impact children’s numerical competen-
cies and their development, such as parental factors, the SES, and child characteristics,
such as intelligence, the HNE is an important predictor of children’s numerical competen-
cies [42,62]. Our results replicated previous findings [39,42,47,77], with significant positive
correlations and a direct link in our cross-sectional analyses of the families’ HNE and
children’s numerical competencies. However, HNE t1 and NumC t2 were only indirectly
correlated, with NumC t1 as a mediator, and no significant association was found for the
correlation of HNE t2 and NumC t2 in our model. As our correlational analyses showed
significant associations between all measures of HNE and NumC (see Table 3), we attribute
the missing links of our HNE measures and NumC t2 in our model to the great stability of
NumC across t1 and t2. Consequently, most of the variance of NumC t2 was explained by
NumC t1. Previous studies also reported inconsistent findings for the association between
the HNE and children’s numerical competencies. For instance, while some studies found
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positive associations [37,47], others found no such associations [15,67]. Clearly, more re-
search on the HNE and its association with children’s early competencies is necessary, and
studies should consider additional factors that might influence this association, such as
parental beliefs, expectations, and cultural backgrounds [15,62].

Further, our CFA modelling indicates that the construct of the HNE has space for
improvement. As also mentioned by Hornburg et al. [63], we recommend that the construct
of the HNE needs to be used carefully and greater thought should be put into assessments
and operationalisations. This could mean that it is not enough to capture caregiver-
initiated activities, but also child-initiated ones or, additionally, aspects such as the family
structure [63,82].

4.4. Limitations and Further Research

Some limitations need to be considered when interpreting our findings. First, our
sample is not representative for the German population, and in addition, we could not
use the whole sample of our study, leading to a reduced sample size for the final analysis.
Consequently, the biased drop-out needs to be considered.

Second, we did not control for additional variables in our main analyses, such as a
global SES measure, children’s intelligence, sex, age, or migration background [37], because
we wanted to focus mainly on the associations of one specific aspect of the SES (STEM
vs. non-STEM occupations) with the HNE and children’s mathematical outcomes. The
inclusion of further control variables in exploratory analyses led to a very low model fit.

Although we used two measurement points in our study, it is necessary to exercise
caution when interpreting the findings regarding causality. However, previous research
based on longitudinal data also showed direct relations between the HNE and children’s
mathematical abilities [42,47,83], and other studies with representative sample sizes under-
mined the assumption of a relation between STEM-related parental occupations and better
mathematical competencies of children [17,18,22].

With additional methods of data collection, more detailed information about the asso-
ciations between parents’ occupation, the HNE, and children’s mathematical abilities could
have been examined. For instance, surveys on parental beliefs and attitudes, observational
methods to directly capture the parent–child interactions, and interviews to obtain more
qualitative data on parental occupations and the skills they learned would provide us with
a greater insight [1,63].

Further research on differences in parents with STEM-related occupations regarding
their educational qualification and highest degree and the associations of these differences
with children’s mathematical competencies and development would be of great interest.

In order to find out more precisely why the learned STEM profession is a predictor
for early numerical skills of the children, but not the current STEM profession of the
parents, we also need further research. In particular, one should look at the potential
link between parents’ occupations and children’s competencies in different fields and the
potential influence of the content and skills gathered during their education as mediators
for children’s early numerical competencies. Additionally, a greater sample size might show
different results and would offer more opportunities for further statistical investigation,
e.g., in which ways parents who learned STEM occupations, but do not currently work in a
STEM-related field, may differ from parents with the same background and from parents
who learned something else, but who are now working in STEM occupations.

In addition, looking at gender-related differences not only in the parents, but also
between girls and boys, may provide a greater insight into mathematical learning and
development and how mathematics are provided at home in different ways [28,84,85].

Altogether, it would be interesting to use the analysed and additional variables in a
more comprehensive model and to examine them in a larger sample with a longitudinal
design and more assessments.
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5. Conclusions

Our findings indicate that parents’ learned occupations seem to play an important
role in children’s early numerical development [17]. Further, the HNE was an important
predictor for children’s early numerical competencies, which aligns with the results of
prior studies [39,42,83]. Our study shows that concentrating on only SES as a global factor
may not be sufficient to explain the development of children’s competencies [1]. This
indicates that it is worthwhile to look at the construct of the SES in more detail and to
differentiate between subcomponents. Consequently, depending on the research focus,
future studies should consider which aspect (s) of the SES to assess. Despite our results, we
still need more information about the specific associations and mechanisms that connect
parental STEM vs. non-STEM occupation, the HNE, and children’s numerical outcomes.
Here, research on parental beliefs and attitudes and on the clarification and specification
of the HNE may be helpful [15,63,74] to provide policy and practise with more detailed
information about how to best support children and their parents.
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Appendix A

Item description of the informal home numeracy environment.

Items Item Description

Item 1
How often does your child count in everyday life (e.g., when setting the table with

tableware or when counting down hours or days until a certain event)?

Item 2
How often do you play counting games with your child (e.g., “Benjamin Blümchen:

Lerne Zählen”, “Die Maus-Lern-Spiel-Sammlung”, “Kosmolino: 1,2,3 . . . ”)?

Item 3
How often do you play arithmetic games with your child (e.g., “Ich lerne Rechnen”,

“Zahlen und Rechnen”, “Zählen und Rechnen mit Ernie und Bert”,
“1 + 2 = 3 Rechnen macht Spaß”)?

Item 4
How often do you play dice games with your child (e.g., “Mensch ärgere Dich

nicht”or “Tempo, kleine Schnecke”)?

Item 5
How often do you involve your child in weighing and counting food and paying at

the counter when you go shopping?

Item 6
How often do you involve your child in counting, weighing, or measuring

ingredients when cooking?
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Items Item Description

Item 7
How often do you talk with your child about measurements (e.g., weight,

temperature, or speed)?
Item 8 In our family, we think that it is important to be able to calculate.

Item 9
My child shows interest in learning to calculate and to count and is

looking forward to it.
Item 10 Mathematics is important in our family.
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