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Development of Numeracy and
Literacy Skills in Early Childhood—A
Longitudinal Study on the Roles of
Home Environment and Familial Risk
for Reading and Math Difficulties
Jenni Salminen1*, Daria Khanolainen1, Tuire Koponen2, Minna Torppa1 and
Marja-Kristiina Lerkkanen1

1Department of Teacher Education, University of Jyväskylä, Jyväskylä, Finland, 2Department of Education, University of Jyväskylä,
Jyväskylä, Finland

This study examines the direct and indirect effects of home numeracy and literacy
environment, and parental factors (parental reading and math difficulties, and parental
education) on the development of several early numeracy and literacy skills. The 265
participating Finnish children were assessed four times between ages 2.5 and 6.5.
Children’s skills in counting objects, number production, number sequence
knowledge, number symbol knowledge, number naming, vocabulary, print knowledge,
and letter knowledge were assessed individually. Parents (N � 202) reported on their
education level, learning difficulties in math and reading (familial risk, FR), and home
learning environment separately for numeracy (HNE) and literacy (HLE) while their children
were 2.5 years old and again while they were 5.5 years old. The results revealed both
within-domain and cross-domain associations. Parents’mathematical difficulties (MD) and
reading difficulties (RD) and home numeracy environment predicted children’s numeracy
and literacy skill development within and across domains. An evocative effect was found as
well; children’s skills in counting, number sequence knowledge, number symbol
identification, and letter knowledge negatively predicted later home numeracy and
literacy activities. There were no significant indirect effects from parents’ RD, MD, or
educational level on children’s skills via HLE or HNE. Our study highlights that parental RD
andMD, parental education, and the home learning environment form a complex pattern of
associations with children’s numeracy and literacy skills starting already in toddlerhood.

Keywords: numeracy skills, literacy skills, familial risk, home numeracy environment (HNE), home literacy
environment (HLE)

INTRODUCTION

Early childhood and toddlerhood is the developmental stage when children develop at their fastest
rate and are most influenced by their environments (Gerber et al., 2010). This is also when the early
literacy and numeracy skills create a foundation for future reading and mathematical skill
development: Symbolic and nonsymbolic numeracy skills, assessed before school entry, have
been shown to predict later mathematical skills (Watts et al., 2014; Zhang et al., 2014; Koponen
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et al., 2016; Koponen et al., 2019; Schneider et al., 2017; Chu et al.,
2018; Geary et al., 2018), and early language and literacy skills
have been shown to predict reading skills (e.g., Torppa et al., 2010;
Ziegler et al., 2010; Psyridou et al., 2018; Hjetland et al., 2020).
Reading and mathematical development are deeply
interconnected processes, and emerging evidence reveals both
shared and unshared predictors of reading and mathematical skill
development (e.g., Purpura et al., 2011; Davidse et al., 2014;
Purpura and Ganley, 2014; Purpura et al., 2017a; Korpipää, 2020;
Vanbinst et al., 2020). At school age, the comorbidity of reading
difficulties (RD) and mathematical difficulties (MD) is also
common: The rate of the cooccurrence of these difficulties has
been estimated to be approximately 30–70% (Landerl and Moll,
2010; Moll et al., 2019). Although the estimates vary considerably,
existing evidence suggests that the likelihood of this comorbidity
is significantly higher than chance. However, as we still have
many unanswered questions about the very early development of
reading and mathematical skills, and their co-occurrence, more
research is needed.

This longitudinal study sets out to examine the development of
emerging literacy and numeracy skills during early childhood to
better understand the foundation for reading and mathematical
skills. We examine the cross-domain associations of literacy and
numeracy skills by focusing on the early development of several
important literacy and numeracy skills and the family factors
predicting them. We aim to add to the existing knowledge on the
underpinnings of literacy and numeracy development by
examining the roles of home numeracy (HNE) and literacy
environment (HLE), familiar risk (FR, due to parental RD
and/or MD), and parents’ education in children’s literacy and
numeracy development from age 2.5 to 6.5. To better understand
the developmental relationship between literacy and numeracy
abilities and the common and unique factors associated with each
domain, we will identify the within-domain and cross-domain
predictive associations between children’s skill development,
home environment, and parental RD and MD. Considering
that early experiences create a significant starting point for
young children’s skill development, longitudinal research
beginning with toddlers is particularly warranted, and existing
gaps in the literature show the need to gain new insights into early
predictors of literacy and numeracy skills (e.g., Napoli and
Purpura, 2018, p. 597; Esmaeeli et al., 2019, p. 2395). So far,
only a few studies have examined the effects of the HNE and HLE
on children’s literacy and numeracy skills with the effects of FR
for MD and RD from a longitudinal developmental perspective,
and they have been completed among older children and
adolescents (e.g., Khanolainen et al., 2020).

Home Learning Environment and its
Relation to Literacy and Numeracy Skills
The home learning environment (i.e., shared parent-child
activities at home) plays an important role in developing
literacy and numeracy skills (e.g., Scarborough and Dobrich,
1994; Sénéchal and LeFevre, 2002; Mol and Bus, 2011; Silver
et al., 2020). The home learning environment is often
conceptualized as including two domains: the home literacy

environment (HLE) and home numeracy environment (HNE)
(e.g., Napoli and Purpura, 2018), which have mainly been
examined separately as predictors of domain-specific skills
(literacy skills/reading or numeracy skills/math).

Previous research has revealed within-domain associations
showing that the HLE is related to literacy outcomes
(Scarborough and Dobrich, 1994; Sénéchal and LeFevre, 2002;
Evans and Shaw, 2008; Mol and Bus, 2011), and the HNE is
related to numeracy outcomes (e.g., Kleemans et al., 2012;
Susperreguy et al., 2020; Daucourt et al., 2021). Since the
number of studies on HNE and numeracy development has
only sparked off over the past 10 years (Daucourt et al., 2021
for meta-analysis), research focusing on the role of HNE in
children’s skill development remains less clear and conclusive
compared with studies on HLE. Some HNE studies have not
found a significant association between HNE and children’s
outcomes (e.g., Missall et al., 2015), while some other studies
have yielded mixed findings with positive associations between
HNE and skill development for certain items, but negative
associations for other items (e.g., Blevins-Knaube and Musun-
Miller, 1996; Skwarchuk, 2009; DeFlorio and Beliakoff, 2015).
Longitudinal studies starting in toddlerhood (Baker, 2014) and
later in preschool at age 3–5 (Melhuish et al., 2008) have reported
HLE predicting both reading and mathematical skills later in
school, and likewise, HNE predicting numeracy and definitional
vocabulary outcomes (Napoli and Purpura, 2018), suggesting that
HNE and HLE also relate to children’s cross-domain outcomes.
However, there is currently a lack of studies examining both HLE
and HNE and their within- and cross-domain associations using
the same dataset (as exceptions, Khanolainen et al., 2020;
Manolitsis et al., 2013; Napoli and Purpura, 2018), and thus it
is impossible to say whether the found cross-domain associations
are unique or whether they reflect a more general quality of home
environment and vanish when within-domain activities are
included. Activities at home can also be a proxy of family
resources and parents’ educational level. In line with this
suggestion, parental education is linked not only directly to a
child’s literacy and numeracy skills (e.g., Purpura and Reid, 2016;
Esmaeeli et al., 2018; Silinskas et al., 2020), but also to the home
environment, such as to the frequency of shared numeracy or
literacy activities (e.g., Thompson et al., 2017; Khanolainen et al.,
2020; Silinskas et al., 2020). For instance, Thompson et al.’s
(2017) study, comparing the relation between specific HNE
practices and children’s numeracy skills across preschool-aged
children (3 and 4 years old), indicated that children from families
with higher parental educationmay engage in moremathematical
activities than children from families with lower parental
education, particularly at younger ages. More studies are
needed to clarify the within- and cross-domain associations
between the home environment and children’s mathematical
and reading development. Of particular importance are
longitudinal studies that start early on, including both HLE
and HNE, parental education, and literacy and numeracy skills.

In the studies on HLE and HNE, activities in the home
environment have been further differentiated into separate
categories (e.g., Scarborough and Dobrich, 1994; Sénéchal and
LeFevre, 2002; Mol and Bus, 2011; Silver et al., 2020). Sénéchal
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and LeFevre (2002), as part of their Home Literacy Model, have
introduced two categories of activities for HLE: formal and
informal. Following their work, a similar model within the
context of HNE was developed and evaluated by Skwarchuk
et al. (2014). Formal activities are code-related activities that aim
to instruct children. Informal activities are various playful
activities involving print or numbers (e.g., shared reading or
measuring ingredients while cooking). Evidence is accumulating
to show that formal and informal activities contribute to
developing skills for both literacy and numeracy (Sénéchal and
LeFevre, 2014; Soto-Calvo et al., 2020) and that different practices
in the home environment may relate to children’s skills at various
ages (Thompson et al., 2017).

Previous studies suggest that informal HLE (e.g., shared
reading) and HNE practices (e.g., children’s exposure to
numeracy-related and play-based experiences and contents
such as playing games; counting and quantity comparison) are
more meaningful in supporting skill development in early
childhood (e.g., Sénéchal, 2006; LeFevre et al., 2009; Hamilton
et al., 2016; Thompson et al., 2017), possibly through their
associations with nonsymbolic numeracy skills (Skwarchuk
et al., 2014). Longitudinal studies in kindergarten through the
first years of primary school have shown that for HLEs, informal
literacy activities are associated with developing vocabulary
knowledge and reading comprehension (e.g., Sénéchal, 2006;
Torppa et al., 2007; Sénéchal et al., 2008; Sénéchal and
LeFevre, 2014). Simultaneously for HNE, in two cross-
sectional studies with 5 to 6 year olds, informal home
numeracy practices (i.e., children’s exposure to numeracy-
related content such as playing games) were shown to predict
children’s nonsymbolic arithmetic performance (e.g., Skwarchuk
et al., 2014; Mutaf Yildiz et al., 2020).

Only a handful of studies have included measures of informal
HNE and HLE as predictors of literacy and numeracy skill
development (e.g., Manolitsis et al., 2013; Susperreguy et al.,
2020), and none have begun the investigation with toddlers. In
the present study, we investigate the associations of informal
HNE and HLE with children’s literacy and numeracy
development in a longitudinal sample in early childhood (ages
2.5 through 6.5) to examine whether the within-domain and
cross-domain effects appear before children begin school in the
Finnish system.

