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Abstract: The role of home numeracy activities in the development of numeracy skills is receiving
growing interest, although some mixed results highlight the need to consider models that include dif-
ferent contextual variables. The present study was aimed at investigating, using a multi-method and
multi-informant approach, how parents’ educational levels, parents’ numerical attitudes, home nu-
meracy, and expectations toward their offspring’s numeracy attitudes concurrently predict children’s
early numeracy abilities as measured with early numeracy tasks and through teachers’ evaluations.
The sample includes 430 preschoolers, their parents, and 56 teachers. The children’s early numeracy
competence was assessed using digit recognition and digit-quantity association tasks and via a
proxy-report questionnaire administered to their teachers. The parents were then administered a
questionnaire investigating their educational levels, home numeracy activities, math attitudes, and
expectations toward their child’s numeracy ability. The results of the structural equation models
revealed that both children’s performance in numeracy tasks and the teachers’ evaluation of their
math skills were directly predicted by their parents’ educational levels. In contrast, the parents’ math
attitudes were indirect predictors via the mediation of home numeracy. These results contribute to
understanding the relationships between the investigated environmental variables and the children’s
early math skills. Additionally, the implications for early family-based interventions are discussed.

Keywords: early numeracy; contextual variables; multi-informant approach

1. Introduction

Early numeracy skills have been shown to have a certain degree of continuity with
later mathematical development [1,2], which, in turn, is linked to educational success [3,4].
Despite early numeracy represents a multifaced construct, among the primary skills usually
included in its evaluation we can find number knowledge (i.e., identifying symbolic
numbers) and the ability to establish a correspondence between symbolic numbers and
the corresponding quantity via subitizing or counting small sets of objects or pictures
(e.g., [5-7]). A precocious and preverbal sense of numerical magnitudes, including the
ability to quickly understand, approximate, and manipulate numerical quantities [8], is
considered part of an innate non-symbolic system of processing numerical representation.
Through experience and education, this non-symbolic system is gradually supported
by linguistic skills, such as vocabulary and phonological skills [9,10], that sustain the
acquisition of a symbolic system that is culturally determined. It has been shown that
individual differences in children’s early understandings of magnitudes, represented both
non-symbolically (e.g., sets of dots) and symbolically (e.g., Arabic digits), play a key role in
their ability to learn arithmetic [11-14], and, as well, the learning of math concepts might
improve symbolic and non-symbolic skills [15,16]. Additionally, general cognitive abilities,
such as working memory, short-term memory, processing speed, and the intelligence level,
which predict performance in mathematics and other learning skills, can be considered
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domain-general precursors [17,18]. In addition to these domain-specific and domain-
general cognitive predictors of early numeracy and mature math skills, a growing body
of evidence suggests that contextual variables, i.e., factors related to the quality of the
environment in which the child grows up, can significantly impact the development
trajectory of numeracy skills.

Most research has focused on the role of home numeracy activities, defined as parent-
child interactions that include experiences with numerical content in daily-life settings.
The Home Numeracy model [19,20] distinguishes two types of activities performed by
parents: formal and informal. The first refers to parents’ intentional teaching efforts, which
focus on counting and teaching numbers or practicing simple sums. Informal activities,
instead, refer to parents’ unintended teaching during playful moments, such as playing
games with numbers (e.g., card games). Therefore, even if the two types of activities might
target similar numeracy skills, they differ in modality and intentions. Other authors also
highlighted the importance of “math talk”, which referred to how parents use math or
number words in everyday life [21], and it has been reported that intervention directed
to parents leads to enhanced home numeracy activities and significant gains in children’s
early numerical skills [22].

Although many studies report a significant positive relationship between home nu-
meracy and children’s early numeracy skills, Mutaf-Yildiz et al. [23] found contrasting
results in their systematic review, which might be explained considering the types of ac-
tivities, children’s ages, father vs. mother involvement, and the math outcomes analyzed,
suggesting that more research is necessary to draw quantitative conclusions. Additionally,
Mutaf-Yildiz et al. [23] reported inconsistent findings regarding the differential role of
formal and informal home numeracy on symbolic and non-symbolic numeracy skills.

The issue is further complicated by other environmental variables that might affect
the amount and the quality of home numeracy activities and, through either direct or
indirect effects, the development of numeracy skills. According to an expanded Home
Numeracy Model (HNM) [24], parents’ numeracy expectations, parents’ education (as
a proxy of socio-economic status, SES), and parents’ numerical attitudes impact home
numeracy activities that, in turn, predict children’s numeracy skills (see below for further
description). This model was tested on a sample of 390 Chilean children. However, it has
also been underlined [25] that there might be cross-cultural differences in the relationship
between contextual variables, home numeracy, and children’s math skills, suggesting the
importance of developing culturally sensitive models of early home learning environments.
Considering Italy, based on data from the PISA [Programme for International Student
Assessment] project [26], the 15-year-old Italian students have the 24th highest performance.
It also emerged that, in Italy, SES explains less variance (in math) (11%) compared to the
OECD average (14%). This means the relationship between environmental variables and
learning outcomes might differ according to the cultural context, and there is a need to
collect evidence from diverse countries.

