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Concurrent and Longitudinal Associations between Parent Math Support in Early Childhood and 

Math Skills: A Meta-Analytic Study 

 

Abstract 

The aim of this study was to summarize evidence about the relations between parent math support in 

children aged 3 to 5 years (from several countries in America, Asia, and Europe) and concurrent and 

longitudinal math outcomes. The (bio)ecological model of human development guided our hypotheses. 

The design and reporting of this meta-analysis used the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA). We screened 2,163 abstracts, from which 135 full-text studies 

were assessed for eligibility. Forty-five studies fulfilled our inclusion criteria and were retained 

(representing 244 effect sizes); 90 studies were discarded as they did not include preschool children or 

measures of both parent math support and children’s math skills. Meta-analysis using Correlated and 

Hierarchical Effect (CHE) models showed a significant positive association between parent math 

support and child math skills for both concurrent and longitudinal studies. On average, higher parent 

math support was associated with better maths skills in children, albeit these being small effect sizes. 

We found non-significant or inconclusive moderator effects related to formal vs. informal parent math 

support, type of children’s math skills, participants’ characteristics (e.g., child age, child/parent gender), 

parent education, and study characteristics. There was a significant moderator effect of the specificity of 

parent math support, with global assessments showing higher correlations with math outcomes than 

specific assessments. The publication bias analysis showed small-study effects for longitudinal but not 

for concurrent studies. Conclusions are drawn regarding the importance of promoting parent math 

support and informing future intervention studies. 
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Concurrent and Longitudinal Associations between Parent Math Support in Early Childhood and 

Math Skills: A Meta-Analytic Study 

The importance of early mathematical skills in child development has been widely acknowledged 

and there is evidence of a strong link between these skills and later mathematical achievement, namely 

in US children (e.g., Hubbard et al., 2005; Mix & Cheng, 2012; Verdine et al., 2017). Math experiences 

and competencies prior to school entry are one of the most powerful predictors of later school success 

(Duncan et al., 2007). Math competence in childhood is also a strong predictor in the pursuit of and 

success in STEM (Science, Technology, Engineering, and Math) careers (Wai et al., 2009), contributing 

to economic benefits for individuals and societies (U.S. Department of Education, 2016). Indeed, early 

mathematical abilities, like spatial and numeracy skills, acquired before school age are steppingstones 

for future math skills and delays in the preschool years have an impact on future development (Ginsburg 

et al., 2008). Relatedly, cross-disciplinary research over the last decades has focused on the importance 

of early childhood for subsequent development, emphasizing the relevance of investments and 

stimulation in the early years (e.g., Heckman, 2006; Shonkoff & Phillips, 2000).  

The aim of this meta-analysis was to investigate whether parent math support is a predictor of 

math outcomes, as this knowledge can inform parent practices and influence their impact on children’s 

math success at school. Parent math support can be conceptualized as the proactive engagement of 

parents in various behaviors aiming to promote the learning and development of their children’s math 

abilities. In this meta-analysis, we focus on parent support of math activities, broadly defined as the 

frequency with which parents support mathematical thinking through their interactions with their 

children (Levine et al., 2019) and the type of activities they use to reach that goal. Parents’ support may 

be delivered through formal (i.e., didactic) and informal (i.e., child-centered, play-based) math activities 

and materials/resources (e.g., LeFevre et al., 2009; Ramani & Siegler, 2014).  
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This work is framed within the ecological systems theory (Bronfenbrenner, 1979) and the 

bioecological model of human development (Bronfenbrenner & Morris, 2006), which builds on the 

properties of Process, Person, Context, and Time, and has informed previous studies of early childhood 

math development (e.g., Perry & Dockett, 2018). In our meta-analysis, home math support is 

conceptualized at the microsystem level, entailing direct interactions between parents and children, with 

parents directly influencing children’s math skills through engagement with math-related materials and 

activities. At this level, we also find parent education, which influences how resourceful parents can be 

in supporting math learning (e.g., Ashiabi et al., 2015; Tudge et al., 2009). Hence, features of early 

parent math support constitute proximal Processes (within the microsystem) that drive the development 

of children’s math skills over Time. Further, we assume that this association is influenced by the 

developing child’s individual characteristics like age and by both child and parent gender (i.e., Person), 

which have been shown to moderate the association between parent math support and math outcomes 

(e.g., Yildiz et al., 2020). Finally, Process and Person effects, and the interactions among them, are 

embedded in the children’s immediate Context (at the microsystem level) (see Figure 1). 

