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Abstract
The aim of the present study was to test environmental and cognitive variables as possible
cross-domain predictors of early literacy and numeracy skills. One hundred forty-eight
preschool children (mean age = 64.36 months ± 3.33) were enrolled in the study. The battery
included a home literacy and home numeracy questionnaire, measures and phonological and
visuo-spatial working memory, tasks tapping response inhibition, and predictors of literacy
(vocabulary, phonological awareness, letter knowledge) and numeracy (magnitude compari-
son, number knowledge) skills. The structural equation model indicated that verbal working
memory and, to a lesser extent, inhibition represented cross-domain predictors, whereas home
numeracy activities and visuo-spatial working memory explained additional variance only for
early numeracy skills. Implications for parents and educators are discussed.
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Complex mathematical abilities and mature literacy skills (decoding and reading comprehension)
are taught at school, but during preschool years, children already spontaneously and intuitively
develop basic calculation skills (Levine et al., 1992) and, as far as literacy is concerned, show
language-related skills such as phonemic awareness and letter knowledge (Ehri et al., 2001).
Previous studies have been focused on the analysis of the two domains separately, although
increasing evidence suggests that (1) literacy and mathematical skills might be highly related
constructs, particularly in preschool age (Purpura et al., 2011); (2) domain-general cognitive skills
explain shared variance for both literacy and numeracy skills (Espy et al., 2004; Gooch et al., 2014);
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and (3) environmental variables such as home literacy and home numeracy activities might
constitute important mediators of the development of literacy and numeracy skills (Skwarchuk
et al., 2014).

Despite the fact that many studies have investigated relationships between early numer-
acy and literacy skills and have tested, for each of these domains, home environment
influences or the relationship with domain-general skills, there is a paucity of studies that
have tried to explain, within a single model, the relationships between these different
variables altogether. Since the specific role of each of these factors might be partially related
or influenced by the others, it is necessary to develop complexmodels that consider different
patterns of predictors together in order to define the contribution of each of them in
accounting for the role of the others. The present study assesses a model that includes
environmental and cognitive concurrent predictors of literacy and numeracy skills in
preschoolers, with the objective of improving knowledge about how these different
domain-specific and domain-general skills and environmental variables predict early liter-
acy and numeracy skills when considered together.

Domain-specific components of early literacy and numeracy skills

Considering early numberacy skills, previous literature has documented that the main predictors of
math skills from preschool to primary school include number knowledge (Göbel et al., 2014) and
quantity comparison (Clarke&Shinn, 2004), together with visual-spatial skills (Lambert &Spinath,
2018). The approximate number system (ANS) (Dehaene, 1992, 2001; Piazza et al., 2010) is a core
mechanism involved in number processing that allows to quickly understand, approximate, and
manipulate numerical quantities. Besides this non-verbal component, models of number skill
development strongly emphasize the role of linguistic components, such as semantic knowledge
of numbers (Cirino, 2011; Colomé et al., 2010; LeFevre et al., 2010a; Purpura et al., 2011; Tobia et
al., 2021). The relationship between non-verbal approximate numerical abilities and symbolic
number knowledge is controversial; some authors suggest that ANS forms an important conceptual
foundation for understanding symbolic number words (Gallistel &Gelman, 1992, 2000;Wagner &
Johnson, 2011), whereas other studies failed to find a relationship between the two (Huntley-Fenner
& Cannon, 2000).

As far as literacy is concerned, previous studies have outlined how letter knowledge and
phonemic awareness represent strong predictors of later decoding skills (Torppa et al., 2006;
Caravolas, et al., 2013; see Bellocchi et al., 2017 for Italian), whereas general linguistic skills,
such as vocabulary, might act as first precursors of the emergence of early literacy skills
(phonological awareness and letter knowledge) but are instead considered a direct longitudinal
predictor of later reading comprehension skills (Foorman et al., 2015; Hulme et al., 2015).

In summary, numeracy and literacy skills have been proven to have domain-specific
predictors (respectively: ANS skills and number knowledge for numeracy, and phonemic
awareness and letter knowledge for literacy). However, literacy and numeracy skills have been
found to be highly related in both primary school (Singer & Strasser, 2017) and preschool
children (LeFevre et al., 2010a; Purpura et al., 2011). In addition, early literacy skills in
preschool years have been found to be related to later mathematical achievement (Hooper
et al., 2010; Moll et al., 2015; Romano et al., 2010). Therefore, evidence of literacy and
numeracy interrelations opens the way to more complex reflections regarding the possible role
of domain-general skills.
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Cognitive predictors of early literacy and numeracy skills

In a meta-analysis by Singer & Strasser (2017), the authors outlined a number of different high-
level skills that might explain the relationship between reading and math skills, such as
language comprehension, inferences, and metacognition (Cain et al., 2004). Further, they
identified putative common underlying cognitive skills, with particular reference to phonolog-
ical processing and processing speed. The authors actually found that reading and math skills
were less related in transparent compared to opaque languages and that they were more related
in timed vs. untimed reading and math tasks. Evidence of literacy and numeracy interrelations
opens the way to more complex reflections regarding the possible role of domain-general skills,
with particular attention to the role of executive functions (EFs) as suggested by previous
studies, that found relationships between EFs and academic achievement (Best et al., 2011;
Chiappe & MacDonald, 2005), as well as with literacy (Cummine et al., 2018; Daucourt et al.,
2018), numeracy (Mazzocco & Kover, 2007), or both (e.g., Davidse et al., 2014).