Finally, as evidenced by [23], there might be a variation in the impact of contextual
variables and children’s numeracy skills depending on the outcome considered. Although
most studies included early numeracy tasks that were directly performed with children, less
evidence has been collected considering teacher’s perceptions of children’s numeracy skills,
and, to the best of our knowledge, no study directly compared the HNM within a muti-
informant approach that included both children’s skills and their teachers’ perceptions.
Therefore, in the present study, we tested an enhanced HNM on Italian children, including
both fathers” and mothers” numerical attitudes, education level, and numeracy expectations
concerning home numeracy activity and early numeracy skills as directly tested on children
and according to teachers’ perceptions.

Two elements of novelty, compared to previous studies, have been included. The
first one is related to applying a multi-informant and multi-method approach, using two
outcome variables: teachers’ observations of children’s early numeracy skills collected via a
proxy-report questionnaire and a direct assessment of these skills with tasks administered
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to these children. This procedure would allow for testing the similarities/differences in
the pattern of concurrent predictors of early numeracy, considering two measures typically
used in research and practice for evaluating children’s abilities. The second element of
novelty is related to the attempt to replicate a previously tested model [24] in a sample with
different cultural features, namely an Italian sample.

1.1. Home Numeracy and Contextual Variables
1.1.1. Socio-Economic Status (SES)

SES can be broadly defined as the position of individuals on a hierarchy of dimensions
that members of society deem salient [27,28]. The operationalization of SES is still under
debate and might include education, occupation, income [29], and possessions (e.g., books
and personal computers), and, in some cases, the concept extends to cultural and social
capital (e.g., relationships). Parental education has been identified as the index with the
strongest associations with children’s educational outcomes [30], being strongly correlated
with other important SES indicators [27]. A consistent number of studies reported a positive
relationship between SES and children’s language development [31] and later academic
achievement [32]. There is also some evidence that SES might be related to numeracy
and math skills [33,34]. However, less evidence has been collected in this regard and with
somehow contrasting results, which in part might be attributed to differences between
countries and school systems [35]. In addition, SES disparities are differently related to
subcomponents of math skills. In some studies, SES discrepancies were found to have a
main effect on verbal aspects of math skills compared to non-symbolic tasks [36,37].

It has been suggested that the association between parental education and composite
measures of math skills may be explained by differences in foundational number skills such
as the knowledge of number words and cardinality [38]. SES might impact educational
opportunities that can be achieved (e.g., availability of number games, quality of schools,
etc.), including the quality of the home numeracy environment that, as previously discussed,
can play a relevant role in the development of numeracy skills in children. However, home
activities may serve as a buffer that promotes resilience in the context of low-SES [39],
although literature reports present diverse effect sizes and patterns of moderators [40].
Previous studies already suggested an association between higher SESs and more home
numeracy activities [41,42], although others reported opposing patterns, with more home
activities in low-SES parents [43] or no effects of SES on home literacy and numeracy [44].
Within the Italian context, [45] reported that home numeracy mediated the relationship
between SES and symbolic and non-symbolic early numeracy skills in preschoolers.

1.1.2. Parent’s Attitudes and Expectancies

Parents’ attitudes toward math refer to positive or negative feelings toward math and
develop over time [46]. Diverse facets might shape parents” attitudes, such as previous
scholastic success vs. failures in math, and everyday practice with math skills [47]. Recent
research in the field of developmental disorders has focused on the intergenerational
transmission of cognitive skills in parents and children, with the idea that the cognitive
endophenotypes of developmental disorders are shared by affected children and unaffected
family members [48]. The evidence in this direction has been found for dyscalculia—i.e., the
specific learning disorder affecting mathematics [49,50], and a few studies tried to address
the issue of intergenerational transmission of math skills also in typical populations, finding
some significant associations between parents and their offspring’s math abilities [51,52].
Beyond directly administering parents with math tasks, a way to have information on their
math abilities and attitudes is to ask about them via a self-report. Using questionnaires, a
few studies showed that parents’ attitudes toward math are associated with, and predict,
their children’s math attitudes as well as their children’s math skills (e.g., [47]).