Familial Risk for Reading and Mathematical
Difficulties and Relations to Literacy and
Numeracy Skills
Both RD and MD run in families (e.g., Snowling and Melby-
Lervåg, 2016). This means that the children born in families
where parents have difficulties in reading or mathematical skills
are at higher risk to develop such difficulties themselves. The
group of children with parental RD or MD are therefore often
referred to as familial risk (FR) group. RD is up to 4–10 times
more likely to occur in children with FR than in children without
it (Puolakanaho et al., 2007; van Bergen et al., 2014; Hulme et al.,
2015; Torppa et al., 2015; Esmaeeli et al., 2019). Parental MD
seems to influence children’s development in a similar manner,

although relevant research remains scarce (Shalev and Gross-
Tsur, 2001; Soares et al., 2018). It is possible that genetic FR has a
direct influence on children’s skills, but parental skills in reading
and math may also interact with the home learning environment
(Hamilton et al., 2016; Dilnot et al., 2017; Esmaeeli et al., 2018).
Without sufficient parental skills, the home learning environment
may not be as supportive (e.g., fewer activities where children can
learn literacy or numeracy skills) in the FR families. Parental RD
and MD have been shown to be transmitted through
environmental factors in some studies (Petrill et al., 2005;
Niklas and Scheinder, 2014; de Zeeuw et al., 2015; Hart et al.,
2016; van Bergen et al., 2017), while some other studies have not
found differences between the home environments of FR and
non-FR families (e.g., Elbro et al., 1998; Torppa et al., 2007;
Caglar-Ryeng et al., 2020). Although studies on the interaction of
FR and the HLE are emerging (e.g., Esmaeeli et al., 2019),
comparable research investigating the influence of FR on the
HNE is almost nonexistent, and the few existing studies (Silinskas
et al., 2010; Niklas and Scheinder, 2014; Khanolainen et al., 2020)
were conducted with kindergarten and primary school-aged
children and showed somewhat mixed results. In the study
by Khanolainen et al. (2020), neither MD nor RD predicted
the frequency of shared reading or parental teaching activities
at home when parental education was controlled for. At the
same time, Niklas and Schneider’s (2014) study showed that
certain informal HNE activities (e.g., playing dice, counting,
and calculation games) occurred less frequently in families
with MD compared with families without MD. Additionally,
Silinskas et al.’s (2010) study showed that mothers’ but not
fathers’ MD predicted their formal teaching of math in the
first grade, suggesting also the need to incorporate measures
of FR for both parents into studies investigating home
environment effects on children’s skill development (van
Bergen et al., 2017). Our study focuses on the early years
because that is when the associations between FR, HLE, HNE,
and children’s skills are likely to emerge (e.g., Hart et al., 2009;
Hart et al., 2016).

Children’s Skills and Evocative Effects With
Home Learning Environment
While it is widely acknowledged that both HLE and HNE
contribute to children’s literacy and mathematical outcomes,
children’s individual characteristics (i.e., their emerging literacy
and mathematical skills) may also shape the home learning
environment (Scarr and McCartney, 1983; Pomerantz and
Eaton, 2001). The term “evocative effect” refers to adults’
responses arising from their children’s characteristics, such as
skills or academic performance (Plomin et al., 1977; Scarr and
McCartney, 1983; Rutter et al., 2006; Silinskas et al., 2013).
Previous research among school-aged children has shown that
the child’s poorer academic skills and achievements may evoke
more parental academic involvement in both HLE and HNE
(Levin et al., 1997; Pomerantz and Eaton, 2001; Silinskas et al.,
2020). Additionally, children with higher pre-reading skills have
been shown to attract more frequent at-home reading activities by
parents (Silinskas et al., 2012).
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As FR operates through genes, it is also plausible that FR
impacts children’s skills and via children’s skills in the home
environment (e.g., Plomin et al., 1977; Rutter et al., 2006; Knafo
and Jaffee, 2013; van Bergen et al., 2014). The child’s skills are
likely to impact how often the child participates in various
learning activities (active effects on environment) and how
often parents engage in shared learning activities with the
child (evocative effects on environment). However, these
effects of children’s emerging skills have been mainly
examined at the age of kindergarten or school entry (e.g.,
Silinskas et al., 2010), leaving early childhood an
understudied area.

THE PRESENT STUDY

This longitudinal study focuses on literacy and numeracy
development during early childhood (from age 2.5–6.5). We
aim to add to existing knowledge on the underpinnings of
early literacy and numeracy development by examining the
roles of HNE, HLE, and FR for RD and MD, and parents’
education in children’s literacy and numeracy development in
early childhood. To better understand the developmental
relationship between literacy and numeracy skills and the
common and unique factors associated with each domain, we
will identify the within-domain and cross-domain predictive
associations between children’s skill development, home
environment, and parental factors (education, RD, and MD).

The research questions being studied are: 1) To what extent do
parental MD and RD and their education level predict a) their
children’s numeracy and literacy development in early childhood,
and b) HLE and HNE? 2) To what extent do HLE and HNE
predict children’s numeracy and literacy development in early
childhood? 3) To what extent do children’s early numeracy and
literacy skills predict HLE and HNE? 4) Are there indirect effects
from parental RD and MD and their educational level on
children’s numeracy and literacy development through the
home environment?

METHODS

Participants and Procedure
The data were collected as part of the VUOKKO follow-up study
(Lerkkanen and Salminen, 2015–2019). A sample of children
born in 2013 (N � 265; 138 male, 127 female), with their parents
and early childhood education and care (ECEC) educators were
recruited from one middle-sized city in Central Finland.
Children’s emerging math and literacy skills were assessed
four times during the follow-up: Twice at toddler age T1
(MAge 28.73 months, N � 228) and T2 (MAge 34.69 months,
N � 206), and twice further in later childhood T3 (MAge

64.71 months, N � 188); and T4 (MAge 70.83 months, N �
175). Parents reported on their education level and learning
difficulties in mathematics and reading (familial risk, FR) and
replied twice: T1 (N � 202) and T3 (N � 130). They also
responded to several questions on the home learning

environment, including items for numeracy (HNE) and
literacy (HLE).

Measures
Emerging Numeracy Skills
The following two tasks were administered at the first two time
points: counting objects and number production. These three
tasks were administered at all four time points: number sequence
knowledge, number symbol knowledge, and number naming.

Counting Objects
The child’s counting skills (i.e., order of the number words,
mastering the counting principles) were assessed with a
simple counting task (modified from Hannula and
Lehtinen, 2005). The task began with placing four wooden
buttons on the table in front of the child, with a piece of paper
blocking the visual field. The paper was removed, and the
child was asked to count how many buttons there were. If the
answer was correct, the child would be given 5, then 6, 8, 10,
and 12 buttons to be counted. If the child counted four
buttons incorrectly, the next trial was two, and if the child
further failed on two, the next trial was one button. Each item
included two trials. The highest number of correctly counted
buttons was used as the score for the counting objects task
(maximum nine points).

Number Producing
The “Give me X” task (Wynn, 1990; Wynn, 1992) was used to
tap children’s number concept skill. In this task, the child was
asked to pick up an amount of plastic figures from a box with
a lid on (e.g., Give me four strawberries). Before removing the
lid and giving the child a turn, the child was asked to confirm
how many strawberries they were supposed to give. The test
included eight items with increasing difficulty, and each item
included two trials. If the child failed in both trials for the
specific item, the task was terminated. The highest number of
correctly produced items produced the score used in the
analysis (maximum 19 points).

Number Sequences
The child’s skill in producing number sequences was measured
with a verbal task (Hannula and Lehtinen, 2005). The child was
asked “How long can you count?” and the child was allowed to
enumerate as many numbers as possible, starting from one. If the
child was reluctant or unable to start, the researcher modeled
numbers from one to twelve and gave a turn to the child. The
child had two trials, and the longer number sequence without
mistakes was considered the score for number sequence skills in
the analysis (maximum 50 points).

Number Symbol Identification
The child’s number symbol identification skill was assessed with a
task (Wright et al., 2006) in which the child was shown an A4-
sized paper with numbers 1–10 on it in a mixed order. The child
was asked to point where the requested number was. The test
proceeded in segments of three numbers; if the child knew at least
two number symbols, another set of three numbers was
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introduced. If these were correct, the child was introduced with a
paper with numbers from 11 to 20 on it. The third paper included
numbers from 22 to 50. If the child did not recognize at least two
numbers per sheet, the task was terminated. The number of
correct responses determined the score used for the analysis
(maximum 12 points).

Number Naming
Number naming skills were assessed with a task (Wright et al.,
2006) in which a deck of twelve cards with numbers on them was
spread on the table before the child. One number at a time was
pointed at, and the child was asked to tell the researcher what the
number was called. The task proceeded in segments of three
numbers. If the child knew two out of three numbers, three more
questions were introduced. If not, the task was terminated. The
number of correct responses determined the score used for the
analysis (maximum 12 points).

Emerging Literacy Skills
The following three measures on emerging literacy skills were
administered at all four time points: vocabulary, print knowledge,
and letter knowledge.

Vocabulary
The breadth of the child’s vocabulary was assessed with the
Peabody Picture Vocabulary Test-R (PPVT-Short: Dunn and
Dunn, 1981). In this task, the child was shown a set of 30 A4-
sized papers with four pictures on each. For each sheet of paper,
the child was told a word and asked to point out which picture
included the target word. The test included two practice items and
30 test items. Different words were used for T1 and T2 from T3
and T4 to better fit the measure for different age groups. The
number of correct responses was used as the score for the analysis
(maximum 30 points).

Print Knowledge
The child’s print knowledge was assessed with the print
awareness subtest of the Test of Preschool Early Literacy
(TOPEL; Lonigan et al., 2007). The child was shown a set of
12 A4-sized papers with four pictures on each. Pictures could
represent e.g., four different book covers, one with title written
with words, one with a price tag (number symbols), and two with
picture on the cover. The child’s task was to point a picture with
letters on it. There were twelve items in the actual test, and the
child went through them all in sequence, regardless of performance.
Number of correct responses was used as the score for the print
knowledge task (maximum 12 points, α � 0.56, 0.74, 0.71, and
0.66 for T1, T2, T3, and T4, respectively).