EFs refer to “a family of top-downmental processes needed when you have to concentrate and
pay attention” (Diamond, 2013). As suggested by Cragg & Gilmore (2014), inhibition, working
memory, and, to a lesser extent, switching are the three main EFs studied in developmental
literature, with a particular focus on the relationship between early literacy and numeracy. The
authors also evidenced the need of including EFs within models of numerical development. In the
present study, we considered these indications, andwe focused on the two processes considered as
central by Cragg & Gilmore (2014), namely, inhibition and working memory.

Inhibition has been defined as the ability to ignore irrelevant information while pursuing a
specific goal and being able to control one’s attention to override a strong internal or external
drive in order to do what is more appropriate (Carlson & Moses, 2001). Many studies have
focused on the analysis of response inhibition skills in preschoolers, because these skills
develop rapidly in early childhood (Carlson, 2005), and inhibition tasks are considered a
highly familiar task for children of this age, who, in fact, in the preschool setting, are often
requested to “inhibit” a prominent response (e.g., not to move/hit/shout, etc.) (Isquith et al.,
2004). Furthermore, the ability to inhibit a response has been found to predict school age
inhibitory control (Rohrer-Baumgartner et al., 2014; Breaux et al., 2016). For these reasons,
response inhibition is the measure considered in the present study, measured through the statue
task of the NEPSY, which was found to be a reliable task (Poutanen et al., 2016).

Working memory (WM) can be defined as a mental workspace that is used to manipulate
information and that might involve updating and elaboration processing (Engle et al., 1999).
Many studies have investigated the role of memory skills as domain-general cognitive
predictors of learning-related abilities. In this literature, the two terms, short-term memory
and working memory, are both used; short-term memory usually refers to a passive storage,
that is, information is deposited and reiterated, and working memory to a more active
component that involves manipulation of information. There is however evidence that the
distinction between the two constructs is not clear-cut and that there is a large overlap between
them (Cowan, 2008; Aben et al., 2012). In the present manuscript, we refer for consistency to
the term “Working Memory.”

Considering the relationships between EFs and language skills, a study by Slot & von
Suchodoletz (2018) confirmed previous literature that suggested a bidirectional relationship
between children’s EFs, measured through tasks of inhibition, shifting and working memory,
and language skills (vocabulary, grammar). Children with higher language skills at the
beginning of preschool showed larger gains in their EFs over the following 10 months.
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Likewise, children who started off with higher EFs exhibited larger gains in their language
skills in the following period, with language being a stronger predictor of EFs development
than vice versa. Gooch et al. (2014) found that individual differences in language and EFs
were strongly related and that weaknesses in EFs and motor skills were associated with
language impairment (see also Henry et al., 2012; Im-Bolter et al., 2006; Gooch et al., 2016).

Turning, more specifically, on the relationship between EFs and early literacy skills, findings
showed that EF tasks have domain-general predictive power for pre-academic abilities that are
less automatic and require more effortful processing of information, such as word writing at
preschool age (Schwarz & Shaul, 2018); in addition, it emerged that inhibition tasks that
involve a verbal component are more tightly related to early reading skills compared to non-
verbal inhibition tasks (Foy & Mann, 2013). However, literacy skills might be less related to
EFs when considering more automatized skills (e.g., letter knowledge, word recognition) (Blair
et al., 2015), but EFs turn out to bemeaningful predictors of higher order linguistic skills such as
reading comprehension (Nouwens et al., 2020). Phonological WM is highly related to
reading skills (Gathercole & Baddeley, 1993; Wagner & Torgesen, 1987), although it is
an object of debate whether phonological WM has a causal role in literacy development
or whether it involves, as reading skills do, access to representations that underlie
phonological awareness tasks (Melby-Lervåg et al., 2012). Furthermore, no evidence
of a clear relationship between visual-spatial WM and reading prerequisites was found,
although it has been suggested that it might have a more substantial role in writing and
orthographic skills (Bourke et al., 2014).

Considering numerical development, many studies have found that EFs play a strong
role in the early (Schmitt et al., 2017) and late development of math skills (Cragg et al.,
2017), as shown, for example, in children as young as 3 years old during quantity
comparison tasks with different loads on EFs (Prager et al., 2016). Espy et al. (2004)
found that, in preschoolers, WM and response inhibition were related to math ability, but
inhibition was the unique predictor after checking for the other EF skills and general
intelligence. Purpura et al. (2017) carried out a study on preschoolers in which a wide set
of numeracy predictors were tested (including subitizing, cardinality, number knowledge,
and story problems); they demonstrated that response inhibition was related to the
majority of the mathematical subdomains tested.