A similar pattern of results has been found for parents” expectations, which have been
proven to be related to children’s achievements in math [53,54]. Parental expectations can
be defined as the highest level that parents think their children can reach regarding specific
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topics [55]. Regarding expectancies on math skills, parents are usually requested to rate
how much they think their children should be proficient in specific math skills [20,24]. A
meta-analysis [56] found that parents’ expectations had the strongest relationship with
students” academic achievement, more than other variables of parental involvement such
as parental supervision, school contact, time spent doing homework together, etc. In a
recent study [24] investigating parental involvement and math development, it was found
that parents with more positive numeracy attitudes and higher expectations also reported a
higher frequency of formal home numeracy activities, which, in turn, predicted children’s
math skills. These results suggest the complex pattern of relationships connecting parental
and home-related variables with children’s cognitive skills.

1.2. Multi-Informant and Multi-Method Approach

Empirical studies, as well as clinical practice, have shown the value of using a multi-
informant approach when assessing children’s functioning and skills. Screening and
diagnostic assessments usually include parental reports because of the many studies that
noted that they are highly informative on the strengths and weaknesses of their children
and the context in which they are growing [57,58]. Additionally, the key role of teachers
as sources of information on their pupils from an early age has been proven [59,60]; also,
sometimes, teachers have been shown to be more accurate than parents in assessing cog-
nitive skills [61]. Investigating teachers’ perceptions is also important, considering how
they are significantly associated, longitudinally, with children’s academic outcomes, in
both literacy and numeracy [62]. However, teachers’ perceptions can be biased, despite the
results being mixed: evidence in favor [63] as well as against [64] an underestimation of the
academic skills of lower-SES children has been found. Parents” and teachers’ observations
are grounded in different environments (i.e., school and home contexts) and therefore
provide partially different but complementary information [65]. This is one of the rea-
sons explaining why reports of parents and teachers usually correlate at low-to-moderate
magnitudes [66].

A multi-informant approach is, therefore, particularly important when assessing multi-
ple variables in multiple contexts and when involving young children, such as preschoolers,
as a sample. Then, a multi-method approach, pairing questionnaires with direct observa-
tions of children’s skills, is a way of investigating complex skills, such as cognitive skills,
trying to be as comprehensive as possible. Some studies investigated the role of teachers as
informants on children’s cognitive skills, finding that their reports are partially consistent
with actual children’s skills [61]. However, their observations can bring additional infor-
mation on children’s functioning in a specific cognitive area. Therefore, the use of both
methods of investigation—cognitive tasks and teachers’ reports on cognitive skills—leads
to a more exhaustive picture of these skills.

1.3. The Present Study

The present study uses a multi-informant and multi-method approach for investi-
gating the role of home- and parent-related variables in concurrently predicting the early
numeracy skills of preschoolers. In particular, questionnaires directed to parents were
used for collecting information on their educational level as a measure of SES, numerical
attitudes (separate for mothers and fathers), home numeracy, and expectations toward their
offspring’s numeracy attitude. Then, the children were administered tasks assessing early
numeracy; children’s numeracy skills were additionally investigated using a proxy-report
questionnaire filled in by their kindergarten teachers. Here, we mainly refer to numeracy
skills instead of math skills since the focus is on the basic skills of understanding the quan-
tities and knowledge of numbers, in the absence of the concepts of space, measurements,
and calculations that are proper of the broader domain of math.

The aim of the study is to evaluate the predicting power of parents” educational levels,
numerical attitudes, expectations, and home numeracy activities toward children’s early
numeracy skills measured directly and via the point of view of their teachers. We hypothe-
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sized that parents” educational levels, numerical attitudes, and expectations would play a
role in predicting children’s numeracy skills, mainly via the mediation of home numeracy
activities [24]. This study is innovative in the way it expands a previous model [24] in
a culturally diverse context, namely the Italian one with its peculiar features [26], using
a multi-informant (mothers, fathers, children, and teachers) approach and two different
measures (tasks and teachers’ observations) of early numeracy. This would add important
information, useful for both research and practice, regarding the role of home-related vari-
ables in the development of early numeracy, leading to insight into possible home-based
interventions for empowering children’s skills.

2. Instruments and Methods
2.1. Participants

The study involved 430 Italian children (males = 55.2%) attending preschool (mean
age = 69.92 months + 3.79, range 57-77 months), their parents, and one teacher for each
class involved, for a total of 56 teachers. All the children attended a public all-day preschool
program in Italy where the LADA (Laboratory Assessment Learning Disabilities) was
running the LOGOS Project project, funded by Municipality of Bologna, which is driven
by the goal of early identification numeracy and literacy and skills. None of the children
were cared for by Childhood Neuropsychiatry for any range of developmental disorders or
sensory or neurological impairments.