Letter Knowledge
Letter knowledge was assessed with two tasks: in T1 and T2 with
the VIIVI test (Torppa et al., 2006; Lohvansuu et al., 2021) and in
T3 and T4 with the ARMI test (Lerkkanen et al., 2006). In the
VIIVI letter naming task, the child was asked to name letters
written in capitals and presented one at a time on their own page.
The child was presented with 29 letters organized in four sets (6 +
6+4 + 13 letters). The child received one point for each correct

response (use of a phoneme or a letter name were both coded as
correct responses). The testing always began by presenting the
child with the letter expected to be most familiar to the child: the
first letter of the child’s own first name (maximum 29 points). The
ARMI test battery includes a naming test of all 29 letters in the
Finnish alphabet. The letters were presented as uppercase letters
in three rows and were shown to the child one row at a time. The
total score corresponded to the number of correctly named items
(maximum 29 points, α � 0.51, 0.72, 0.92, and 0.94 for T1, T2, T3,
and T4, respectively).

Parent Reported Learning Difficulties in Reading and
Mathematics
One parent per each participating child responded to the
questionnaire. These parents were asked to fill in a
questionnaire asking if they and/or the other parent of the
child had experienced learning difficulties 1) in reading or
writing, and 2) in mathematics or calculation. The
questionnaire included one question about their own
difficulties in reading or writing, one about their own
difficulties in mathematics or calculation, and the same two
items concerning the other parent. The parents answered each
question on a 3-point Likert scale (1 � no difficulties, 2 � some
difficulties, and 3 � clear difficulties). Variables for the analysis
were created based on recoding the self-reports and those of the
other parent into fathers’ and mothers’ RD and MD according to
a variable indicating which parent had completed the
questionnaire (mother or father). RD and MD variables were
then dichotomized so that parents who indicated either some or
clear difficulties were placed in the same group with difficulties.
20 (out of 208) mothers had reading difficulties and 32 (out of
207) had mathematical difficulties. 21 (out of 202) fathers had
reading difficulties and 14 (out of 200) had mathematical
difficulties.

Parent Reported Education
Parents were asked to indicate the level of their own vocational
education and that of the other parent on a five-point scale {1 �
no vocational education [3.4% (N � 7) of mothers and 9.4% (N �
19) of fathers], 2 � vocational school degree [30.4% (N � 63) of
mothers and 37.9% (N � 77) of fathers], 3 � vocational college
degree [3.4% (N � 7) of mothers and 6.4% (N � 13) of fathers], 4 �
polytechnic degree [31.4% (N � 65) of mothers and 22.7% (N �
46) of fathers], 5 � university degree [31.4% (N � 65) of mothers
and 23.6% (N � 48) of fathers]}. Variables for the analysis were
created based on recoding the self-reports and those of the other
parent into fathers’ and mothers’ vocational education, according
to a variable indicating which parent had completed the
questionnaire (mother or father).

Parent Reported Home Learning Environment
Home Literacy Environment
Informal HLE was documented with four shared reading items in
accordance with the Home Literacy Model (Sénéchal and
LeFevre, 2002). The parents were asked to report how often
they participated in the following activities: “viewing illustrations
in a book with the child,” “reading books to the child when they
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were going to bed,” “mother reading a book or magazine with the
child,” “father reading a book or magazine with the child.” They
responded to the items using a Likert scale (1 � Not at all or
rarely; 5 � Several times a day). Cronbach’s alpha reliability
coefficients indicated that the internal consistency of shared
reading was .84 at T1 and .81 at T3.

Home Numeracy Environment
Parents were asked to complete the home numeracy
questionnaire developed by LeFevre et al. (2009). There were
seventeen items on the scale to which parents responded using a
Likert scale (1 �Not at all or rarely; 5 � Several times a day). They
were asked to respond to the following question: “In the past
month, how often did you and your child engage in the following
activities?” Not all the items functioned well across the time
points of the study. Therefore, like LeFevre et al. (2009) and
Mutaf Yıldız et al. (2018) we dealt with numeracy environment
items by eliminating those that were rarely reported at each time
point by the parents (all items to which at least 80% replied
“never”). At T1, these seven items were excluded (in parentheses,
the percentage of “never” responses): “Printing numbers” (87%),
“Connect-the-dot activities” (100%), “Using number activity
books” (88%), “Being timed” (80%), “Having your child wear
a watch” (95%), “Talking about money when shopping” (84%),
and “Playing with calculators” (88%). At T3, two items were
discarded: "Having your child wear a watch” (88%) and “Playing
with calculators” (84%). Internal consistency of the retained
items was .77 (10 items) at T1 and .86 (15 items) at T3.
Following the example of earlier research (LeFevre et al., 2009;
Mutaf Yıldız et al., 2018), we then conducted principal component
analysis (PCA) with a varimax rotation to verify the factor structure
of the HNE. PCA at T1 generated a single factor, but the PCA
generated a two-factor solution in T3, which accounted for 46% of
the explained variance. This two-factor solution resembled the
factor structure identified by Hart et al. (2016). The only
difference from Hart et al. (2016) was that “being timed” loaded
on a different factor. Because of this, the same labels were used as
Hart et al. (2016): 1) formal numeracy environment and 2) informal
numeracy environment. In this study, we focused on informal
learning activities specifically, and we excluded the other items
from further analysis for this reason. For consistency, we included
the same HNE items at both time points. Therefore, the informal
numeracy activities included these five items at T1: “Playing card
games,” “Making collections,” “Playing board games with die or
spinner,” “Measuring ingredients when cooking,” and “Using
calendars and dates.” At T3, the same items were included along
with an additional item, “Talking about money when shopping”
(which was too rare to be included at T1). The Cronbach’s alpha
reliability coefficient was 0.60 at T1 and 0.70 at T3.

Statistical Analysis
The data were then analyzed as longitudinal path models using
Mplus Version 7.3. With these models, we can examine stability
over time, as well as the within-domain and cross-domain
predictive direct and indirect associations between the
measures, including both autoregressors and parental variables
as predictors.

Our analysis had two main steps. In the first step, we ran
models with only direct effect of parental variables on children’s
skills (research question 1a; Figure 1) and on environmental
variables (research question 1b; Figure 2).

In the second step, we included direct and indirect effects of
environmental factors and children’s skills simultaneously
(Figure 3). Eight models were fitted to the data in the second
analysis step, one for each skill assessed: counting objects, number
producing, number symbol identification, naming numbers,
number sequences, print knowledge, vocabulary, and letter
knowledge. We report models for each of the children’s skills
separately because the developing skills did not form a stable
factor structure across time. To minimize measurement error,
latent variables were created for the informal HLE and informal
HNE items. All four shared reading items were loaded as
indicators of the informal HLE latent factor at T1 and T3. The
five HNE items at T1 and the six HNE items at T3 were loaded as
indicators of the informal HNE latent factor.

The loadings for the HLE factors ranged between 0.665 and
0.858 at T1 and 0.597–0.806 at T3. The loadings for the HNE
factors varied between 0.298 and 0.686 at T1 and 0.503–0.806 at

FIGURE 1 | The base-model for parental measures predicting children’s
skills.

FIGURE 2 | The base-model for parental measures predicting HLE
and HNE.
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T3. The skill assessments and parental variables were added as
observed variables.

In the hypothesized model (Figure 3) we included stability
paths between each skill and between the HLE and HNE factors,
paths from parental variables to all T1 measures, and all cross-
lagged paths between measures at subsequent time-points. In
addition, specific paths from parental skills to children’s skills
were added for each individual skill model based on the step 1
models (please see Figures 1, 2, and Tables 3, 4). After fitting the
hypothesized model (Figure 3) the modification indices provided
by Mplus were inspected to identify possible reasons for a model
misfit. All paths with modification indices above 10.00 where
theoretically relevant were added to the models. Finally, we
performed mediation analysis by using the delta method
(MacKinnon, 2008).

RESULTS

Descriptive Statistics
Descriptive statistics for children’s skills and parental
questionnaires are reported for all the participants in Table 1.
The table shows the rapid development of the skills during the
follow-up period for all skills measured. It also shows the
considerable variability between children in the sample.
Among the youngest children (T1 and T2), three symbolic
measure distributions (letter knowledge, number naming, and
number symbol identification) were skewed to the right, as many
children did not yet have the knowledge or were still at the very
beginning of grasping symbolic knowledge. Therefore, in the
model estimation, we used the MLR estimator, which is robust to
the skewness of the distributions.

We began our analysis by checking for entry errors and
outliers. No errors were found, and the few identified outliers
(over three standard deviations from the mean) were
windsorized. We then examined the patterns of missing data.

Little’s MCAR tests were conducted with all measures, and the
missing data were found to be missing completely at random x2

(1,097) � 1,085.52, p � 0.592. In the models the missing values
were handled using maximum likelihood with robust standard
errors (MLR) in Mplus. Reliance on robust standard errors
provides more accurate results when data are incomplete and
non-normal (Savalei, 2010; Maydeu-Olivares, 2017). N � 196 in
all step 2 models with direct and indirect paths.

Table 2 reports Pearson correlation coefficients between all
study variables. Numeracy and literacy skills were found to be
significantly correlated within and across domains from T1
onward, but the correlations became stronger over time.
Similarly, HNE and HLE variables were significantly correlated
with each other, and there were significant correlations with skill
assessments both within and across domains. Finally, there were
some significant, albeit weak, correlation coefficients between
parental variables (education, parental RD, and MD), children’s
skills, and home environment variables.

The Longitudinal Models
In the models constructed at the first step of our analysis
(reported in Tables 3, 4), different parental variables
(education, RD, and MD) were significant predictors of both
children’s skills and environmental factors at different time
points. The models also showed significant stability
correlations in children’s skills and in HNE and HLE across
time. For research question 1a on the effect of parental variables
on children’s skill, please see more details for each skill in their
respective models below.

Regarding the effect of parental variables (education, RD, and
MD) on HLE and HNE (research question 1b), three types of
effects were found. First, mothers’ education positively predicted
T3 HLE (over and above HLE at T1), suggesting that the higher
the mother’s education level was, the more they increased shared
reading with their children from age 2.5–5.5 years. Second, the
fathers’ RD predicted less shared reading at home at T1. Third, a

FIGURE 3 | The base-model for each numeracy and language skill with direct and indirect paths. Note: In addition to the regression paths depicted, the models
included residual correlations between the variables in T1 and T3. In addition, specific paths from parental skills to children’s skills were added for each individual skill
model based on the step 1 models (Figures 1, 2, and Tables 3, 4).
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very weak effect (which in some of the step 2 models was barely
significant, and in some models fell just beneath the significance
level of 0.05) was found from mothers’ RD predicting less HNE
activities.