For numeracy skills, visual-spatial WM has been documented to be highly related to
calculation skills (Tobia et al., 2016), non-symbolic and written arithmetic and word problems
(Zhang & Lin, 2015), counting (Cirino, 2011), and magnitude judgements (Simmons et al.,
2012). Although some evidence has suggested that the individual components of WM are
related differentially to mathematics (Simmons et al., 2012; Wilson & Swanson, 2001), other
results noted that the whole WM system (rather than a specific memory process) is linked to
mathematical knowledge development (Simmons et al., 2008; Zhang et al. 2014). McKenzie
et al. (2003) showed that both verbal and visual-spatial WM skills were related to math skills in
8–9-year-old children, while math performance in younger children was mainly affected by
visual-spatial skills; the authors suggested that younger and older children make use of different
types of WM to solve sums. Further studies have evidenced that weaknesses in phonological
WM (Butterworth, 2005) lead to difficulties in storing and remembering arithmetic facts
(Koponen et al. 2007; Koponen et al., 2013; Simmons & Singleton, 2008; Swanson &
Sachse-Lee, 2001; Vanbinst et al., 2015). There is, however, contrasting evidence regarding
the predictive role of phonological skills in mathematical development (Passolunghi et al.,
2007). Finally, the role of EFs should be considered in relation to the stages of development and
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type of tasks (Cragg & Gilmore, 2014). There is some evidence that inhibition skills explain
more variance in younger children, particularly for procedural learning (Yang et al., 2019), and
it has been suggested that the importance of WM for reading decreased with age, whereas the
relationship between mathematics and WM increased (Willoughby et al., 2012).

Home literacy and home numeracy

The role of environmental variables in cognitive development has received progressively
increasing attention, also according to theoretical models such as neuroconstructivism
(Westermann et al., 2007), that emphasize reciprocal interactions between environmental,
genetic, and neurobiological domains. Many studies have addressed the role of home literacy
activities in literacy development (Evans et al., 2000; Foy & Mann, 2003; Hood et al., 2008;
Sénéchal & LeFevre, 2002; Stephenson et al., 2008) and that of home numeracy activities in
numerical development (Blevins-Knabe, & Musun-Miller, 1996; LeFevre et al. 2009;
Kleemans et al., 2012; Kleemans et al., 2016; Pan et al., 2006; Bernabini et al., 2020). Most
of the literature on home literacy and home numeracy was obtained by means of parents’ self-
report questionnaires (Sénéchal & LeFevre, 2002; LeFevre et al., 2009) suggesting that
parents’ reports can be considered suitable tools in this research field (Sim et al., 2019).

Currently, in the literature, the nature of the relationship between the home literacy
environment and early literacy skills is still under debate. Although researchers agree that an
enriched home literacy environment is positively related to early literacy abilities in children,
the precise causal patterns, mediators, and functions involved in this pathway are far from
clear. A possible limitation of previous studies addressing the direct link between home
literacy and children’s literacy skills was that a limited number of possible intervening
variables that might reduce or hamper the strength of the relationship was considered
(Carroll et al., 2019). The present study is aimed at examining relationships between home
environment and early literacy and numeracy skills when domain-general children’s cognitive
skills are also considered.

A relativelyminor number of studies have directly investigated the cross-domain effects of home
literacy on numeracy and those of home numeracy on literacy. The main issue is to understand
whether home learning experiences might have an effect on the development of early literacy and
math skills, independently from the specific typology of activity engaged with the children
(Melhuish et al. 2008; Skwarchuk et al., 2014), or rather, whether it is necessary to foster specific
abilities in the home environment in order to observe specific effects in each domain. For example,
Baker (2014) found that the home literacy environment was related to reading but not math
prerequisites in Mexican preschool children. In a study by Napoli & Purpura (2018), it emerged
that the home literacy environment was not broadly predictive of children’s literacy and numeracy
skills, but they found that the home numeracy activities predict a specific aspect of children’s literacy
development (vocabulary). On the counterpart, some studies have reported that math skills are
associated with home literacy experiences at least as strongly as with home numeracy experiences
(Anders et al., 2012; LeFevre et al., 2009; LeFevre et al., 2010b). Huntsinger et al. (2016)
demonstrated that home numeracy activities predicted both math and reading skills, both concur-
rently and longitudinally, whereas home literacy activities predicted reading scores concurrently. In
a large assessment study, Soto-Calvo & Sánchez-Barrioluengo (2016) found a strong relation
between home literacy tasks and mathematical achievement, with home literacy predicting math
scores even after controlling for the effects of early numeracy knowledge.
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Although findings showed mixed results about the cross-domain interactions between home
literacy, home numeracy, and children’s related skills, they reinforce the importance of assessing
the relationship between numerical and literacy development, considering both environmental
and individual factors (Anders et al., 2012; Bernabini et al., 2020; Bernabini et al., 2021).

The present study

The present study was aimed at evaluating concurrent cognitive and environmental predictors
of early literacy and numeracy skills in preschool children. More specifically, the novelty of
the study is the creation of a model that considers the influence of both environmental and
cognitive predictors of early literacy and numeracy skills in preschool children simultaneously.
This allows to evaluate common underpinnings and check for cross-domain interactions.
Specifically, the study included EF measures of WM skills (phonological and visual-spatial)
and response inhibition as domain-general skills; home literacy and home numeracy activities
were considered environmental variables. Also, socio-economic status and children’s age will
be considered control variables. These were included as concurrent predictors of early literacy
(vocabulary, phonological awareness, letter knowledge) and numerical skills (quantity com-
parison, digit knowledge) as dependent latent variables in a group of preschool children. Based
on previous literature, we expect from our model to find either domain-specific or cross-
domain concurrent predictors of early literacy and numerical skills and to disentangle the
differential role of environmental and cognitive factors. More specifically:

1. Among the domain-specific predictors, visual-spatial WM and home numeracy were
expected to be the main predictors of early numeracy skills (indexed by quantity com-
parison and number knowledge) and phonological WM and home literacy to be predictors
of early literacy skills (indexed by vocabulary, phonological awareness, and letter knowl-
edge), although a potential minor but significant role of phonological WM for numeracy
skills was foreseen (Simmons, & Singleton, 2008).