The Italian preschool involves children aged from 3 to 6 years and is structured as
follows: a three-year program during which no formal instructions relating to math skills
are provided. However, the children might be engaged in activities aimed at improving
numeracy skills in playful activities. The sample was relatively homogeneous with respect
to the educational exposure since, within the project, training on the early numeracy skills
was carried out for all teachers.

Written informed consent to participate in this study was provided by the participant’s
legal guardian/next of kin, and the project has been approved by the Bioethical Committee
of the University of Bologna.

2.2. Instruments
2.2.1. Basic Information

Information relating to SES and parental occupation was collected and evaluated
according to the Four Factor Index of Social Status (SES) [67]. For the present study, the
indices of Educational Level were used, for which a score from 1 to 7 was assigned.

2.2.2. Home Numeracy Questionnaire

A questionnaire was administered to evaluate the children’s home numeracy activities
to be completed together or by the parent who spends more time with the child, usually the
mother. A short questionnaire was used so it could be easily filled in by parents to encourage
greater adherence to the study [45,68-70]. The questionnaire included four questions about
computational activities at home, and the answers were on a five-point Likert scale, from
“never” to “always”. The questions included both direct (formal) activities [e.g., “How often
do you and your child read or write numbers”] and indirect (informal) activities [e.g., “How
often do you and your child do simple calculations (2 + 1 = 3) in games or during other
daily activities?”]. While formal activities include parents” explicit teaching, or request of
practice, in relation to numerical concepts, informal activities lead to the encounter and
practice of numerical concepts not on purpose, but during everyday activities with other
aims (e.g., not-numerical games and helping parents with housework) [19,20]. Previous
studies [23] reported conflicting results regarding the differential impact of formal and
informal activities on early numeracy; in line with this, other studies considered the
general Home Learning Environment (HLE) [71] as a unique factor. Additionally, in the
questionnaire used for the present study, the four questions were loaded on a single factor
(x? =2.518; p =0.28; CFI = 0.999; TLI = 0.996; and RMSEA = 0.025). For these theoretical
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and empirical reasons, the four home numeracy activities were considered together, and
the sum of the scores (Home Numeracy) was used in the analyses. The maximum score
was 20. The Cronbach’s alpha for the scale was 0.77.

2.2.3. Parents’ Expectations Questionnaire

In order to know the expectations of the parents on their children’s numeracy ability,
they were provided with a questionnaire to fill in together. The questionnaire consists of
5 items, partially adapted from [20,24], with questions aimed at investigating the impor-
tance of their child achieving certain objectives before entering primary school (1. Count
to 10, Count to 100, 2. Read printed numbers up to 100, 3. Solve simple sums, e.g., 2 + 2,
and 4. Being able to count with dishes). The questionnaire was originally administered
to a wider sample (n = 607) and it showed a good fit (x> = 146.402; p = 0.000; CFI = 0.906;
TLI = 0.812; RMSEA = 0.256). The parents indicated their academic expectations by noting
the importance (0 = irrelevant, 4 = extremely important) of children achieving academic
benchmarks. The maximum score was 25. The Cronbach’s alpha for this sample is 0.91.

2.2.4. Parent’s Attitudes to Mathematics Questionnaire

In the study, we also assessed the parents’ attitudes toward math with another ques-
tionnaire, with statements adapted from previous studies [47] and qualitatively evaluated
by teachers and parents regarding their clarity. The questionnaire showed a good fit (Fa-
thers: x2 = 0.764; p =0.68; CFI = 1; TLI = 1.007; RMSEA = 0; Mothers: x2 = 0.764; p =0.68;
CFI =1; TLI = 1.007; RMSEA = 0). In this case, each parent had to individually answer four
questions about their math skills in order to have two separate scores, one for the mothers
and one for the fathers. The parents rated their attitudes on the following statements “I
enjoy math activities”, “I was good in math in school”, “I did not have difficulties in learn-
ing timetables”, and “It’s easy for me to do mental calculations”. The responses were on a
5-point Likert scale (1 = never, 5 = always). The maximum score was 20. The Cronbach’s
alpha for this scale is 0.76.

2.2.5. Early Calculation Skills

The Number Sense: A prerequisites battery [72] was used that was suitably adapted
to be collectively subjected to children through two paper and pencil tasks.

1. Number recognition: the children receive a card with numbers from 1 to 9 randomly
distributed on a grid between empty squares. It is similar to a bingo card. The
children are required to sign the number read aloud by the experimenter with a
different colored pencil for each number. The examiner named five different numbers,
after one number as an example, and the score ranged from 0 to 5. The Cronbach’s
alpha was 0.89, according to the test manual.