The Relation Between Parent Math Support (Process) and Children’s Math Skills Over Time 

When compared to other developmental and learning domains such as language and literacy, 

substantially less research has focused on the home predictors of (early) math competence (Elliott & 

Bachman, 2018b; Levine et al., 2019). Nevertheless, there is evidence supporting the role of young 

children’s family home as a key early childhood setting in young US children’s math outcomes (e.g., 

Crosnoe et al., 2010). Importantly, available evidence documents the primacy of the home environment 

for supporting children’s developmental outcomes, including math (Ma et al., 2016; NICHD, 2005). The 

Home Math Environment (HME) is a construct created to describe mathematics-related activities 

children engage in with their parents, which are significant predictors of children’s broad mathematics 
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skills (e.g., encompassing specific skills such as numeracy, geometric reasoning, and spatial skills) 

(Blevins-Knabe & Musun-Miller, 1996; LeFevre et al., 2009; Kleemans et al., 2012; Levine et al., 2012; 

Niklas & Schneider, 2014; Hart et al., 2016; Zippert & Rittle-Johnson, 2018). In this meta-analysis, we 

focus on the role of parent-child math activities, more specifically, those related to spatial and numeracy 

skills. Previous studies on parents’ contributions to math development have also elected numeracy and 

spatial abilities as the most relevant in terms of their predictive role for school math outcomes, for young 

US and Norwegian children (e.g., Elliot & Bachman, 2018a; Lehrl et al., 2020; Lombardi et al., 2017; 

Ribeiro et al., 2020). 

The importance of numeracy skills for Canadian children's mathematical competencies has been 

emphasized by LeFevre et al. (2009). In their study, the frequency of activities indirectly connected to 

numbers such as playing dice games was weakly but significantly correlated with mathematical 

competencies at school enrolment. They concluded that Canadian children who are exposed to more 

number activities and materials at home show better mathematical skills later in school. Numeracy skills 

in early ages encompass a wide range of different competencies including counting abilities, number 

comparison, one-to-one correspondence (cardinality), and so on (Kleemans et al., 2012). Early 

numeracy skills, namely the ability to count, have been found to be associated with later math skills 

(Aunio & Niemivirta, 2010; LeFevre et al., 2006), in Finnish and Canadian children. Spatial skills in 

early childhood can be practiced in a range of tasks such as labelling spatial features of objects, 

including size, shape, and orientation (e.g., puzzle play, shape sorter); and engaging in play activities 

with materials such as block building, Lego, and board games (e.g., Elliott & Bachman, 2018b; Levine 

et al., 2019; Zippert & Rittle-Johnson, 2018). 

There is mounting evidence that parent math support in early childhood has long term effects 

that can benefit children throughout childhood. Skwarchuk et al. (2014), for example, found that parent 

https://www.sciencedirect.com/science/article/pii/S1041608010000786?casa_token=0I7SQ_dIsvIAAAAA:WYzjwMVUP8jz6LH0SITCPUxf-_QYUJkgJraB5csiCSfkHz8W7VNGbDguvVmCstBxpPtDcY73zqY#bb0290