2. Among the cross-sectional predictors, response inhibition was expected to be a basic
shared predictor of both literacy and numeracy skills, considering the literature supporting
both the associations (Cragg & Gilmore, 2014).

3. For the environmental variables, we expected significant intra-domain associations (i.e.,
home literacy predicting early literacy and home numeracy predicting early numeracy),
but we also hypothesized a possible cross-domain effect of home numeracy on early
literacy skills and/or vice versa. The effects of cross-domain interactions of literacy and
numeracy activities on children’s literacy and math skills should support the idea of the
common underpinnings of the two domains.

Method

Participants

A total of 148 Italian monolingual children (mean age = 5.36 ± 0.28, range = 4.25–6.00;
females = 46.6%) attending a public all-day preschool program in Italy took part in this study.
None of the children had been referred to neuropsychiatric units for any range of
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developmental disorders or sensory or neurological impairments. The schools, located in a
suburban village in northern Italy, were involved in a project aimed at the early identification of
literacy and math prerequisites and risk factors. Children were recruited from four schools, with
a total of eleven distinct classrooms (range of children in each class: 6–23), that were part of the
same school district; the sample was relatively homogeneous for educational exposure, con-
sidering, among other aspects, that all the teachers received training on early literacy and math
skills within the project. The children were tested at the beginning of the third year of Infancy
School, a preschool program that involves children from 3 to 6 years old and does not provide
formal instruction in literacy or mathematical skills. All the tasks were administered in Italian.

The parents of all children involved in the study gave their informed consent, and the
research ethics committee of the local university approved the project.

Materials

Background information Information regarding the parents’ socio-educational level and
occupation were collected and scored, according to the Four Factor Index of Social Status
(SES) (Hollingshead, 1975) in order to achieve a composite score for each child’s SES. For the
present study, indexes of educational level (EL) and occupation (O) were used. A score from 1
to 7 was given for educational level and a score between 1 and 9 for occupation. SES scores
for fathers and mothers were then calculated according to the formula EL*3 + O*5, and a
compound SES score for children was derived from the mean of the two values.

Home literacy and home numeracy questionnaire A short questionnaire assessing home
literacy and home numeracy activities (see Appendix, see also Bernabini et al., 2020) was
administered to one of the parents, identified as the person who spends more time with the
child, usually the mother. We opted for a short questionnaire in order to encourage greater
adherence to the study, proposing a questionnaire that is easy to fill out by parents, and in line
with other studies that adopted a similar approach (Manolitsis et al., 2013; Stephenson et al.,
2008). The questionnaire was composed of 4 questions, which required a response on a five-
point Likert scale, on home literacy activities (e.g., “How often do you and your child sing
nursery rhymes?”) and 7 questions on home numeracy activities (e.g., “How often do you and
your child count objects aloud?”). Composite scores based on the sum of each subscale were
used in the analyses. Reliability for each scale was adequate (Home numeracy: Cronbach’s
alpha = .80; Home literacy: Cronbach’s alpha = .71).

Cognitive assessment A set of different subtests was administered to the children, and these
are described in the following paragraphs. All tasks were “child friendly” with animated
characters.

Early literacy and language skills The tasks used were taken from the Learning Difficulties
Indexes (IDA Battery, Bonifacci et al., 2015). The following tasks were used in the present
study:

1. Vocabulary. Children were asked to name 36 images disposed on 3 grids with 12 images
each selected for decreasing frequency in spoken language (Burani et al. 2001). The
accuracy score, ranging from 0 to 36 (1 point for each correct answer), was considered.
The Cronbach’s alpha of the scale was .85.
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2. Phonological Awareness. The battery included four different subtests aimed at assessing
phonological awareness: syllable blending (6 items), syllable segmentation (6 items), first
syllable recognition (4 items), and rhymes (4 items). Each item received a score of 1 for
correct responses and a score of 0 for incorrect answers, for a maximum total score of 20.
The value of Cronbach’s alpha was .84.

3. Letter Knowledge. Children were presented with a picture of a train with one letter (from a
to z) in each coach. The experimenter had to choose 4 letters within the child’s name
(familiar letters) and four letters chosen randomly that were not part of the child’s name or
surname (unfamiliar letters). The child was required to say the sound or the name of the
letter indicated by the experimenter. A score of 1 was given for each correct response for a
maximum score of 8. The Cronbach’s alpha of the scale was .70.

Early numeracy skills The tasks used were taken from the battery Number Sense: Prerequi-
sites (SNUP Battery, Tobia et al., 2018). This battery assesses early numeracy skills in
preschoolers. To be appealing to such young children, there is a main character, the dragon,
who guides children through the tasks. The following tasks were used in the present study:

1. Quantity comparison. Children were shown two illustrated baskets and were asked to
quickly choose the one with a greater number of fruits in it, without counting, therefore
relying on estimation processes. The number of fruits varied from 3 to 20, and the
difference in quantity between sets varied from 1 to 6 units. A total of 24 items was
presented. A score of 1 (correct answer) or 0 (wrong answer) was given for each item, for
a maximum total score of 24. There was a Cronbach’s alpha of .69.