2. Digit-quantity association. The children were provided a card similar to the previous
task, but the boxes represented sets of elements (bananas from 1 to 9). The examiner
showed six different numbers (Arabic format), five test numbers and one as an
example, asking the child to choose the set with the corresponding number of bananas.
For each digit correctly associated with a quantity, a score of 1 was assigned (range of
scores: 0-5). The Cronbach’s alpha was 0.77, according to the test manual.

A variable named early numeracy skills was also calculated as the sum of correct
responses for the number recognition and digit-quantity association tests (range 0-10).

2.2.6. Teacher Questionnaire

Children’s early numeracy competence was also assessed with a proxy-report ques-
tionnaire administered to their teachers. The items were developed for the purpose of the
present study, based on the range of early numeracy skills that are deemed to be adequate
for preschoolers based on the Italian curriculum for preschoolers and the previous literature
on the main components of early numeracy skills (see introduction). Further, the questions
were qualitatively validated by groups of teachers that provided their feedback on the
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clarity of the items. The questionnaire consists of a total of 20 items, but, for the purposes
of the present study, only the 5 items that investigated numeracy skills were considered.
The statistical analyses confirmed that the 5 items referred to the early numeracy load on a
single factor (x? = 6.726; p =0.24; CFI1 = 999; TLI = 998; and RMSEA = 0.028). The teachers
rated their evaluations of the children’s numeracy skills on a five-point Likert scale from
“never/absent” to “always/excellent competence”. For example, to investigate the enu-
meration, the teacher must answer whether the child is able to list the numerical sequence
in stable order (e.g., 1,2, 3,4, 5, ... ). The other skills investigated are: digit-quantity cor-
respondence, counting and cardinality, quantity recognition, and recognition of numbers;
these are in line with the literature, which indicates they are important prerequisites for the
development of numeracy skills. The Cronbach’s alpha for this scale is 0.89.

2.3. Procedure

Questionnaires on SES and home literacy /numeracy were provided to parents through
paper and pencil questionnaires. The teachers were required to complete the questionnaire
for each child within a one-month time in order to provide them with the possibility to
observe the children’s behavior. Early numeracy tasks were collectively administered to
small groups of around 10-12 children in a single session lasting about 20 min. These were
paper and pencil tasks, and the collective handover was chosen in cooperation with the
schools because it was better suited to the working methods of the children. The children
are used to carrying out activities in small groups through paper and pencil tasks on pre-
printed cards in their daily school activity. Breaks were allowed if the child showed signs
of fatigue. Special attention was applied to ascertaining whether children had correctly
understood the instructions; verbal instructions were minimized, and examples for each
task were provided.

2.4. Data Analysis

Descriptive statistics and Pearson correlations between the main variables included
in the study were performed, considering a p-value of 0.0008 following the Bonferroni
correction. Before running a path analysis in Mplus [73], six assumptions must be met. The
assumptions can be checked and handled in many statistical packages; in the present study,
we used SPSS [74]. All our data were categorical or continuous and within a skew interval
suggested by the literature [75]. There were less than 5% of missing data; we imputed
them as 999 before running the models, and we kept the same sample size. There were a
few outliers, less than 5%, and we deleted them from the analysis. There was no issue of
multicollinearity, and none of the latent variables correlated above 0.85. Our sample size
meets the criteria of the rule of thumb for a total of 430 participants.

A structural equation model (SEM,; e.g., [76]), including CFA and path analysis, was
applied using Mplus software [73]. In these models, five latent variables were identified:
parent’s education, parent’s skills, parent’s expectations, home numeracy, and teachers’
questionnaire. The children’s skills were determined by the total score of the tasks. A path
analysis was used to examine the relationship between these latent dependent variables
and the independent variables through the possible mediation of home numeracy. Multiple
indices were used to evaluate the models’ fit: chi-square test of model fit (x?), Root Mean
Square Error of Approximation (RMSEA), Comparative Fit Index (CFI), and Tucker-Lewis
Index (TLI). A non-significant chi-square test of the model fit, TLL, and CFI values equal
to or higher than 0.90 indicate an acceptable model fit; an RMSEA close to 0.08 or lower
indicates an acceptable fit [77-79].