PARENT MATH SUPPORT AND MATH SKILLS 7 

reports of formal home numeracy activities (e.g., teaching sums) were a predictor of Canadian children’s 

symbolic number knowledge, whereas reports of informal activities (e.g., board games) predicted 

children’s non-symbolic arithmetic skills. Other studies suggest that formal math practices may be more 

strongly associated with Canadian and Greek children’s math skills as measured with formal instruments 

to assess global math skills (e.g., LeFevre et al., 2010; Manolitis et al., 2013) and that informal activities 

may promote specific types of math skills, such as counting, in US samples (Ramani et al., 2015). In 

fact, available evidence yields inconsistent findings on the associations between these dimensions of 

parental math support and children’s math-related outcomes (see Elliott & Bachman, 2018b). One 

possible reason is that formal and informal activities are not always defined consistently across studies, 

possibly because theoretical models describing formal and informal math activities rely often on 

empirical methods (e.g., data reduction through exploratory factor analysis) (Elliot & Bachman, 2018a). 

Little attention has been paid to the developmental effects of formal vs. informal home numeracy 

practices, although preliminary evidence suggests that formal activities could be more predictive of math 

skills for older US children (Thompson et al., 2017). 

There are two major types of research conducted in this area: studies relying on parent self-report 

and observational studies. The first and largest literature involves reports of parent support based on the 

type of materials and activities provided to the child in the home environment that relate to math skills 

(e.g., DeFlorio & Beliakoff, 2015; Missall et al., 2015). In this line, parental questionnaire studies were 

the primary focus of this meta-analysis. The second major category of literature in this field involves 

observational assessments of parent-child interactions (either at home or in the lab) related to a specific 

math skill (e.g., observations of parents and children playing a math-related game or activity) and 

identifying the key factors in the dyad dynamic that predict children’s math skills. Although this type of 

research is less frequent, a few recent studies have used this approach (e.g., Susperreguy & Davis-Kean, 
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2016) and, therefore, they were included in our meta-analytic review, whenever they fulfilled the 

inclusion criteria. Furthermore, some of these observational studies examine the quality of math support 

(rather than the typical frequency of different types of math support, present in self-report 

questionnaires). Therefore, both quantity and quality ratings of math support were included in this study. 

 

Moderation by Person Characteristics: The Role of Child Age and Child and Parent Gender 

Previous studies on the associations between parent math support and children’s math outcomes 

have found larger effects for younger children (e.g., Daucourt et al., 2021). For example, Dunst et al. 

(2017) found that the correlation between the math home environment and European and North 

American children’s math achievement was almost three times higher for preschool children (3-4 years) 

than for those in kindergarten (5 years). Therefore, we need to examine the moderator role of children’s 

age because although we examined the exposure variable (parent math support) at preschool ages, there 

is still variation in children’s ages among selected studies that must be taken into account. 

Moreover, both parent and child gender have frequently been addressed as important moderators 

in studies of parent math support and math outcomes. Most of the research in this area has focused on 

mothers as informants (e.g., Casey et al., 2018), with mothers reporting on their own interactions with 

their children. Mothers’ reports on home numeracy activities (when compared to reports from both 

parents) have been found to show stronger associations with math skills (e.g., Yildiz et al., 2020). We 

are not aware of studies focusing on the differences between mothers’ and fathers’ reports of math 

support in the home. However, when it comes to the general home learning environment, it has been 

found that although parents’ practices make unique contributions to preschoolers’ academic skills, it is 

so only when the mother has less than a bachelors’ degree. When the mother has completed her bachelor 
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degree, fathers’ practices are no longer a significant predictor of child achievement (Missall et al., 

2015). 

There are studies showing that boys outperform girls in some math-related outcomes as early as 

preschool and first grade (e.g., Levine et al., 2016; Wei et al., 2015), and throughout schooling (Reilly et 

al., 2015). However, this advantage is seen mostly in specific domains such as spatial processing (e.g., 

Halpern et al., 2007), with findings being inconsistent for more traditional tasks of basic numerical 

processing: some studies show no gender differences (e.g., Rosselli et al., 2009), some favor boys (e.g., 

Krinzinger et al., 2012), and others favor girls (Wei et al., 2012). Hutchison et al. (2019), in a study with 

the methodological advantage of combining frequentist and Bayesian models, used a large sample of 

boys and girls and found no evidence of gender differences for most domains (except for number-line 

tasks). The authors highlighted that parents’ and teachers’ stereotypes that boys are more likely to 

succeed in math than girls continue to affect children’s attitudes toward math and maintain the gender 

gap in the pursuit of STEM careers, despite no evidence of real gender differences.  