For the research question 2 on association between the home
environment and children’s skills and for the research question 3
on association between children’s skills and the home
environment, please see more details for each skill in their
respective models below.

The Model for Counting Objects
The model for counting objects (Figure 4) had an acceptable fit
with the data: x2 (199) � 240.60, p � 0.02, RMSEA � 0.03 (90% CI
0.01–0.05), CFI � 0.95, SRMR � 0.06. Of the parental variables,
having a mother with MD predicted faster development in

counting objects from T1 to T2. Of the home environment
factors, having more informal HNE activities at T1 predicted
faster development in counting objects from T1 to T2. Also,
children’s poorer performance in counting objects at T2 predicted
an increase in shared reading from T1 to T3.

The Model for Number Producing
The model for number producing (Figure 5) had a good fit with
the data: x2 (196) � 230.17, p � 0.05, RMSEA � 0.03 (90% CI
0.00–0.04), CFI � 0.96, SRMR � 0.05. None of the parental
variables predicted their children’s number producing.
However, of the home environment factors, more frequent
informal HNE activities at T1 predicted faster development of
number-producing skills from T1 to T2. Children’s number-
producing skills did not predict home environment factors.

TABLE 1 | Descriptive statistics for all variables across time.

N Minimum Maximum Mean Sd Skewness Kurtosis

Numeracy skills (raw scores)
Counting objects
T1: 2.5 years 226 0 8 1.87 1.87 0.77 −0.55
T2: 3.5 years 203 0 9 3.31 3.31 0.41 −0.68

Number production
T1: 2.5 years 228 0 8 1.19 1.44 1.30 2.80
T2: 3.5 years 204 0 9 2.12 1.85 0.97 1.82

Number sequences
T1: 2.5 years 225 0 11 2.52 3.02 1.23 −0.53
T2: 3.5 years 204 0 19 4.09 4.45 1.21 −0.98
T3: 5.5 years 186 0 50 29.43 15.63 0.20 −1.38
T4: 6.5 years 173 5 50 34.49 14.00 −0.19 −1.46

Number symbol identification
T1: 2.5 years 226 0 9 0.38 1.08 4.98 30.92
T2: 3.5 years 204 0 10 0.72 1.66 3.59 14.69
T3: 5.5 years 188 0 12 8.19 3.57 −0.74 −0.57
T4: 6.5 years 175 0 12 9.65 2.86 −1.26 0.75

Number naming
T1: 2.5 years 226 0 6 0.43 1.04 3.30 11.88
T2: 3.5 years 204 0 7 0.82 1.38 2.39 6.13
T3: 5.5 years 187 0 12 8.19 3.50 −0.64 −0.69
T4: 6.5 years 174 0 12 9.76 2.84 −1.20 0.56

Literacy skills (raw scores)
Vocabulary
T1: 2.5 years 227 0 18 9.57 3.00 −0.01 0.69
T2: 3.5 years 204 2 22 11.57 3.30 0.32 0.44
T3: 5.5 years 188 5 25 15.52 3.40 0.18 0.06
T4: 6.5 years 175 9 25 18.03 3.34 0.18 −0.27

Print knowledge
T1: 2.5 years 227 0 9 3.17 2.06 0.64 0.20
T2: 3.5 years 206 0 12 3.72 2.27 0.79 0.73
T3: 5.5 years 188 3 12 9.65 2.25 −0.87 −0.09
T4: 6.5 years 175 6 12 10.90 1.56 −1.54 1.39

Letter knowledge
T1: 2.5 years 227 0 22 0.87 3.46 5.08 25.98
T2: 3.5 years 205 0 27 1.51 4.55 4.35 19.14
T3: 5.5 years 188 0 29 16.62 9.60 −0.39 −1.28
T4: 6.5 years 175 0 29 19.28 9.16 −0.68 −0.94

Informal home numeracy environment (sum scores)
T1: 2.5 years 202 1 3.33 1.44 0.42 1.23 1.97
T3: 5.5 years 130 1.17 4.67 2.02 0.54 1.36 4.15

Informal home literacy environment (shared reading) (sum scores)
T1: 2.5 years 202 1.25 5 3.35 0.91 −0.23 −0.72
T3: 5.5 years 123 1 5 2.90 0.80 −0.12 −0.21
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TABLE 2 | Correlations between all variables.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Skills T1: 2.5 years

1. Count obj 1

2. Num prod 0.27 1

3. Num seq 0.55 0.31 1

4. Num id 0.20 0.15 0.27 1

5. Num nam 0.41 0.24 0.36 0.61 1

6. Vocab 0.31 0.37 0.29 0.11 0.17 1

7. Print know 0.32 0.21 0.31 0.24 0.26 0.33 1

8. Letter know 0.23 0.17 0.18 0.58 0.69 0.12 0.24 1

Skills T2: 3.5 years

9. Count obj 0.44 0.34 0.46 0.28 0.39 0.25 0.25 0.21 1

10. Numb prod 0.42 0.46 0.41 0.34 0.37 0.30 0.34 0.26 0.42 1

11. Numb seq 0.36 0.21 0.41 0.29 0.31 0.30 0.27 0.24 0.45 0.28 1

12. Numb id 0.21 0.27 0.25 0.68 0.64 0.16 0.21 0.55 0.24 0.38 0.26 1

13. Numb nam 0.31 0.21 0.33 0.57 0.65 0.11 0.28 0.55 0.35 0.39 0.28 0.65 1

14. Vocab 0.27 0.30 0.27 0.20 0.28 0.45 0.30 0.24 0.28 0.25 0.36 0.27 0.25 1

15. Print know 25 0.12 0.25 0.29 0.24 0.21 0.35 0.24 0.18 0.28 0.32 0.33 0.38 0.29 1

16. Letter know 0.26 0.17 0.28 0.72 0.75 0.13 0.28 0.76 0.25 0.38 0.28 0.73 0.68 0.25 0.35 1

Skills T3: 5.5 years

17. Numb seq 0.30 0.30 0.23 0.20 0.21 0.21 0.29 0.23 0.38 0.30 0.37 0.34 0.31 0.26 0.17 0.28 1

18. Numb id 0.31 0.23 0.17 0.17 0.17 0.21 0.26 0.19 0.28 0.32 0.31 0.28 0.33 0.25 0.24 0.24 0.68 1

19. Numb nam 0.26 0.23 0.18 0.14 0.17 0.23 0.22 0.14 0.26 0.27 0.33 0.26 0.28 0.25 0.22 0.22 0.68 0.89 1

20. Vocab 0.28 0.31 0.20 0.13 0.14 0.37 0.30 0.02 0.07 0.24 0.29 0.24 0.12 0.43 0.23 0.12 0.22 0.22 0.25 1

21. Print know 0.24 0.20 0.19 0.13 0.13 0.21 0.32 0.14 0.07 0.20 0.22 0.17 0.24 0.19 0.25 0.19 0.34 0.46 0.51 0.37 1

22. Letter know 0.25 0.30 0.33 0.20 0.26 0.20 0.22 0.24 0.23 0.29 0.26 0.30 0.33 0.19 0.21 0.31 0.50 0.64 0.65 0.33 0.44 1

Skills T4: 6.5 years

23. Numb seq 0.20 0.25 0.13 0.13 0.12 0.27 0.26 0.11 0.21 0.32 0.35 0.26 0.28 0.27 0.26 0.19 0.69 0.64 0.65 0.25 0.41 0.57 1

24. Numb id 0.28 0.26 0.16 0.10 0.17 0.28 0.30 0.16 0.21 0.24 0.30 0.18 0.29 0.18 0.19 0.20 0.57 0.78 0.79 0.27 0.49 0.63 0.67 1

25. Numb nam 0.20 0.23 0.13 0.11 0.15 0.28 0.27 0.14 0.12 0.14 0.29 0.21 0.31 0.25 0.20 0.23 0.57 0.70 0.76 0.24 0.44 0.55 0.64 0.84 1

26. Vocab 0.41 0.32 0.28 0.08 0.20 0.35 0.22 0.09 0.26 0.34 0.32 0.07 0.11 0.39 0.16 0.15 0.18 0.29 0.28 0.57 0.34 0.36 0.25 0.32 0.19 1

27. Print know 0.07 0.13 0.08 0.03 0.03 0.16 0.14 0.01 0.19 0.08 0.18 0.07 0.19 0.22 0.19 0.07 0.22 0.31 0.27 0.26 0.49 0.26 0.27 0.36 0.31 0.32 1

28. Letter know 0.32 0.27 0.34 0.16 0.24 0.21 0.26 0.21 0.24 0.30 0.34 0.25 0.31 0.21 0.25 0.27 0.52 0.67 0.68 0.34 0.47 0.95 0.58 0.69 0.59 0.41 0.28 1

Home environment and familial risk measures

29. HNE T1 0.26 0.15 0.27 0.17 0.28 0.05 0.21 0.30 0.31 0.32 0.26 0.19 0.28 0.23 0.17 0.25 0.09 0.09 0.05 0.08 0.09 0.06 0.05 0.12 0.04 0.15 0.13 0.08 1

30. HNE T3 0.12 −0.02 0.10 −0.07 0.10 0.07 0.06 0.05 0.02 −0.06 0.14 −0.08 −0.07 0.18 0.12 −0.00 0.02 0.03 0.05 0.15 0.04 0.00 0.01 0.06 0.12 0.13 0.11 0.01 0.34 1

31. HLE T1 0.04 0.09 0.06 0.01 0.11 0.06 −0.04 0.10 0.06 0.10 0.15 −0.01 0.01 0.11 0.07 0.00 0.02 0.12 0.12 0.05 0.05 0.21 0.16 0.13 0.10 0.16 −0.18 0.22 0.24 0.18 1

32. HLE T3 0.03 0.08 −0.06 0.08 0.20 0.08 −0.04 0.17 −0.12 0.14 −0.08 0.15 0.01 −0.00 0.06 0.17 −0.06 −0.00 0.01 0.17 −0.10 0.20 0.09 0.09 0.06 0.16 −0.01 0.20 0.12 0.29 0.61 1