2. Semantic knowledge of digits. (a) Recognition, (b) reading, and (c) number-quantity associa-
tion were assessed for digits 1 to 9. The task was organized as a game, similar to bingo. A card
containing the digits 1 to 9 randomly distributed on a grid among blank squareswas used for (a)
recognition and (b) reading tasks, together with a small bag containing nine number cards, each
representing a digit. For the digit (a) recognition task, children indicated on the card the digit
picked out of the bag and named aloud by the examiner. In the (b) digit reading task, children
were asked to pull out a number from the bag and read it aloud. For the (c) number-quantity
association task, children were provided with a card representing sets of elements (baskets of
fruit containing from 1 to 9 fruits); the examiner picked and named the nine number cards,
requesting the child to choose the set with the corresponding number of fruits. For each digit
correctly (a) recognized, (b) read, or (c) associated with a quantity, a score of 1 was given (total
score range: 0–27). The Cronbach’s alpha of the test was .93.

Working memory To assess working memory, a task on phonological working memory and a
task on visual-spatial working memory were selected, from the IDA and the SNUP battery,
respectively.

1. Visual-spatial memory. Children were asked to remember the position of one to four items
(drawings of the dragon SNUP) on 3 × 3 and 4 × 4 grids that were presented for 2 and 4 s,
respectively, and then covered. Items were presented in an order of increasing difficulty,
and a score of 1 was assigned for each item remembered in the correct position. The
maximum total score was 26; Cronbach’s alpha was .80.
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2. Phonological memory. Children were presented with a non-word repetition task of eight
non-words, two 2-syllable, two 3-syllable, two 4-syllable, and two 5-syllable items.
Incorrect repetitions were scored 0. A score of 2 was given for perfectly repeated non-
words, and a score of 1 was assigned when an articulatory error (mispronunciation of the
correct sound) was made. The total score ranged from 0 to 16, and the Cronbach’s alpha
of the scale was .72.

Inhibition The Statue subtest from the NEPSY (A Developmental NEuroPSYchological
Assessment) battery (Korkman et al., 1998; Italian adaptation: Urgesi & Fabbro, 2011) was
used as a measure of EFs and specifically of response inhibition. The child was required to
stand still in a position like a “statue” holding a flag over a 75-s interval while the trained
examiner performed four distractor cues: tapping or dropping a pen (after 5 s), coughing hard
(after 20 s), knocking his/her hand twice on the table (after 30 s), and clearing his/her throat
(after 50 s). The number of errors (intentional movements or spoken utterances) was recorded.
Visu-Petra et al. (2012) found that the Statue subtest of the NEPSY had the lowest loadings
onto a general linguistic factor of the NEPSY battery; this could be equally explained,
however, by its simple structure and strong reliance on the earlier maturing function of
response inhibition. The test–retest reliability value for children aged 5–6 years old is .79
(Brooks et al., 2009).

Procedure

All the tasks were administered individually by trained psychologists in a quiet room at the
children’s school, in a single session lasting about 40 min. The order of tasks was balanced
across participants. Breaks were allowed if the child showed signs of fatigue. Special attention
was given to ascertaining that children had correctly understood the instructions; verbal
instructions were minimized, and examples for each task were provided.

Data analysis

Pearson correlations between the main variables included in the study were performed. A
structural equation model (SEM; e.g., Kline, 2010) including a CFA and a path analysis was
applied using MPlus (Muthén & Muthén, 2010). The CFA identified two latent variables.
The first represents early literacy skills and includes vocabulary, phonological awareness,
and letter knowledge; the second factor, early math skills, includes the quantity comparison
and digit knowledge tasks. A path analysis was used to examine the relationship between
these latent dependent variables and the following potential predictors (observed variables):
age, SES, home activities in literacy and math as environmental aspects, and verbal and
visual-spatial memory, as well as response inhibition, as general cognitive aspects1. The
maximum likelihood estimation was used, and co-variation between the predictors was
considered a default option (Muthén & Muthén, 2010). The complete model tested is
presented in Fig. 1.

1 Gender was also included as a potential predictor in explorative analysis, resulting non-significant. It was not
considered in the final tested model.
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Multiple indices were used to evaluate models’ fit: chi-square test of model fit (χ2), root
mean square error of approximation (RMSEA), comparative fit index (CFI), Tucker–Lewis
index (TLI), and standardized root mean squared residual (SRMR). A non-significant chi-
square test of model fit, TLI, and CFI values equal to or higher than .90 indicate an acceptable
model fit; RMSEA and SRMR close to .06 and .08 or lower, respectively, indicate an
acceptable fit (Browne & Cudeck, 1993; Hu & Bentler, 1999; Marsh et al., 1988).

Results

Descriptive statistics and correlations among the observed variables are reported in Tables 1
and 2, respectively. As expected, there were significant correlations within domains. Looking
at correlations between literacy and numeracy skills, all the subtests were significantly related
to each other, although with differing degrees. The highest correlation was found between
digits and letter knowledge (r = .53, p < .01) and vocabulary (r = .43, p < .01), while medium
correlations were found between phonological awareness and numeracy factors (digit knowl-
edge: r = .32; quantity comparison: r = .36, p < .01) and between vocabulary and quantity
comparison (r = .36, p < .01). The lowest, but still significant, correlation was between
quantity comparison and letter knowledge (r = .23, p < .01).