Relatedly, the role of parents in encouraging math activities differentially with boys and girls, 

either through formal instruction or through shared activities, has also been found to be a differentiating 

factor in terms of parent math support. Spatial and numeracy input is more commonly directed at boys 

than girls (Baenninger & Newcombe, 1995). More recently, Moffatt et al. (2009) found that parents, in 

the context of playing a board game, modeled mathematical procedures to the same extent for girls and 

boys (e.g., parent draws child attention to numerals) but prompted boys nearly twice as much to 

complete mathematical procedures (e.g., parent prompts the child to count aloud). We have not found 

any studies looking at the effect of parent-child dyad combinations (e.g., mother-son; father-daughter). 

However, in a study examining mothers talk to their 22-month-old US children about cardinal number, 
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there was significantly more number-specific language input in mother-boy dyads than in mother-

daughter dyads (Chang et al., 2011). 

 

Moderation by Context: Parental Education as an Indicator of Family Socioeconomic Status  

A key feature of the bioecological model is that micro-level processes are embedded in a wider 

ecological context. In the literature on parent math support, the most common context-level factor 

studied is the socioeconomic status (SES) of the family. Specifically, the hypothesis often proposed 

(e.g., Ribeiro et al., 2019) is that parent education (commonly used as a sole indicator of SES) is 

indicative of the wider human capital of the family environment, encompassing levels and forms of 

parental investments, priorities, and aspirations.  

There is a steep and pervasive SES gradient in math achievement throughout early childhood that 

may be explained by differences in experiences both in the early childhood educational context and in 

the home environment (e.g., Burchinal et al., 2008; Gustafsson et al., 2011). Parent characteristics have 

been pointed out as one factor contributing to inequality even before school starts (DeFlorio & Beliafoff, 

2015). For example, parents’ practices have been found to have an important role in the association 

between SES and math learning in early childhood (see Elliott & Bachman, 2018a). In fact, one way 

(besides parent IQ) through which parent SES affects experiences with math in early childhood, is 

parent math support. Examining parent math support is, thus, of particular importance in understanding 

the relation between parent SES and early mathematical development (DeFlorio & Beliafoff, 2015). 

There is evidence of home-based parent involvement in math-related activities differing as a 

function of SES, and more specifically, as a function of parent education. For example, US mothers with 

higher levels of education have been found to offer better cognitive support to their children (e.g., 

Neitzel & Stright, 2004). Further, HME was found to explain between 11 and 23% of the total effect of 
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SES on kindergartners’ math achievement, when a composite of parent education, income, and 

occupation was used (Galindo & Sonnenschein, 2015). Notably, other studies have found no such 

effects (e.g., Manolitis et al., 2013; Skwarchuk et al., 2014), which suggests that the relation between 

parent math support and SES may not be straightforward, while it may also be due to differences in 

sample characteristics among studies. These conflicting findings may also be due to different 

conceptualizations of the math environment, and parents’ activities in particular (Muñez & Bull, 2021).  

US children from lower SES families have been found to perform worse in several domains 

related to math learning, such as numeracy (e.g., Starkey et al., 2004) and spatial reasoning (Starkey & 

Klein, 2008; Starkey et al., 2004; Verdine et al., 2014). Differences between SES groups, for example in 

block building, are already apparent by age 3 (Verdine et al., 2014) and persist despite children’s 

participating in school readiness programs (e.g., Head Start) (Starkey et al., 2004). Disadvantages in 

math performance are prevalent already in kindergarten (e.g., Byrnes & Wasik, 2009; Jordan et al., 

2006) and can perpetuate asymmetries in math development. Math advantage at kindergarten start is in 

fact an important factor in decreasing the SES-math achievement gap (Galindo & Sonnenschein, 2015). 