33. FR Mo Re −0.07 −0.09 −0.07 0.12 −0.02 −0.12 −0.03 0.04 −0.07 −0.15 −0.01 0.02 0.00 −0.12 0.03 0.01 −0.13 −0.18 −0.14 −0.04 −0.02 −0.05 −0.20 −0.19 −0.19 −0.15 −0.03 −0.10 −0.06 −0.02 0.02 0.10 1

34. FR Mo Ma −0.07 −0.15 −0.07 0.06 −0.03 −0.11 0.01 −0.01 0.08 −0.06 0.01 0.01 0.01 −0.04 −0.06 −0.04 −0.08 −0.09 −0.08 −0.12 −0.14 −0.05 −0.16 −0.13 −0.13 −0.13 −0.00 −0.08 −0.09 0.02 −0.09 −0.13 0.40 1

35. FR Fa Re −0.05 −0.10 −0.09 −0.04 −0.10 −0.06 0.01 −0.08 −0.03 −0.09 −0.11 −0.10 −0.03 0.04 −0.02 −0.11 −0.11 −0.10 −0.11 −0.08 −0.09 −0.19 −0.20 −0.17 −0.16 −0.05 0.15 −0.19 0.00 −0.11 −0.18 −0.23 −0.05 0.19 1

36. FR Fa Ma −0.15 −0.14 −0.10 −0.10 −0.04 −0.11 −0.13 −0.06 0.03 −0.08 −0.03 −0.05 −0.04 −0.10 −0.12 −0.07 −0.15 −0.22 −0.23 −0.13 −0.18 −0.27 −0.18 −0.33 −0.30 −0.13 −0.07 −0.27 −0.02 0.06 −0.06 −0.09 0.12 0.29 0.29 1

37. Mo Ed 0.09 0.14 0.05 0.05 0.12 0.16 0.08 0.16 0.15 0.09 0.19 0.08 0.09 0.17 0.13 0.09 0.14 0.08 0.09 0.22 0.06 0.22 0.19 0.11 0.07 0.22 0.18 0.25 0.08 0.00 0.16 0.28 −0.24 −0.46 −0.17 −0.12 1

38. Fa Ed 0.13 0.00 0.09 0.00 0.07 0.19 0.10 −0.00 0.08 0.13 0.22 0.05 0.02 0.11 0.16 0.02 0.11 0.08 0.10 0.20 0.11 0.15 0.28 0.17 0.17 0.16 0.10 0.18 0.05 −0.09 0.09 0.09 −0.08 −0.15 −0.18 −0.17 0.53

Note. Count obj � counting objects; Numprod � number producing; Num seq � number sequences; Num id � number symbol identification; Num nam � number naming; Vocab � vocabulary; Print know � print knowledge; Letter know � letter
knowledge. Significance levels: rs > 16, p < 0.05, rs > 17, p < 0.01, rs > 0.26, p < 0.001.
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The Model for Number Sequence Skill
The model for number sequence skill (Figure 6) had a good fit
with the data: x2 (241) � 263.30, p � 0.15, RMSEA � 0.02 (90% CI
0.00–0.04), CF I � 0.98, SRMR � 0.06. Of the parental variables,
fathers’ RD predicted significantly, albeit weakly, slower number
sequence development from T3 to T4. No predictive associations
were found between home environment factors and number
sequencing skill. Children’s poorer number sequence skill at
T2, however, predicted an increase in shared reading from T1
to T3.

The Model for Number Symbol Identification
The model for number symbol identification (Figure 7) had a
good fit with the data: x2 (238) � 266.95, p � 0.10, RMSEA � 0.02
(90% CI 0.00–0.04), CFI � 0.97, SRMR � 0.06. Of the parental
variables, fathers’ MD predicted significantly, albeit weakly, their
children’s number symbol identification skills. The children of
the fathers who reported MD had poorer number symbol
identification skills at T1 than the children whose fathers did
not report MD. No predictive associations were found between
home environment factors and number symbol identification.
Poorer number symbol identification skills at T2, however,
predicted an increase in informal HNE activities from T1 to T3.

The Model for Number Naming
The model for number naming (Figure 8) had a good fit with the
data: x2 (238) � 263.67, p � 0.12, RMSEA � 0.02 (90% CI
0.00–0.04), CFI � 0.97, SRMR � 0.06. Of the parental
variables, fathers’ and mothers’ RD predicted significantly,
albeit weakly, their children’s number naming at T1. The path
estimates were negative, suggesting that the children with
parental RD had poorer skills in number naming than their
peers whose parents did not have RD. Also, fathers’MDpredicted
poorer development in their children’s number naming from T3
to T4. No predictive associations were found between home
environment factors and number naming skill assessments.
Children’s number naming skills did not predict home
environment factors.

The Model for Vocabulary
The model for vocabulary (Figure 9) had a good fit with the data:
x2 (242) � 279.49, p � 0.05, RMSEA � 0.03 (90% CI 0.00–0.04),
CFI � 0.96, SRMR � 0.06. There were no significant associations
between vocabulary and the other variables in the model.

The Model for Print Knowledge
The path model for print knowledge (Figure 10) had a good fit
with the data: x2 (241) � 266.94, p � 0.12, RMSEA � 0.02 (90% CI
0.00–0.04), CFI � 0.97, SRMR � 0.06. Of the parental variables,
mothers’ RD predicted significantly, albeit weakly, their children’s
print knowledge at T1. The path estimate was negative, suggesting
that with mothers’ RD, the children had poorer print knowledge
than their peers whosemothers did not have RD. However, fathers’
RD predicted faster development in print knowledge from T3 to
T4. No predictive associations were found between home
environment factors and print knowledge. Children’s print
knowledge did not predict home environment factors.

The Model for Letter Knowledge
The path model for letter knowledge (Figure 11) had an acceptable
fit with the data: x2 (237) � 306.26, p � 0.002, RMSEA � 0.04 (90%
CI 0.02–0.05), CFI � 0.95, SRMR � 0.06. Of the parental variables,
mothers’ education, fathers’ MD, and both fathers’ and mothers’
RD predicted significantly, albeit weakly, their children’s letter
knowledge at T1. Fathers’MDnegatively predicted children’s letter
knowledge at T3, while mothers’ MD negatively predicted
children’s letter knowledge at T2. The children whose parents
reported difficulties were more likely to perform worse in letter
knowledge than their peers with parental RD orMD. No predictive
associations were found between home environment factors and
letter knowledge assessments. Children’s poorer letter knowledge
at T2, however, predicted more numeracy activities at home at T3.

Indirect Paths
Regarding the indirect effects from parental variables on
children’s numeracy and literacy development through the
home environment (Research question 4), we did not find any
significant mediation effects. In the step 2 models (Figures 4–11),
all significant paths identified in step 1 from any of the parental
measures to letter knowledge at T2-T4 became nonsignificant
after adding the HLE and HNE factors at step 2. Similarly, the
effects of mother’s RD on number production, number
identification, and number sequences became nonsignificant
after adding the HLE and HNE factors. The same was true for
the effect of father’s RD on number sequences and for the effect of
mother’s education on counting objects. These findings suggest
that the small impact of parental measures on children’s skills
may be mediated via home environment. However, none of the
indirect effects from parental measures via HLE or HNE to
children’s skills were found to be significant (research question
4, Table 5), which suggests that the impact of parental measures
of children’s skills through home environment was not
significant.

DISCUSSION

The main objective of this study was to gain more understanding of
the underpinnings of children’s early literacy and numeracy
development by examining the roles of the home numeracy
(HNE) and literacy (HLE) environment, parental RD and MD,
and parents’ education in an early onset longitudinal sample of
Finnish children (followed from age 2.5–6.5). The results showed
that of the parentalmeasures, parental RD andMDsignificantly, albeit
weakly, predicted several of their children’s skills at different ages and
both within and across domains, while parental education weakly
predicted only early letter knowledge. Parental RD and MD had
significantly weak negative associations with the home environment
measures, while mother’s education positively predicted HLE. The
HNE and HLE activities were reciprocally associated with children’s
skills both within and across domains. This suggests both a supportive
role for the HNE and HLE activities but underlines the role of
children’s skills in arousing the activities with their parents
(potentially reflecting both active and evocative gene-environment
correlations).
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Parental Math and Reading Difficulties and
Their Education Level Predicted Children’s
Numeracy and Literacy Skills
Regarding research question 1a on the role of parental measures
on children’s skills, our models revealed both within-domain and
cross-domain effects of parental RD and MD on children’s skills.
All but two skills (number producing and vocabulary) were
predicted by parental RD and/or MD. Some associations
emerged as early as age 2.5: namely, mother’s RD predicting
children’s T1 print knowledge, letter knowledge, and number
naming skills, and father’s MD predicting T1 number symbol
identification skills. At the same time, mothers’ and fathers’ RD
predicted number naming at age 2.5 and fathers’ RD predicted
number sequence knowledge at age 6.5. Age 2.5 letter knowledge
was predicted not only by the mother’s RD but also by the father’s
RD and MD. The impact of parental RD on children’s literacy
skills lends support for prior studies on the significant role of FR
with RD (Puolakanaho et al., 2007; Torppa et al., 2010; van
Bergen et al., 2014; Esmaeeli et al., 2019). In line with Torppa et al.
(2010), the results of the current study imply that the predictive
role of parental RD on emerging literacy skills already exists in
toddlerhood, adding a risk for children’s skill development during
a sensitive period of language development. ParentalMDpredicted
their children’s poorer symbolic numeracy processing, which is in
line with prior studies (Shalev and Gross-Tsur, 2001; Soares et al.,
2018). The results, however, add to the prior literature by showing a
cross-domain association between parental RD and MD and
emerging numeracy and literacy skills, suggesting that RD and
MD have both common and distinct underpinnings (e.g., Landerl
and Moll, 2010) with an early onset. Literacy and numeracy
development rely on many of the same cognitive processes
(Korpipää et al., 2017), but their intergenerational transfer has
hardly been examined and explained.