3. Results

The descriptive statistics are reported in Table 1, whereas Table 2 reports the correla-
tions among the observed variables.
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Table 1. Descriptives of measures included in the study.
Mean (SD) Min-Max Skewness (SE = 0.118) Kurtosis (SE = 0.235)
Educational level (mother) 5.29 (1.41) 1-8 —0.853 0.153
Educational level (father) 4.88 (1.54) 1-8 —0.390 —0.651
Educational level (parents) 10.09 (2.69) 2-16 —0.694 —0.071
Attitudes (mother) 12.70 (4.00) 4-20 0.255 —0.955
Attitudes (father) 14.58 (3.63) 4-20 —0.162 —0.789
Attitudes (parents) 26.81 (6.80) 7-40 —0.053 —0.365
Home numeracy 12.57 (2.92) 5.50-20 0.201 —0.443
Parents” expectancies 16.40 (4.42) 5-25 0.018 —0.493
Teachers assessmenF of child’s 22.48 (3.20) 6-25 1491 2310
numeracy skills
Number recognition 4.63 (0.91) 0-5 —3.003 9.625
Digit-quantity association 4.69 (0.79) 0-5 —3.34 12.801
Early numeracy skills 9.32 (1.42) 1-10 —2.747 8.438
Table 2. Pearson correlations among variables.
1. Educational
Level 2 3 4 5 6 7 8 9 10 1
(Mother)
2. Educational level (father) 0.563 **
3. Educational level 0.862 ** 0.891 **
(parents)
4. Attitudes (mother) 0.202 ** 0.150 ** 0.200 **
5. Attitudes (father) 0.225 ** 0.334 ** 0.311 ** 0.384 **
6. Attitudes (parents) 0.278 ** 0.234 ** 0.317 ** 0.794 ** 0.808 **
7. Home numeracy 0.198 ** 0.130*  0.189*  0320*  0.206**  0.334 **
8. Parents’ expectancies 0.049 0.074 0.072 0.139 ** 0.115* 0.121* 0.170 **
9. Teachers” assessment of 0.212 % 0.152%  0194*  0123%  0139*  0168*  0.246*  —0.006
child’s numeracy skills
10. Number recognition 0.215 ** 0.266 **  0.266 ** 0.093 0.065 0.114* 0.279 ** 0.041 0.300 **
11. Digit-quantity 0.094 0.095 * 0.093 0.056 0.043 0054  0126*  —0.009 0327*  0.396**
association
12. Early numeracy skills 0.190 ** 0.222**  0.222%* 0.091 0.066 0.103*  0.248** 0.021 0373 **  0.859**  0.810 **

*p <0.05; ** p < 0.01; and, in bold, correlations significant at p < 0.0008 (Bonferroni correction).

All the associations among the variables assessing parents” educational levels and
attitudes were significant and positive, except for the correlation between the fathers’
educational levels and mothers’ math attitudes. The fathers’ educational levels were also the
only parent-related variable not associated with home numeracy. The parents’ expectancies
were positively associated with home numeracy but not with the parents” educational
levels or attitudes. As for the associations between home-related variables and children’s
numeracy ability, some significant correlations were found. The composite score of the two
numeracy tasks was positively and significantly associated with the educational level of
both parents and with the home numeracy activities. However, separately considering the
two tasks, the one driving this association was the number recognition task, whereas the
digit-quantity association was not significantly related to the home-related variables after
considering the Bonferroni correction. The teachers” assessment of the child’s numeracy
skills was positively associated with the mothers” educational level, parents” math attitudes
(composite score), and home numeracy. Finally, all the measures of the children’s numeracy
ability were significantly and positively correlated.

To better understand the predictive power of the parents’ expectations, education, and
skills on children’s numeracy skills and the teacher’s questionnaire, an SEM was performed,
which included home numeracy as a potential mediator. The SEM’s fit indices were all
acceptable for both models (see Table 3); in Table 4, the mediation patterns are reported.
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Table 3. Fit indices for Model 1 and Model 2.

Chi-Square TLI CFI RMSEA
MODEL 1 224.714 (p < 0.001) 0.969 0.975 0.044
MODEL 2 157.802 (p < 0.001) 0.947 0.962 0.057

Table 4. Mediation indices for Model 1 and Model 2.

. Unstandardized
Indirect Path Estimation p CI Lower CI Upper

Parent’s Skills—Home
MODEL 1 Numeracy—Teacher’s Questionnaire 0.024 p=0013 0.013 0

Parent’s Skills—Home
MODEL 2 Numeracy—Children’s skills 0.079 p=0.011 0.044 0.154

o

5

3.1. Model 1: Teacher’s Questionnaire on Children’s Numeracy Skills

The model’s results are shown in Figure 1.

0.76
[t ] [HN2 ] [BN3 ] [HNa ]
0.65 0.78 0.64 de
0.89
0.78 expectations Home
071 \
0’88
-TeaZ
0.44% 0.92
0.62 )
s questionnaire '
:
0.76
ot
,
074 ParenFs
education

Figure 1. Model 1 on the relationships between parents’ variables and teachers” evaluation of
children’s early numeracy skills. (* p < 0.05; ** p< 0.001).