Considering correlations among response inhibition, working memory, and literacy and
numeracy skills, a complex pattern emerged. Focusing on literacy skills, a significant rela-
tionship emerged between phonological awareness and phonological working memory (r =
.36, p < .001), which, in turn, was also significantly related to letter knowledge (r = .20, p <
.05) and vocabulary (r = .23, p < .01). Significant relationships also emerged between response
inhibition and phonological awareness (r = .24, p < .01) and vocabulary (r = .26, p < .01), but
not with letter knowledge. Finally, there was a significant relationship between visual-spatial
memory and letter knowledge (r = .22, p < .01).

Fig. 1 Model tested with structural equation modeling
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Turning to the numeracy domain, response inhibition was related to quantity comparison
skills (r = .18, p < .05), but not to digit knowledge. Both visual-spatial and phonological
working memory were significantly correlated with quantity comparison and digit knowledge
(r ranging from .22 to .28, all ps < . 01).

Home literacy and home numeracy scales were moderately related to each other (r = .65, p
< .01). Home literacy was related to both tasks of early numeracy (quantity comparison: r =
.23, p < .01; digit knowledge: r = .20, p < .05) and to letter knowledge (r =.26, p < .01) and
vocabulary (r = .21, p < .05), but not to phonological awareness. A similar pattern was
observed with home numeracy, related to all tasks (r ranging from .22 to .28, all ps < .01)
except phonological awareness. Neither home literacy nor home numeracy were significantly
related to SES, working memory, or response inhibition tasks.

To better understand the predictive power of cognitive and environmental variables, these were
entered into the structural equationmodel described in the data analysis. The SEM’s fit indices were
all acceptable:χ2(24) = 26.771, p = .315; RMSEA = 0.028 (90% confidence interval 0.000–0.076);
CFI = 0.987; TLI = 0.975; SRMR = 0.033. The correlation between the unique variances of letter
and digit knowledgewas allowed, as suggested byMPlus’s (Muthén&Muthén, 2010)modification
indices2 and supported by past literature on numeral and letter identification in early age (Neumann
et al., 2013). Such a minor structural modification is able to improve model fit by increasing the
proportion of explained variance, without changing the key conclusions about the adequacy of a
hypothesized structure in the description of the data (Bollen, 1989). The design effect was calculated
based on the variables’ intra-class correlations to check for possible nesting effects due to the
involvement of different classrooms; all the values resulted < 2 (Maas & Hox, 2005; Musca et al.,
2011; Muthén & Satorra, 1995), and the analysis was therefore conducted at the individual level.
Figure 2 describes the model fitted to the data and its standardized parameters. The hypothesized
paths from the observed variables to the two hypothesized latent variables were all significant.

Early literacy skills were significantly predicted by verbal memory and by response
inhibition. The math prerequisite factor was predicted by home activities in math, by both
verbal and visual-spatial memory and, marginally (p = .075), by response inhibition. The
model explained 40% and 50% of variance for literacy and math prerequisites, respectively.

2 Fit indices before the introduction of the correlation between letter and digit knowledge, suggested by the
modification indices, were as follows: χ2(25) = 39.685, p = .031; RMSEA = 0.064 (90% confidence interval
0.020–0.100); CFI = 0.929; TLI = 0.871; SRMR = 0.039.

Table 1 Descriptive statistics for the observed variables

Mean SD Range % children at floor (score = 0)

Socio-economic status 26.91 12.52 6-53 0
Phonological awareness 7.20 2.76 0-10 4.1
Vocabulary 32.59 3.11 13-36 0
Letter knowledge 4.11 2.88 0-8 12.8
Quantity comparison 21.72 1.87 16-24 0
Digits knowledge 21.58 6.03 0-27 0.7
Home activities in math 21.98 5.72 10-37 0
Home activities in literacy 12.51 3.41 4-20 0
Visual-spatial memory 19.42 3.51 8-26 0
Verbal memory 12.99 2.23 0-16 0.7
Response inhibition 11.22 1.55 5-18 0
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Discussion

This study was aimed at assessing cognitive and environmental predictors of early literacy and
numeracy skills in a group of preschoolers. Specifically, the study aimed to evaluate cross-
domain relationships of EFs, measured through response inhibition and working memory,
considered as candidates for domain-general predictors of learning prerequisites. Furthermore,
home literacy and home numeracy activities were included and collected through question-
naires from parents in order to consider the role of the home environment in early development
of literacy and numeracy skills, when considered in interaction with children’s cognitive skills.
The novelty of the study is, therefore, the creation of a model that considers the influence of
both environmental and cognitive predictors of early literacy and numeracy skills in preschool
children simultaneously.

Considering the pattern of results obtained from both correlational analyses and the SEM
model, a cross-domain interaction emerged between digit and letter knowledge. This pattern of
results is consistent with previous literature that demonstrated the interconnection between
literacy and numeracy domains (Neumann et al., 2013). In particular, this result emphasizes
the connection between verbal label and symbolic representation, which is involved both in
letter and number knowledge. Because numbers may be considered “special” letters, it might
be hypothesized that both could be considered indexes of symbolic processing or an indirect
index of exposure to print (Caravolas et al., 2005).