For example, Duncan and Magnuson (2011) reported marked SES disparities in math achievement in 

kindergarten in a longitudinal study with a US nationally representative sample. They compared the top 

and bottom 20% of the sample on SES and found that children differed in math achievement by 1.34 

standard deviations on average.  

Previous Reviews and Meta-analyses 

One recent systematic review of 37 articles, carried out by Yildiz et al. (2020), examined the 

relation between spontaneous math support in the home and young children’s math skills. This 

qualitative review revealed that advanced, but not basic numeracy interactions, were linked to children’s 

math skills and that only mothers’ reports (when compared to reports from both parents) of formal home 

https://www.sciencedirect.com/science/article/pii/S0361476X15000429?casa_token=0PCtD1UEGXIAAAAA:cnbuTNGlF0gHc3Y_xLLuRjN9cDhOWc_YfNs-BthRnNIE8IZYU52tBX-Dh-UBtmLjSglE-0KHQQ#bib0095
https://www.sciencedirect.com/science/article/pii/S0361476X15000429?casa_token=0PCtD1UEGXIAAAAA:cnbuTNGlF0gHc3Y_xLLuRjN9cDhOWc_YfNs-BthRnNIE8IZYU52tBX-Dh-UBtmLjSglE-0KHQQ#bib0345
https://www.sciencedirect.com/science/article/pii/S0361476X15000429?casa_token=0PCtD1UEGXIAAAAA:cnbuTNGlF0gHc3Y_xLLuRjN9cDhOWc_YfNs-BthRnNIE8IZYU52tBX-Dh-UBtmLjSglE-0KHQQ#bib0345
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numeracy activities were associated with math skills. Moreover, the authors concluded that the effect of 

formal home numeracy activities has been investigated more frequently than implicit/informal activities, 

that most studies have used questionnaires to assess home numeracy rather than observations, and that 

most studies focused on global math skills with comprehensive assessments, rather than specific types of 

math skill assessment. This literature review has, however, some limitations: (a) it focused on children 

of a broad age range (2-8 years of age), which can make it difficult to compare initial assessments and 

outcomes; (b) it was based on an initial pool of only 714 published articles identified through solely two 

databases; and (c) it failed to include either a quantitative analysis of the studies or an assessment of 

moderators that may explain variation in the results. 

Importantly, a recent meta-analysis by Daucourt et al. (2021) examined the combined effect of 

several aspects of the HME, including math-related activities in the home but also parents’ attitudes and 

expectations associated with children’s math development. They examined families with children from 3 

to 13 years and included seven HME domains: (1) direct activities; (2) indirect activities; (3) 

combination of direct and direct activities; (4) attitudes and beliefs; (5) math expectations; (6) spatial 

activities; and (7) math talk. The authors found a significant small correlation between the HME and 

children’s math achievement (r = .13; SE = .02, p < .001). Our meta-analysis partially replicates the 

work by Daucourt and colleagues by focusing on parent math support specifically, as part of parent-

child math-related activities in the home (e.g., Rittle-Jonhson, 2018; Zippert & Rittle-Johnson 2020), 

and by isolating the effects of parent math support during the preschool years. We aim to ascertain 

whether Daucourt et al.’s findings can be corroborated in a more circumscribed age range (3 to 5 years), 

examining exposure at a time when foundational math skills, important to school success, are rapidly 

developing. The preschool years are a time when parents are more likely to engage in teaching activities 

to their children (e.g., Daucourt et al. 2021). Once children enter first grade, parents often transfer the 



PARENT MATH SUPPORT AND MATH SKILLS 13 

teaching responsibility to the school system. Hence, the selection of the 3- to 5-year-old age range for a 

meta-analysis has the potential to help understand whether parent math support is significantly related to 

preschool children's math skills and whether its effects remain over time. 

The Present Study 

The aim of this study was to conduct a meta-analysis on the literature examining concurrent and 

longitudinal relations between parent home-based math support in early childhood and math outcomes. 