Some effects between parentalMDand children’s skills emerged
later in development. Mothers’ MD predicted children’s counting
skills at age 3.5, while fathers’ MD predicted children’s letter
knowledge at ages 2.5 and 6.5. The results show significant
within and cross-domain associations between MD and
numeracy and literacy skills, which have also been found with a
sample of children in primary school: In their study, Khanolainen
et al. (2020) showed that parental MD predicted both children’s
reading comprehension and arithmetic fluency. The findings of the
current study emphasize that similar cross-domain FR might
already be true before school age with children’s emerging
literacy (letter and print knowledge) and numeracy (counting
skills and number sequence skills). The predictive association
between parental skills and children’s letter name knowledge is
interesting, as letter name knowledge has been identified as a strong
predictor of RD (e.g., Pennington and Lefly, 2001; Puolakanaho
et al., 2007). Together, the results point to the importance of FR in
children’s literacy and numeracy development well ahead of school
entry, and more research is warranted on the mechanisms through
which such effects emerge, particularly for the effects of parental
MD, which is yet hardly investigated.

Regarding parental education, there was only one significant
association with children’s skills: that of mother’s education to

age 2.5 letter knowledge. This finding is in line with prior studies
(e.g., Esmaeeli et al., 2018) reporting an association between
parental education and children’s emergent literacy. Also, a
prior Finnish study by Silinskas et al. (2020) suggested that
maternal education is linked with child outcomes. In our
sample, there were also other significant correlation
coefficients between parental education and children’s skills,
but in the models where parental RD and MD were also
included, the effects of parental education became
nonsignificant. This finding points to the direction that the
often-reported association between parental education and
their children’s skill development may be explained by
parental skills, that is, the intergenerational transmission of
RD and MD (e.g., van Bergen et al., 2017). In a recent study
by Khanolainen et al. (2020) among school-aged children,
however, parental education remained a significant predictor
of children’s skill even with parental MD and RD variables in
the models. Like ours, Khanolainen et al.’s (2020) study was also
conducted in Finland, but the differences in sample, age, or the
skills assessed may explain the difference and further studies are
needed. Such studies should preferably have parental skills
directly assessed instead of self-reported like the studies so far.
Based on the findings, it thus appears that, of the parental
measures, it is parental skills rather than their educational
level underlying their children’s early skill development.

Parental Reading Difficulties and Their
Education Level Predicted Home Literacy
and Numeracy Environments
Regarding research question 1b, parental RD negatively predicted
both HNE and HLE. The associations between fathers’ RD and the
home learning environmentwerewithin-domain, whereas association
for mothers’ RD appeared to impact across domains. Also, mothers’
level of education positively predicted HLE activities at T3.

First, fathers’ RD predicted less shared reading at home, thus
resonating with some studies showing that children whose parents
have FR of RD might be exposed to more unsupportive home
environments (e.g., less shared reading) than children with parents
without FR of RD (e.g., van Bergen et al., 2014; Dilnot et al., 2017).
The finding can be explained by the lack of access to print materials
because of parents reading less themselves, but parental attitudes or
dispositions (e.g., reading anxiety) may also play a role. A recent
study in foreign-language learning suggested that parents with
higher levels of anxiety might engage less in HLE activities with
children, thus minimizing their child’s experience in using a
foreign language (Chow et al., 2017). Furthermore, studies that
look closely at the reading interactions are, however, needed to
understand the reasons for this association more deeply.

Second, a weak effect (which in some models was barely
significant and in others fell just beneath the significance level
of 0.05) was found from the mother’s RD predicting fewer HNE
activities. This finding is among the first to show a predictive
cross-domain association between RD and HNE. A possible
explanation for the finding is that, albeit relating to numeracy
in terms of content, several of the informal HNE activities used in
the current study also included activities that would simultaneously
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TABLE 3 | The standardized model estimates for parental measures predicting children’s skills.

Skill T1 Skill T2 Skill T3 Skill T4 Model fit

Counting objects (effective N � 188)
Autoregressor T1 — 0.48*** — — Saturated model
Mother’s education 0.00 0.21* — —

Father’s education 0.11 −0.08 — —

Mother RD −0.09 −0.09 — —

Father RD −0.00 −0.06 — —

Mother MD 0.01 0.23** — —

Father MD −0.08 0.09 — —

Number production (effective N � 190)
Autoregressor T1 — 0.47*** — — Saturated model
Mother’s education 0.17 −0.08 — —

Father’s education −0.11 0.15 — —

Mother RD −0.04 −0.15** — —

Father RD −0.07 −0.06 — —

Mother MD 0.02 0.03 — —

Father MD −0.07 0.03 — —

Number sequences (effective N � 192)
Autoregressor T1 — 0.43*** — — χ2 (3) � 2.52, p � 0.47, RMSEA � 0.00, CFI � 1.00
Autoregressor T2 — — 0.37*** —

Autoregressor T3 — — — 0.61***
Mother’s education −0.07 0.15 0.00 −0.12
Father’s education 0.11 0.06 0.04 0.20*
Mother RD −0.09 −0.04 −0.16* −0.12*
Father RD −0.08 −0.05 −0.08 −0.11*
Mother MD 0.01 0.09 0.07 −0.05
Father MD −0.02 0.01 −0.07 −0.01

Number identification (effective N � 192)
Autoregressor T1 — 0.62*** — — χ2 (3) � 0.76, p � 0.86, RMSEA � 0.00, CFI � 1.00
Autoregressor T2 — — 0.29*** —

Autoregressor T3 — — — 0.73***
Mother’s education 0.07 −0.01 −0.04 −0.00
Father’s education −0.09 0.05 0.05 0.07
Mother RD 0.03 −0.12* −0.24 −0.05
Father RD −0.01 −0.08 −0.09 −0.06
Mother MD 0.00 −0.03 0.10 0.02
Father MD −0.10** 0.08 −0.17 −0.12

Number naming (effective N � 192)
Autoregressor T1 — 0.67*** — — χ2 (3) � 7.06, p � 0.07, RMSEA � 0.08, CFI � 0.98
Autoregressor T2 — — 0.30*** —

Autoregressor T3 — — — 0.71***
Mother’s education 0.11 0.00 −0.03 −0.10
Father’s education −0.01 −0.02 0.08 0.11
Mother RD −0.12** 0.02 −0.19 −0.06
Father RD −0.10* 0.07 −0.10 −0.04
Mother MD 0.03 −0.00 0.11 −0.03
Father MD 0.03 −0.09 −0.15 −0.14*

Vocabulary (effective N � 193)
Autoregressor T1 — 0.46*** — — χ2 (2) � 3.71, p � 0.16, RMSEA � 0.07, CFI � 0.99
Autoregressor T2 — — 0.45*** —

Autoregressor T3 — — — 0.42***
Mother’s education 0.04 0.14 0.04 0.11
Father’s education 0.15 −0.07 0.14 −0.00
Mother RD −0.09 −0.10 0.00 −0.12
Father RD −0.00 0.12 −0.04 −0.04
Mother MD −0.00 0.05 0.01 0.07
Father MD −0.05 −0.12 −0.08 0.01

Print knowledge (effective N � 193)
Autoregressor T1 — 0.32*** — — χ2 (2) � 0.00, p � 0.99, RMSEA � 0.00, CFI � 1.00
Autoregressor T2 — — 0.23* —

Autoregressor T3 — — — 0.45***
Mother’s education 0.06 0.00 −0.07 0.11
Father’s education 0.07 0.12 0.07 0.05
Mother RD −0.13* 0.08 −0.02 −0.00
Father RD 0.03 0.06 −0.07 0.24***

(Continued on following page)
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require the parent to engage with and understand text or written
instructions (e.g., playing board games). It was interesting to note
that parental MD was not associated with HNE or HLE. Prior
studies lend support for this finding; for instance, in a study by
Khanolainen et al. (2020) neither RD nor MD predicted at home
teaching (math and reading) or shared reading. Silinskas et al.
(2010) showed that mothers’ MD predicted more frequent
teaching of math (formal HNE) but not their teaching of
reading (formal HLE) during the first grade in primary
education. It is thus possible that also in the present sample the
association would have emerged between parental MD and formal
HNE had we included the formal HNE measure.

Third, mother’s education positively predicted HLE in the third
time point at age 5.5 (over and above HLE at T1), suggesting that the
higher the mother’s education level was, the more they increased
shared reading with their children from age 2.5–5.5 years. The
finding may mean that parents with higher education are
themselves more accustomed to reading and find reading more
pleasurable, and therefore might also be more willing to read with
their children than less educated parents. Parents may also be more

prone to recognize the value of reading to children. The finding is in
line with a prior Finnish study linking mothers’ higher education
with more shared reading and lower education with more teaching
children to read (Khanolainen et al., 2020). However, their study
additionally showed that lower parental education also predicted
more math-related teaching at home, whereas in the current study
parents’ education did not predict HNE. This finding also conflicts
with that of Thompson et al. (2017), suggesting that more highly
educated parents engagemore frequently in numeracy activities with
their 3-year-olds than parents with lower education. The lack of
associations, however, could be explained again by our lack of formal
teaching items and focus on informal HLE and HNE only.

Home Numeracy Environment Predicted
Children’s Numeracy and Literacy Skills
As for research question 2 on the associations between HNE, HLE,
and children’s skill development, our results suggested that informal
HNE supports the development of several skills. However, HLE
predicted neither literacy nor numeracy skills. The informal HNE at

TABLE 3 | (Continued) The standardized model estimates for parental measures predicting children’s skills.

Skill T1 Skill T2 Skill T3 Skill T4 Model fit

Mother MD 0.11 −0.09 −0.10 0.07
Father MD −0.11 −0.08 −0.05 −0.11

Letter knowledge (effective N � 193)
Autoregressor T1 — 0.76*** — — χ2 (3) � 4.08, p � 0.25, RMSEA � 0.04, CFI � 0.99
Autoregressor T2 — — 0.26*** —

Autoregressor T3 — — — −0.93***
Mother’s education 0.27** −0.20 0.20* −0.02
Father’s education −0.18 0.15* 0.01 0.04
Mother RD −0.05* −0.04* −0.07 −0.05
Father RD −0.06** −0.04 −0.13 −0.00
Mother MD 0.06 −0.13** 0.19 −0.02
Father MD −0.03 0.01 −0.23* −0.01

Note. To improve the model fit the following paths were added to the relevant models: Vocabulary T4 was regressed on Vocabulary T2 (0.28***) and Print knowledge T3 was regressed on
Print knowledge T1 (0.27**).