With reference to the pattern of cognitive predictors, it emerged from the SEM model
that response inhibition was a weak (p = .075) concurrent predictor of early numeracy.
When looking at simple correlation analyses among subtests, the results showed that
response inhibition was significantly related to the quantity comparison task, in line with
the study by Prager et al. (2016), but not to digit knowledge. On the counterpart, in the
literacy domain, response inhibition was a significant predictor of the early literacy

Fig. 2 Standardized model results. Arrows represent significant relationships: **p ≤ . 001; *p = .014; ap = 0.75.
The arrows above the latent variables represent the residual variance for the latent dependent variables
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factor, and correlations were significant with phonological awareness and vocabulary,
but not with letter knowledge. This pattern of results is somewhat different from that
observed in the study by Purpura et al. (2017), in which the authors found no correlation
between measures of EFs and phonological awareness, in line with Allan & Lonigan
(2011), but found, however, associations with print knowledge. As previously pointed
out, letter and number knowledge are thought to rely more on the broader capacity of
associating a verbal label with written signs. As suggested by Fuhs & McNeil (2013) and
Gilmore et al. (2013), response inhibition might be a powerful mediator of the relation-
ship between non-symbolic and symbolic processing. Other evidence revealed that, in
preschool years, there is a strong concurrent relation between language (including
phonological awareness and vocabulary tasks) and inhibition (Slot & von Suchodoletz,
2018, Gooch et al., 2014). Taken as a whole, these results suggest that inhibition is
strongly related to early literacy rather than math skills in preschool age.

The pattern of results regarding WM clearly showed that the visual-spatial component was
a significant predictor of early math skills, and the phonological component significantly
predicted early literacy skills. This supports previous studies that consistently found a rela-
tionship between phonological memory and literacy skills (Baddeley, 2003) and between
visual-spatial memory and the numeracy domain (Cirino, 2011). Furthermore, the present
results support the idea that phonological processing does indeed have a role in number
processing, at least at this developmental stage, an issue on which there are contrasting data
in literature; some research did not find a direct relationship (Tobia et al., 2016; Bonifacci et
al., 2016), whereas other studies did (Krajewski & Schneider, 2009).

Finally, considering the role of environmental variables, correlational analyses showed that
home literacy and home numeracy scales were significantly related to all numeracy and literacy
subtests, except for that testing phonological awareness. However, when variables were consid-
ered in the SEM, home numeracy activities were significant predictors of math prerequisites,
whereas home literacy had no relationship with either literacy or math prerequisites. This pattern
of results confirms previous studies that demonstrated how activities involving numeracy in the
home environment represent significant predictors of children’s numeracy skills in preschool
(Skwarchuk et al., 2014; Bernabini et al., 2020). On the contrary, it emerged that home literacy
activities, although related to literacy prerequisites at a correlational level, did not hold amajor role
in predicting math and literacy skills when included in a more structured model that accounts for
variance explained by other variables, such as children’s cognitive skills. These data should be
considered with caution since they seem to be in contrast with previous findings (e.g., Sénéchal &
LeFevre, 2002) which ascertained a strong link between home literacy environment and chil-
dren’s early literacy development. However, an attempt to explain the present finding might be
proposed, based on previous literature and cultural/contextual variable.

First, there are, for example, some contrasting results about the relationship between
home literacy and phonological awareness, with some studies that actually found rela-
tionships (Foy, & Mann, 2003; Inoue et al., 2018), whereas others did not (Senechal &
Le Fevre, 2002; Napoli & Purpura, 2018). Concerning cultural/contextual aspects, it has
to be emphasized that the present study was carried out on a population speaking a
highly transparent language (i.e., Italian), with high levels of grapheme–phoneme corre-
spondence and with a hypothetical difference in mother–child interaction, compared to
other cultures. Some studies have suggested that Italian mothers tend to hold the views
that child development is largely a natural process and that adults play only a small role
in child growth (New, 1994), but they are more likely to look at and talk to their young
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infants more frequently, as compared to American mothers (Richman et al., 1988), and
spend significantly more time in synchronous dyadic social exchanges with their infants
(Hsu & Lavelli, 2005). Girolametto et al. (2002) found that Italian mothers spoke more
quickly, used a wider vocabulary, and had more utterances than Canadian mothers.
These findings might contribute to suggest a differential role of the home literacy
environment in diverse cultural contexts. The hypothesis is that a spontaneously enriched
linguistic interaction in Italian mothers might reduce the additional influence of specif-
ically targeted literacy activities. On the contrary, this “verbal” cultural keenness does
not seem to be significant in prompting children’s numerical skills, which instead benefit
from specific teaching and stimulation through numerical-related activities at home.

It emerges that the home numeracy environment, on the other hand, is of specific impor-
tance for fostering children’s numerical development. This result is in line with past studies
investigating the role of home activities regarding numbers in preschoolers’ early numeracy
skills (e.g., Kleemans et al., 2012) and shows that this link is significant also when considering
the role of home literacy, as well as cognitive variables at child level, such as WM.

Within this framework, the absence of relationships between SES and cognitive perfor-
mance might be, at least in part, connected with cultural and contextual factors. A minor
predictive role of SES in Italy has been reported (OECD, 2019), with reported 8.9% of
explained variance in reading, thus minimizing the role of SES in explaining the pattern of
strengths and weaknesses in children’s performance. Another issue that should be considered is
that, in the present study, SES was tested through the evaluation of parents’ level of education
and employment. However, literature suggest that other more complex measures, which might
include income and home resources (number of books, etc.) (Broer et al., 2019), might allow for
a more precise measurement of the influence of SES on literacy and numeracy skills.