Not all the hypothesized predictors were significant. Home numeracy was the stronger
predictor of the teachers” questionnaire (r = 0.24, p < 0.001), and parent’s education showed
a low prediction power (r = 0.16, p < 0.05). All the other paths were not significant.

The prediction of the latent variables on the potential mediator of home numeracy
showed that only the parent’s math attitudes could predict the home numeracy activities
(r=0.44, p < 0.001), so we tested the specific indirect effect of the parent’s math attitudes
on the teachers’ questionnaire through home numeracy. We found that this effect was
significantly different from zero, thus demonstrating a partial mediation.

3.2. Model 2: Children’s Numeracy Skills

A similar pattern to the previous model was found, as shown in Figure 2.
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Figure 2. Model 2 on the relationships between parents’ variables and direct assessment of children’s
early numeracy skills. (*** p< 0.001).

Specifically, it maintained the relation that shows home numeracy as the stronger
predictor of the dependent variable, children’s skills (r = 0.30, p < 0.001). In this model, the
independent variable parent’s education was a significant predictor of the children’s skills
(r=0.28, p < 0.001). Finally, among the independent latent variables, only parent’s skills
were significantly related to the potential mediator home numeracy (r = 0.44, p < 0.001);
then, we found that there was a specific indirect effect from parent’s skills on the children’s
skills through home numeracy that is significantly different from zero, thus demonstrating,
in this case, a partial mediation between these variables. As in the previous model, no other
path was significant.

4. Discussion

This study was aimed at evaluating the predicting power of parents’ educational levels,
numerical attitudes, and expectations on children’s early numeracy skills via the mediation
of home numeracy activities. A multi-method (questionnaires and cognitive tasks) and
multi-informant (mothers, fathers, teachers, and children) approach were applied. First,
we analyzed the main correlations between the variables included in the study; then, two
structural equation models were developed: the first considered teachers’” perceptions
as the outcome measure, and the second included early numeracy skills directly tested
with children.

There were significant correlations between fathers” and mothers” educational levels as
well as between parents” attitudes toward math. This pattern, although within a behavioral
approach, is in line with the so-called “non-random mating hypothesis” [80], which posits
that partners might choose themselves also on the basis of similar cognitive or genetic traits.
The parents’ expectancies were related to home numeracy, but there were no significant
correlations with their educational level, attitudes toward math, or children’s numeracy
skills. This trend is somehow discrepant with previous studies in the literature [56], which
found positive associations between parents” expectancies and children’s skills. Further,
home numeracy was significantly related to parents’ educational level and attitudes toward
math as well as to children’s skills, either tested directly or indirectly through teachers’
questionnaires. It is worth noting that fathers’” educational level showed the weakest
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correlation with home numeracy, and statistical significance did not survive after the
Bonferroni correction. The composite score of the two numeracy tasks was positively
and significantly associated with the educational level of both parents and with the home
numeracy activities. However, separately considering the two tasks, the number recognition
task showed the strongest correlation, whereas, after considering the Bonferroni correction,
the digit-quantity association was not significantly related to the home-related variables.
This might suggest that home numeracy mainly impacts the symbolic processing rather
than the quantity processing [81,82]. The indirect assessment of children’s numeracy skills
through teachers” questionnaires was positively associated with the mothers’ educational
levels, parents’” math attitudes (composite score), and home numeracy. Finally, there were
good correlations between the direct and indirect assessment of numeracy skills, suggesting
that teachers’ evaluation is a useful tool for the assessment of children’s cognitive skills [61].

To better understand the concurrent predictors and mediation effects between parents’
variables and the direct and indirect assessment of children’s early numeracy skills, we
developed two different SEM models. The first included teachers” evaluation of early
numeracy skills as the outcome measure, which is an element of novelty in comparison to
past studies, and the second included, as the outcome measure, the total score obtained
by the children in the direct assessment of numeracy skills (number recognition and digit-
quantity association), in order to test the replication of results from the previous literature
on a sample with a different cultural backgrounds, namely Italian. Indeed, the model was
similar to that tested by [24], with the parents’ educational levels, parents’ attitudes, and
expectancies as independent latent variables and home numeracy as a candidate mediator
between the parents’ variables and children’s outcomes.