TABLE 4 | The standardized model estimates for parental measures predicting HLE and HNE.

HNE T1 HNE T3 Model fit

HNE (effective N � 196)
Autoregressor T1 — 0.43* χ2 (52) � 43.89, p � 0.78, RMSEA � 0.00, CFI � 1.00
Mother’s education 0.03 −0.06
Father’s education 0.03 −0.08
Mother RD −0.13* −0.02
Father RD 0.07 −0.15
Mother MD −0.10 0.10
Father MD 0.00 −0.01

HLE (effective N � 196)
Autoregressor T1 — 0.71*** χ2 (40) � 78.33, p � 0.00, RMSEA � 0.07, CFI � 0.94
Mother’s education 0.18 0.23*
Father’s education −0.07 −0.07
Mother RD 0.07 0.19
Father RD −0.19** 0.11
Mother MD 0.02 −0.10
Father MD 0.03 −0.02

Note. To improve the model fit indicators of latent environmental variables were allowed to correlate. Specifically: 1) the item “Using calendars and dates” at T1 was correlated with other
HNE items (indicators), and 2) all HLE items at T1 were correlated with all HLE items at T3.
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the first time point, age 2.5, positively predicted children’s counting
objects skill and number producing skill at the second time point, age
3.5, even after controlling for the prior skill level at age 2.5. Similar
results have been derived from recent studies about slightly older
children: Skwarchuk et al. (2014) reported informal HNE predicting
5-year-old children’s nonsymbolic arithmetic, namely their abilities to
manipulate quantities. However, their study was cross-sectional in
terms of children’s skills. The results of the current study among
younger children and with including autoregressors confirm this
finding and suggest that frequently engaging in informal HNE
activities, such as being exposed to numeracy-related contents in

board games or measuring ingredients while cooking (e.g.,
Vandermaas-Peeler et al., 2012) while already in toddlerhood,
may help children to gain understanding of quantity manipulation
without the deliberate instruction of a symbolic number system. As
nonsymbolic arithmetic skills have further been associatedwith better
calculation and number system knowledge in later childhood
(LeFevre et al., 2010), these activitiesmay have long-standing impacts.

Unexpectedly, the home literacy environment predicted neither
literacy nor numeracy skills, indicating that cross-domain
associations were identified for HNE, but not for HLE. Our
findings are therefore in contrast to many previous within-

FIGURE 4 | The model for counting objects skill with significant standardized estimates. Note: In addition to the regression paths depicted, there were two
significant residual correlations: between HNE and HLE at T1 (stand. estimate � 0.38***) and between HNE and counting objects at T1 (stand. estimate � 0.31**).

FIGURE 5 | The model for number production with significant standardized estimates. Note: In addition to the regression paths depicted, there was one significant
residual correlation: between HNE and HLE at T1 (stand. estimate � 0.41***).
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domain studies exploring the association between HLE and literacy
skills, which suggested that more parent-child shared reading
supports children’s language and literacy skills, oral language
in particular (e.g., Mol and Bus, 2011:; Sénéchal and LeFevre,
2002; Torppa et al., 2007). The research also conflicts with the
accumulating body of studies where both HLE and HNE, along
with numeracy and literacy skills, have been inspected (e.g.,
Manolitsis et al., 2013; Napoli and Purpura, 2018; Khanolainen
et al., 2020; Soto-Calvo et al., 2020). These studies have
systematically reported significant associations between HLE
and literacy and numeracy outcomes, providing well-
established evidence for shared reading predicting literacy
and/or numeracy outcomes, rather than the other way
around. Though they showed that storybook reading
predicted children’s definitional vocabulary, Napoli and
Purpura (2018) also observed that the same was not true for
numeracy skills: storybook reading predicted numeracy

outcomes only until HNE was included in the models.
Therefore, the results of their study lend only partial support
to the current study in terms of explaining the importance of
HNE for skill development. Many of the previous studies have
not included autoregressive controls in their models (as an
exception, see Khanolainen et al., 2020). Our models gave a
stringent test to the hypothesis by controlling for the skill level at
the previous time point. Here, we are examining if shared
reading affects developing faster in each skill, not merely
examining uni-directional associations.

Children’s Early Numeracy and Language
Skills Predicted Home Literacy and
Numeracy Environment
With respect to research question 3, our analysis revealed evocative/
active effects running from children’s skills to activities with parents

FIGURE 6 | The model for number sequence skill with the significant standardized estimates. Note. In addition to the regression paths depicted, there were two
significant residual correlations: between HNE and HLE at T1 (stand. estimate � 0.38***) and between HNE and number sequence skill at T1 (stand. estimate � 0.35**).

FIGURE 7 | The model for number symbol identification with the significant standardized estimates. Note: In addition to the regression paths depicted, there was
one significant residual correlation: between HNE and HLE at T1 (stand. estimate � 0.42***).
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at home (e.g., Plomin et al., 1977; Scarr and McCartney, 1983;
Pomerantz and Eaton, 2001; Rutter et al., 2006). These results add to
the scarce studies by increasing understanding on how young
children actively shape their learning environments by attracting
responses in their home environments.

The results confirmed within-domain association, as
children’s number symbol identification skill at the second
time point (age 3.5) negatively predicted HNE activities at
the third time point (5.5). There are three viable ways to explain
the negative association. First, the results might imply that if
children have poor numeracy skills, their parents are observant
to this and want to do more to support the skill development
(i.e., increase the frequency of informal, shared numeracy-
related activities that are easily integrated into daily
activities and parent-child interaction: an evocative effect on
environment). A similar association has been identified in a
follow-up from kindergarten through first grade: Parents of

children with low math skills increased the frequency of their
home numeracy activities more than others (Silinskas et al.,
2020). Second, the findings could also be explained by
children’s early vs. late emerging number symbol
identification skills. It is noteworthy that there is a two-year
gap between measuring children’s skills in time points 2 and 3.
This could mean that for those children whose skills were
poorer at time point 2, the skill could have emerged later during
the two-year timeframe, increasing their motivation and
interest toward numeracy, to which parents responded by
increasing the frequency of informal HNE activities, as
suggested by Silinskas et al. (2020). Third, the results could
also be interpreted from the opposite perspective, implying that
more skilled children (i.e., children who already identify
number symbols) might lose their interest in informal HNE
and attract their parents to do more complex at-home
numeracy activities and formal teaching of math (e.g.,

FIGURE 8 | Themodel for number naming with the significant standardized estimates. Note: In addition to the regression paths depicted, there were two significant
residual correlations: between HNE and HLE at T1 (stand. estimate � 0.41***) and between HNE and number naming skill at T1 (stand. estimate � 0.39**).

FIGURE 9 | The model for vocabulary with the significant standardized estimate. Note: In addition to the regression paths depicted, there was one significant
residual correlation: between HNE and HLE at T1 (stand. estimate � 0.42***).
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teaching simple sums), which could explain the decrease in the
frequency of informal HNE. This explanation can be bolstered
with the findings of Thompson et al. (2017), showing that
parents engage in complex, direct activities with higher
frequency with 4-year-olds than 3-year-olds, suggesting that
the complexity of HNE increases as children grow older.
Furthermore, albeit in HLE, a similar mechanism of active
effects, that is, parents teaching those children who mastered
the basics of reading more often than others, was identified in a
study by Silinskas et al. (2010). The results of the current study
imply that a similar effect could apply to emerging numeracy
skills and HNE. However, this explanation would need further
research, as the current study did not include numeracy
teaching items at home.

Cross-domain findings were identified for both early
numeracy and literacy skills. First, children’s letter knowledge

at the second time point (age 3.5) negatively predicted HNE
activities at the third time point (5.5). Also, children’s skills in
counting objects and number sequencing at the second time
point (age 3.5) negatively predicted shared reading (HLE) at the
third time point (age 5.5). A negative association could again be
explained through children’s active evocative role and interest:
The children whose letter knowledge skills are good might show
more interest and motivation toward literacy-related tasks
in the home environment, leading parents to provide less
support on numeracy-related tasks and instead put more
effort on literacy-related activities at home. In line with this
proposition, children who are strong in number sequencing
might attract more frequent numeracy-related activities with
their parents and engage less in at-home activities with literacy
content. Although there is an evident lack of studies having
identified evocative cross-domain effects between children’s

FIGURE 10 | The model for print knowledge with the significant standardized estimates. Note: In addition to the regression paths depicted, there were three
significant residual correlations: between HNE and HLE at T1 (stand. estimate � 0.38***) and between HNE and print knowledge at T1 (stand. estimate � 0.24*), and
between HLE and print knowledge at T3 (stand. estimate � −0.27**).

FIGURE 11 | The model for letter knowledge with the significant standardized estimates. Note: In addition to the regression paths depicted, there were two
significant residual correlations: between HNE and HLE at T1 (stand. estimate � 0.42***) and between HNE and letter knowledge at T1 (stand. estimate � 0.49**).
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literacy and numeracy skills and HNE and HLE, this
explanation of the current study could be connected to prior
findings through the mechanism of parents teaching more
skilled children (e.g., Silinskas et al., 2012), which with these
results would extend its effects on decrease in the home activities
on the other domain. These cross-domain findings imply that
parents react by doing what better supports the development of
their children, and that children’s active, evocative role in
steering the parent’s activities is evident, although more
research is needed.

No Indirect Effects From Parental RD, MD,
or Educational Level on Children’s
Numeracy and Literacy Development
Through the Home Environment
Albeit themediation analysis revealed that significant effects from
parental measures to children’s skills (in the case of letter
knowledge, number production, number identification,
number sequences, and counting objects) became
nonsignificant after adding the HLE and HNE factors,

TABLE 5 | All indirect paths for models provided in Figures 4–11 (mediation analysis results).

Path estimates Model for
counting
objects:

estimate (s.e.)

Model for
number

producing:
estimate (s.e.)

Model for
number

sequencing:
estimate (s.e.)

Model for
number
naming:

estimate (s.e.)

Model for
vocabulary:

estimate (s.e.)

Model for print
knowledge:

estimate (s.e.)

Model for letter
knowledge:

estimate (s.e.)