Another possible limitation of the present study concerns the evaluation of home literacy
and home numeracy as unitary constructs. The home literacy model (Sénéchal, 2006; Sénéchal
& LeFevre, 2002; Sénéchal et al., 2017) proposed a distinction between “code-related,” formal
activities (e.g., teaching letters) and meaning-related, informal activities (e.g., shared book
reading); the first are considered predictors of decoding skills and the second of comprehen-
sion processes. Considering home literacy as a unique dimension might have led to the loss of
information regarding differential effects of specific aspects of exposure (Foy & Mann, 2003)
or to the role of home literacy being underrated as a predictor of early literacy skills. A more
in-depth analysis of home literacy, with specific questions about the time spent reading or
writing words with children, should be carried out to better disentangle the differential aspects
of home literacy domains that might affect literacy development. Furthermore, it has to be
underlined that some authors suggested that parents’ reports might be affected by social
desirability (Sénéchal et al., 1998) and be biased by the abilities and interest of their child
(Carroll et al., 2019) or by their own literacy and numeracy skills (Puglisi et al., 2017; van
Bergen et al., 2017). Thus, a possible future direction of the present study is the measurement
of home literacy/numeracy only through parents’ reports together with the use of more
objective measures such as direct observation of parent–child interaction and including the
assessment of parents’ skills. In addition, home activities might not be entirely considered an
environmental measure because of a possible gene*environment interaction. However, an
important and original contribution of the present paper is to consider children’s own domain-
general cognitive skills, an aspect that has been largely under-investigated in this research area.

Finally, it should be added that the sample was relatively small, and results should be
replicated on a larger group of participants, which would make it possible to more
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extensively consider other potentially influencing variables, such as children’s gender
(Below et al., 2010). Furthermore, this study is cross-sectional, and data collected both
concurrently and longitudinally would give more information about the efficacy of the
predictors tested. In addition, for each of the domains considered, more tasks should be
included, for example, involving more measures of EF skills and measures of active
WM, as well as more tasks assessing different domains of literacy and numeracy skills,
such as measures that capture elements of children’s factual, conceptual, and procedural
knowledge (Cragg & Gilmore, 2014).

Despite these limitations, the results from the present study have shown that literacy and
numeracy skills in preschoolers are highly correlated and share some cognitive predictors, with
a significant role of EFs, particularly of verbal WM for both literacy and math domains and, to
a lesser extent, of inhibition skills. On the other hand, children’s abilities in the numeracy
domain have specific additional predictors; in particular, they also depend on the visual-spatial
WM and home numeracy environment, that is, on the number of activities that parents engage
in which are specifically related to number processing. Finally, the home literacy environment,
although partially correlated to early literacy and numeracy, did not result as a significant
concurrent predictor.

This is one of the first contributions that attempts to model cross-domain predictors of literacy
and numeracy prerequisites and that includes both children’s cognitive skills and their home
environment characteristics. The added value of the present contribution is that children’s verbal
memory skills and, to a lesser extent, response inhibition are important predictors of their early
literacy and numeracy skills and that these variables, together with possible cultural influences,
should be considered in future research that assesses the role of home literacy and numeracy in
children’s development. The present study also represents the first study to assess the relationship
between home literacy and numeracy and early literacy and numeracy skills in the Italian context,
adding evidence of cross-cultural importance of some domain-general predictors.

The attempt to simultaneously consider cross-domain interactions provides original insight into
the related but distinct nature of literacy and numeracy prerequisites, and implications for the
educational setting might be proposed. In particular, the fact that numeracy skills had additional
variance explained by home environment reinforces the importance of implementing intervention
programs aimed at enriching the numeracy domain. Considering the Italian gap in math scores
emerging from the PISA program (OECD, 2019), it is important for parents and educators, early on
from preschool years, to increase their math talk with children (e.g., naming prices, labels, and
measurements of quantities; using quantifiers, etc.), be involved in games involving counting and
simple calculation skills, and prompt the child with games where they are required to compare
quantities, in order to familiarize children with handling numerals. This study suggests that families
should be informed and sensitized about the importance of home environment activities, thus
fostering the connection between school and home contexts.
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Appendix. Questionnaire for parents on home literacy and numeracy
activities

Instructions
We ask you to think about your child’s behavior, and put a cross under “never,” “some-

times,” “often,” “very often,” or “everyday,” depending on how often you observe the
behavior described. How many times does your child do the following activities at home?
Rate your responses on the scale detailed below, from 1 (never) to 5 (everyday).

*Items from 1 to 7 refer to home numeracy and items 8 to 11 to home literacy activities.
Never Sometimes Often Very

Often
Every
day

1 Count objects 1 2 3 4 5
2 Read or write numbers 1 2 3 4 5
3 Use games (even on Tablet or PC) that use numbers 1 2 3 4 5
4 Use games that use dice 1 2 3 4 5
5 Repeat songs that contain numbers 1 2 3 4 5
6 Do activities that require putting objects into order of size

or length
1 2 3 4 5

7 Do simple calculations (2 + 1 = 3) in games or during other
daily activities

1 2 3 4 5

8 Read or write letters of the alphabet 1 2 3 4 5
9 Use games (even on Tablet or PC) that use letters 1 2 3 4 5
10 Repeat songs that contain rhymes 1 2 3 4 5
11 Read or tell stories 1 2 3 4 5

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article's
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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