Specifically, partially replicating and building on Daucourt et al.’s work (2021), this meta-analysis 

aimed to summarize the existing literature on the relation between parent math support between ages 3 

and 5 (i.e., before entering school) and children’s math skills concurrently and longitudinally, as 

assessed by comprehensive measures of math performance or measures of more specific skills such as 

math problems, arithmetic, or numerical knowledge (e.g., Lehrl et al., 2020; Thippana et al., 2020; 

Zhang et al., 2020). 

Even though general personal characteristics of the parents, and the general level of support they 

provide, are important contributors to children’s math skills (Dearing et al., 2012), this study focused 

only on the specific early support parents provide relating to math skills. The role of more general 

cognitive support has been examined in previous studies, reporting a specific effect of support on math 

skills over and above that of general cognitive stimulation (see Ribeiro et al., 2020).  

Specific research questions of this study included: (a) Is there a concurrent and longitudinal 

association between parent math support and children’s math skills?; (b) Is this association moderated 

by type of Exposure (e.g., type of parent math support such as formal and informal activities) and type 

of Outcome (e.g., counting and numerical knowledge)?; (c) Are participants’ characteristics (e.g., child 

age, child and parent gender) moderators of the association between parent math support and children’s 

math abilities?; (d) Is parent education a moderator in the relation between parent math support and 
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children’s math skills?; (e) Are these relations consistent when potential sources of bias (i.e., 

geographical area and publication type) are accounted for?; (f) Do the selected studies fulfil appropriate 

methodological quality standards that lend confidence to our results?  

Our study has taken into account potential sources of bias, such as geographical area and 

publication type, and the appraisal of methodological quality. The inclusion of geographical area as 

moderator, which is good practice in meta-analytic studies (Higgins et al., 2021), is considered 

especially relevant to our meta-analysis, since the range of our selected studies speaks to a diverse 

country profile. It could well be that language differences are reflected in some of our variables such as 

the type of parent math support within the home environment (e.g., Cankaya & LeFevre, 2016). 

Secondly, publication type, that is, if studies are published or unpublished, is also known to affect 

results. On one hand, it is more likely that published studies are those with larger and statistically 

significant findings since studies with null findings are harder to publish - an estimate of 21% - whereas 

65% of studies with significant findings make it into a journal (Franco et al., 2014). On the other hand, 

meta-analyses that include unpublished studies are just as likely to show bias as those that do not include 

such studies, due to the selection bias involved in the search for unpublished literature (see Ferguson & 

Brannick, 2012). Finally, for the appraisal of the methodological quality of the selected studies, it is 

crucial to evaluate a series of aspects addressing potential risk of biases in each study’s design, 

procedure, and result analyses. The quality of selected studies is an important aspect to take into account 

and methodological rigor should be examined to evaluate the consistency and strength of findings of 

selected studies. Overall, these aspects can be confounding variables that lead to misleading results, and, 

therefore, need to be examined. 
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Methods 

Search Strategy 

The design and reporting of this meta-analysis is in line with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) (Stroup et al., 2000). We developed a search 

strategy, which included combinations of search terms referring to the exposure variable parent math 

support in the home with search terms referring to math outcomes. These two main categories of search 

terms were combined in each database using the Boolean operator OR between search terms within each 

category, and the operator AND between the sets of search terms comprising the two categories. Thus, 

we combined terms related to parent math support (e.g., parent*, matern*, mother*, father*, home*, 

famil*) with those related to math outcomes (e.g., math*, counting*, numer*, and arithmet*).  