The two models showed very similar results. In both models, parents” expectancies did
not significantly predict the home numeracy or children’s skills. As previously suggested,
this is a contrasting result compared to the past literature [56] and would deserve further
investigation. On the one hand, it might be that, in preschool, parents’ expectancies on nu-
meracy skills might not be yet consolidated and might be more focused on children’s social
and linguistic competencies. Therefore, it might be that the relationship would emerge with
stronger evidence later during primary school, when parents’ expectancies might be more
focused on children’s cognitive and learning skills, including math. On the counterpart,
some cultural aspects might intervene in explaining cross-country discrepancies. In Italy,
for example, it has been shown that mothers spoke more quickly, used a wider vocabulary,
and had more utterances than Canadian mothers [83], with a preference for home literacy
over home numeracy [45]. In addition, in preschool programs in Italy, there is little focus on
early numeracy skills. Therefore, it might be a peculiarity of the Italian context that parents’
expectancies on numeracy are not directly related to the frequency of home numeracy
activities and, in turn, to children’s numeracy skills. Conversely, in both models, parents’
attitudes toward math were significant predictors of home numeracy, and a mediation
effect emerged either considering teachers’ perceptions of numeracy skills or children’s
direct assessment. This is in line with previous studies that suggest how parents” math
skills are related to children’s math skills, but with a stronger role of home numeracy over
parents’ math skills in predicting children’s outcomes [51,70].

Finally, the parents” educational level emerged as a predictor of both the direct and in-
direct assessment of children’s numeracy skills; the relationship was stronger for children’s
direct assessment than for teachers’ questionnaires. This trend is in line with previous
studies evidencing a strong relationship between parents” educational levels and children’s
numeracy skills [41,84], although it does not reply to [45]’s finding of a mediation effect of
home numeracy on the relationship between SES and children’s numeracy skills. In this
study, in line with [24], we included only the parents’ educational levels as a proxy of SES
instead of the combined scores of the educational level and occupation. Therefore, there
is a need for further studies that investigate in greater detail the role of single subcompo-
nents of SES (including the distinct role of fathers and mothers) over a set of children’s
numeracy skills.
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The present study has some limitations that need to be acknowledged, and that would
deserve further investigation to increase the results’ generalizability. First, we included a
limited set of early numeracy tasks in children, and both the tasks administered included
a symbolic component. Although these tasks have been selected as being representative
of numeracy skills according to the literature, a wider set of experimental tasks, includ-
ing symbolic and non-symbolic tasks (e.g., a dots comparison task), would better allow
for an understanding of the differential contributions of parents’ variables on children’s
early numeracy skills. In particular, separately considering the single numeracy skills as
outcomes of a model, and not a single composite numeracy score, would add important
details to this branch of research. Secondly, our study considers the concurrent predictors,
but a longitudinal perspective would allow us to better understand the causal pathways. In
addition, the issue of the assessment of SES has been limited in the present study to parental
education, but more dimensions should be included in further studies to better understand
the role of each component. Beyond SES, another group of environmental variables that
could potentially improve the model predicting children’s early numeracy is including
teaching-related factors, such as teaching strategies, teachers’ math talk, and teachers’
attitudes, which may have an effect on children’s learning trajectories [85,86]. Additionally,
the present study did not investigate the differential role of formal and informal home
numeracy activities, which, despite contrasting evidence, might have distinctive effects
on children’s early numeracy skills. Finally, social desirability might have an impact on
parents’ reports on home numeracy activities and expectancies. However, our study was
mainly directed toward the relationship amongst variables rather than on the estimation of
single scales, and the scores did not suffer from ceiling effects.

Despite these limitations, the present study offers an original contribution with re-
spect to the previous literature on three main points. First, it adopted a multi-informant
perspective, including teachers’ evaluation and the direct assessment of children’s early
numeracy skills. The results suggest that teachers’ evaluation constitutes a reliable index of
children’s skills and showed the same pattern of predictors as direct assessment. This can
be a useful outcome that might increase the use of teachers’ evaluation of numeracy skills
and conduct large-scale studies on the early development of numeracy skills, including
screening for early difficulties. Additionally, the involvement of teachers might raise aware-
ness toward the development of didactic strategies for early numeracy skills. Secondly, the
study highlighted that home numeracy mediates the relationship between parents” math
attitudes and children’s skills. This might have practical implications for increasing parents’
intervention programs aimed at fostering home numeracy practices that might reduce the
negative impact of poor attitudes and/or low SES. Finally, the study was conducted in
Italy, offering new perspectives on cross-cultural differences in the relationship between
environmental variables and children’s early numeracy skills. In particular, parents’ expec-
tations of numeracy skills might depend on didactic curricula in preschool programs and
on cultural aspects.

In summary, the present study reinforces the idea that home numeracy significantly
relates to children’s early numeracy skills, but the relationship is shaped by other contextual
variables such as parents’ math attitudes and educational levels. Further, teachers’ evalua-
tion of children’s early numeracy skills might be a reliable tool for future studies. Finally,
more studies addressing cross-cultural differences in the relationship between contextual
variables and children’s cognitive and learning skills will allow us to better comprehend
how environmental and cultural factors shape cognition and development.
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