Mothers’ education →
HNE at T1 → Child skill
at T2

0.03 (0.05) 0.00 (0.06) 0.00 (0.02) 0.01 (0.03) 0.01 (0.03) 0.00 (0.02) 0.00 (0.01)

Mothers’ education →
HLE at T1 → Child skill
at T2

−0.01 (0.02) −0.02 (0.02) 0.03 (0.03) −0.02 (0.02) 0.01 (0.02) 0.01 (0.02) −0.01 (0.02)

Fathers’ education→HNE
at T1 → Child skill at T2

0.00 (0.04) 0.02 (0.06) 0.00 (0.01) 0.00 (0.02) 0.00 (0.02) 0.00 (0.02) 0.00 (0.01)

Fathers’ education→ HLE
at T1 → Child skill at T2

0.00 (0.01) 0.01 (0.01) −0.01 (0.02) 0.01 (0.01) −0.00 (0.01) 0.00 (0.01) 0.00 (0.01)

Mothers’ reading
difficulties → HNE at T1→
Child skill at T2

−0.04 (0.03) −0.08 (0.05) −0.02 (0.02) −0.02 (0.02) −0.03 (0.02) −0.02 (0.02) −0.00 (0.02)

Mothers’ reading
difficulties → HLE at T1 →
Child skill at T2

−0.00 (0.01) −0.01 (0.01) 0.01 (0.01) −0.01 (0.01) 0.00 (0.01) 0.01 (0.01) −0.01 (0.01)

Fathers’ reading difficulties
→ HNE at T1 → Child skill
at T2

0.00 (0.03) −0.02 (0.05) 0.00 (0.01) 0.00 (0.02) 0.01 (0.02) 0.01 (0.02) −0.00 (0.01)

Fathers’ reading difficulties
→ HLE at T1 → Child skill
at T2

0.01 (0.02) 0.02 (0.02) −0.03 (0.02) 0.02 (0.02) −0.01 (0.02) −0.01 (0.02) 0.01 (0.02)

Mothers’ math difficulties
→ HNE at T1 → Child skill
at T2

−0.01 (0.03) −0.02 (0.04) −0.01 (0.01) 0.01 (0.02) −0.01 (0.02) −0.01 (0.02) −0.00 (0.01)

Mothers’ math difficulties
→ HLE at T1 → Child skill
at T2

−0.00 (0.00) −0.00 (0.01) 0.00 (0.01) −0.00 (0.01) 0.00 (0.00) 0.00 (0.01) −0.00 (0.01)

Fathers’ math difficulties
→ HNE at T1 → Child skill
at T2

0.01 (0.03) 0.01 (0.03) 0.00 (0.01) 0.01 (0.02) 0.00 (0.02) −0.00 (0.01) −0.00 (0.01)

Fathers’ math difficulties
→ HLE at T1 → Child skill
at T2

−0.00 (0.00) −0.00 (0.01) 0.00 (0.01) −0.00 (0.01) 0.00 (0.00) 0.00 (0.01) 0.00 (0.00)

HLE at T1 → Child skill at
T2 → HLE at T3

0.01 (0.02) −0.00 (0.01) −0.03 (0.03) 0.00 (0.01) −0.00 (0.00) 0.01 (0.01) 0.00 (0.01)

HNE at T1 → Child skill at
T2 → HLE at T3

−0.06 (0.04) 0.01 (0.04) −0.02 (0.03) −0.00 (0.02) −0.01 (0.02) 0.01 (0.02) −0.00 (0.01)

HLE at T1 → Child skill at
T2 → HNE at T3

0.01 (0.02) 0.05 (0.05) 0.00 (0.02) 0.02 (0.03) 0.00 (0.01) 0.01 (0.02) 0.03 (0.04)

HNE at T1 → Child skill at
T2 → HNE at T3

−0.05 (0.08) −0.16 (0.13) 0.00 (0.01) −0.04 (0.05) 0.02 (0.03) 0.02 (0.02) −0.03 (0.08)

Child skill at T2 → HNE at
T3 → Child skill at T4

— — 0.00 (0.00) −0.01 (0.01) −0.01 (0.01) 0.02 (0.03) 0.00 (0.01)

Child skill at T2 → HLE at
T3 → Child skill at T4

— — −0.00 (0.02) 0.00 (0.00) −0.00 (0.02) −0.01 (0.01) 0.00 (0.00)

Note. No significant mediation paths were found (with p < 0.05).
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suggesting the impact of parental measures on children’s skill
development via home environment, neither parental education
nor parental RD or MD had significant indirect effects on
children’s skill development via HNE or HLE (research
questions 4). Consequently, our findings did not provide
support for the mechanism that parental factors influence via
differential home environments on children’s skill development
in these families (in line with Caglar-Ryeng et al., 2020; Elbro
et al., 1998; Khanolainen et al., 2020; Torppa et al., 2007; van
Bergen et al., 2014). However, as our study focuses only on the
frequency of informal HNE and HLE activities, it is possible
there are other differences between the families with and
without parental RD or MD. All the predictive effects from
parental variables accounted for only a little of the variance in
children’s skills, ranging from below one percent to little over
four percent. Despite the small effects, the effects were still
present for many skills and emerged over and above
autoregressive and home environment controls, which
suggests a unique role for parental RD and MD in children’s
skill development. However, future studies should aim to
include latent variables for all measures to manage
measurement error, assess parental skills with actual skill
tests, and include a broader assessment of HNE and HLE. It
is also worthy of consideration to explore the role of other
environments, such as enrollment in institutional ECEC, where
emerging literacy skills and abilities in integrating numeracy
into several daily activities are more systematically emerging in
children’s lives.

Limitations and Future Directions
This study is not without its limitations, with most relating to
measures used. First, for children’s emerging numeracy skills, we
did not have nonsymbolic measures albeit evidence exists on the
importance of approximate number system, for development of
symbolic numerical skills (e.g., Feigenson et al., 2013). Despite that
our existing symbolic measures yielded significant associations
with FR, HLE, and HNE measures, it would nevertheless be
important to include nonsymbolic tasks to future studies.
Furthermore, we were not able to calculate reliabilities for all of
the children’s measures, particularly so for the numeracymeasures.
This is because the tasks items become increasingly difficult as the
test progresses, and due to the discontinuation rules in place, not all
the children completed all the items. Therefore, calculation of the
Cronbach alpha, which is a measure of item cohesion within a test,
is not meaningful and becomes impossible to calculate due to
missingness by test design. If we only use the items that all children
have responses, we do not have enough variation to calculate
meaningful reliability indices. In our data, the time-gap is also too
long for the calculation of test-re-test reliabilities. Second, this
study deployed single measures for parental RD and MD and
children’s literacy and numeracy skills. Although we includedHNE
and HLE into the models as latent factors and thus minimized
measurement error, the same was thus impossible for the other
constructs. For children’s skills, it was impossible to form
similar latent factors across time because of varying
correlation patterns. This was also expected, as we assessed
several early number skills that theoretically emerge as more

distinct skills in the early development with integration
occurring later in development (e.g., Purpura et al., 2017b).
As we wished to control for the autoregressive effects, the
estimation of separate models for each skill seemed
inevitable. Third, the assessment of parental RD and MD was
based on single-item self-reports. This is not ideal, as self-
reports may be affected by the individual’s reference group,
his or her educational and occupational pathways, or the
positivity/negativity of views on self the individual has in
general. Therefore, in future studies, we recommend the use
of direct parental skill assessments, as they have been shown to
predict children’s skill development (e.g., Puglisi et al., 2017). If
that is impossible, use of a more detailed questionnaire with
multiple items on the specific difficulties one may face with RD
or MD is recommended (e.g., Pennington and Lefly, 2001).

Fourth, HNE and HLE measures were based on parental
reported activities at home. Questionnaire-based assessments
are limited and threatened by bias due to over-reporting of
activities, but parents may also have difficulties accurately
identifying the frequency of these activities in the home (Elliot
and Bachman, 2018). All HNE and HLE activities were focused
on the informal home environment, and we recognize that there
may be other environmental influences at home affecting
children’s skills. Such factors could be the direct teaching of
numeracy and literacy skills, which in prior studies have been
associated with both literacy (e.g., Sénéchal and LeFevre, 2002;
Sénéchal and LeFevre, 2014) and numeracy skills (e.g., Skwarchuk
et al., 2014), especially with older children. Future studies should
also include complex formal teaching activities to better
understand the full impact of home environment activities,
especially because studies combining formal and informal
HNE and HLE in an early onset study are basically
nonexistent. Also, all the items of HLE and HNE were based
on shared parent-child activities. Such items are the most
influential regarding children’s skill development (Melhuish
et al., 2008), but it may be that access to literacy and
numeracy content (e.g., frequency of library visits, amount of
books, and other play materials) should have also been assessed.
Nevertheless, the current sample comes from Finland and
participated in ECEC, where children have solid access to
print and numbers. However, in some other contexts or
samples, children may be more deprived of opportunities to
get access to materials (no access to a library, no games or
books at home), and that can be detrimental to their learning
opportunities. The sheer access or even frequency of interactions
may not be enough if the quality of interactions is not sufficient.
In this study, we did not include interaction quality measures,
which could provide a better understanding of what aspects of
HLE and HNE support children’s skill development. Future
studies should therefore complement the inspection of the
home learning environment with observations (e.g., Totsika
and Sylva, 2004) focusing on the quality of the home
environment alongside the quantity. Fifth, children and
families were recruited from a relatively limited geographical
area (one municipality), with a rather high proportion of highly
educated parents; therefore, it would be preferable to replicate the
study in a more representative sample.
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Future studies examining the underpinnings of early literacy and
numeracy development should also consider the impact of literacy and
numeracy environments in formal ECEC. Although the number of
ECEC children under 3 years old is lower in Finland than in the
OECD countries on average (European Commission/EACEA/
Eurydice/Eurostat, 2019), exposure to a more formal instructional
environment alongside the home environment plays an important
supportive role in developing both emerging literacy and numeracy
skills (Anders et al., 2012). Based on the findings of the current study,
this might be important for children with FR for RD or MD.

CONCLUSION

Overall, the current study suggests that the associations between
parental measures, home environments, and young children’s
developing literacy and numeracy skills emerge as early as
toddlerhood. It is also of importance to note that at this
important developmental stage, the associations between the
growing child and his or her home environment were
reciprocal and not limited to within-domain effects. It thus
appears that the early risk factors for RD and MD regarding
measures of home environment and parental skills are at least
partially shared years before school entry and might give at least a
partial explanation for the rather high covariance and comorbid
problems in reading and math later on.
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