We conducted the search in several databases, including the Cochrane Database of Systematic 

Reviews, ERIC, MEDLINE, PsycINFO, Web of Science, Scopus, and Google Scholar. Other search 

strategies included: (a) hand-search of relevant journals in the field (e.g., Child Development, 

Developmental Psychology, Early Childhood Research Quarterly, Parenting: Science and Practice); (b) 

citation searches by inspecting articles citing our selected studies; (c) inspecting reference lists of 

identified studies; and (d) ProQuest database in search for grey literature, more specifically theses and 

dissertations. Of the initial 2,163 abstracts screened, 135 studies were included and assessed for further 

full-text screening. From these, 90 were excluded because they did not fulfill the inclusion criteria (e.g., 

did not include preschool-aged children, did not include a math skills outcome) or they assessed math 

outcomes together with verbal and general aptitude dimensions. In 10 studies, the authors did not report 



PARENT MATH SUPPORT AND MATH SKILLS 16 

the relevant coefficients and therefore were contacted by email. Three of these authors provided the 

relevant coefficients. This resulted in a total of 45 studies to be included in the analyses (see Figure 2).  

 

Eligibility Criteria  

Our search strategy included quantitative studies published in peer-reviewed journals and 

theses/dissertations published between 1985 and 2020 and written in the English language. The selection 

of the studies was conducted in two different steps: (i) screening by titles and abstracts, and (ii) full-text 

screening of all the articles that were found as potentially relevant for the review. We selected studies 

which (a) had a design that established an association between early parent math support in the home 

and children’s math skills (concurrently or longitudinally), and (b) reported concurrent and/or 

longitudinal data on typically developing preschool children (from 3-5 years old or still not in formal 

schooling equivalent to first grade) and their mother and/or father. We had no exclusion criteria as to the 

length of the follow-up, which ranged from 6 months to 13 years.  

As for our variables of interest, studies had to assess the association between parent math support 

and their children’s math skills. On the one hand, eligible studies had to examine parent math support 

through the assessment of numeracy and/or spatial support related to materials and formal activities 

focused on math skills (e.g., counting, arithmetic operations, using geometrical shapes) or informal 

activities and materials (e.g., numeracy games, puzzle play, number talk). We included studies that 

assessed these activities either through parent self-report tools or observational scales aimed to measure 

parent math support referring to active play or parent-child interactions. We excluded studies based on a 

broad definition of parent involvement such as studies involving support outside the home context (e.g., 

parent activities organized at the school), and those focusing on the general home environment not 

specific to math (e.g., which reported on parents’ education, SES, parents’ attitudes or expectations 
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toward math, general parenting styles), that did not include any reporting of formal or informal use of 

materials and activities involving math concepts. On the other hand, eligible studies had to include 

assessment of math skills concurrently or longitudinally and report primary outcome measures on math 

skills such as number sense, counting, calculation, math problems, etc., assessed with more general test 

batteries or more specific math competence scales. Examples of parent math support in the home and 

math-skills measures taken from our preliminary searches are reported in Table 1. Finally, we inspected 

studies for the same labs/research groups to make sure they referred to different samples and in one case 

(see footnote on Table 2) one study was eliminated because it referred to analyses of the same dataset. 

Characteristics of Selected Studies 

Selected studies (n = 45) included 22 cross-sectional studies, 16 longitudinal studies, and 7 

studies that included both cross-sectional and longitudinal analyses. These articles were published 

between 2004 and 2020. Twenty of these studies assessed both formal and informal math support by the 

parents, whereas 17 studies included only informal components (e.g., playing math games), and 8 

included only formal components (e.g., doing math exercises). Nineteen studies measured math 

outcomes with comprehensive assessments, that is, complete math test batteries (with two of these 

studies also including a measure of counting/number knowledge); 10 studies included measures of math 

problems (5 of which included also measures of arithmetic and 1 study included also arithmetic and 

counting/number knowledge); 6 studies included measures of arithmetic only; 4 studies included 

measures of  arithmetic and counting/number knowledge measures; and 6 studies included measures of 

counting/number knowledge only (see Table 2). 

 

Moderators 

The following moderators were examined: 
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Type of Exposure and Outcome  

Type of parent math support. Type of parent math support was coded as formal when it involved 

the frequency with which parents purposefully taught math activities to their children (e.g., teaching the 

child how to count), informal when it was part of play materials and activities (e.g., playing board 

games, cooking together or grocery shopping), or mixed when it assessed both. 

Math skills. The type of math outcome was coded as counting and numerical knowledge (e.g., 

tasks assessing number naming, symbolic and non-symbolic number line estimation, number 

comparison, one-to-one correspondence, number order, numeral identification, ordinality, number 

combinations, and oral counting), arithmetic skills (e.g., additions, subtractions, written arithmetic, and 

arithmetic fluency tasks), comprehensive assessment (e.g., batteries of early math abilities), and math 

problems (e.g., Applied Problems subtest of the Revised Woodcock-Johnson Psycho-Educational 

Achievement Tests). 

Matched specificity between parent math support and math skills. This variable was coded as 

specific-specific, when measures of both parent math support (exposure) and math skills (outcome) were 

assessments of isolated tasks/skills (e.g., just numeric reasoning), as global-global when both exposure 

and outcome were comprehensive assessments (e.g., complete test batteries), as specific-global when the 

exposure was specific and the outcome was global, and as global-specific when the exposure was global 

and the outcome specific.  

Participants’ Characteristics  

Children’s Age. The mean age (at T1) in months of the participants was coded and assessed as a 

continuous variable. 

Children’s Gender. The percentage of boys in each study was calculated and considered as a 

continuous variable. 
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Gender of the Parent Offering Support. The percentage of mothers who reported on math 

support in each study was calculated and considered as a continuous variable. 

 

Parent Education  

Parent education was coded as low (the majority of the sample did not have more than a high 

school diploma), middle (the majority of the sample attended some form of higher education but did not 

complete a bachelor’s degree), and upper-middle (the majority of the sample completed a bachelors’ 

degree). Parent education level was mostly reported in the articles jointly as “parent education” (70% of 

the articles), and as maternal education only (20%). Only two articles reported parent education level as 

the highest education of both parents. Finally, one article reported education for just the “primary 

caregiver” and another article reported “average education of both parents”.   

Coding and Calculation of Effect Sizes 

We coded the studies that met the criteria for inclusion in this meta-analysis by extracting 

correlation coefficients (Pearson’s r) for the associations between parent math support and children’s 

math skills and recorded sample size (N). In other words, the articles needed to provide correlations or 

sufficient information to calculate an estimate of the effect size of parent math support and children’s 

math skills. When multiple indicators of our variables of interest were reported (i.e., correlations derived 

from different math measures or measure subscales), these were also coded, but we did not include both 

correlations on total scores and subscales, to avoid redundancy in the data. Some studies reported both 

concurrent (e.g., correlations among parental math support and math skills at T1) and longitudinal data 

(e.g., correlations among parental math support at T1 and math skills at T2). In these cases, effects for 

each time point were considered separately. As for longitudinal studies with multiple time point 

assessments, we coded data on the longest follow-up only. 
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To conduct the analyses, we first converted the correlations to Fisher’s Z to approximate a 

normal distribution of population effect sizes (Cohn & Becker, 2003). Note that in our dataset, a higher 

correlation indicated a stronger association between parent math support and children’s math skills. 

Once the analysis was performed, we converted the results back to Pearson’s r correlation coefficients to 

facilitate their interpretation. 

Each effect size was coded on different rows of the dataset and studies’ information included 

five main sections: (1) identification of study features (title, authors); (2) study design (e.g., cross-

sectional vs. longitudinal); (3) participants’ characteristics (children’s age and gender, gender of the 

parent offering support, parent education); (4) math support variables (type of parent math support 

measure); (5) math outcomes (measures of math skills); (6) potential sources of bias (geographical area 

and type of publication); and (7) methodological quality of the selected studies. 

To ensure the reliability of the coding procedures, two of the co-authors independently double-

coded 26% of the articles (12 out of the 45) included in the meta-analysis. The quality of the coding was 

calculated on the effect sizes extracted for each study by using interrater reliability with Cohen’s kappa 

(Cohen, 1960). A Cohen’s kappa of .89 CI [.80, .97] was achieved, indicating high interrater reliability. 

 

Statistical Analysis 

We performed our analyses using “metafor” (Viechtbauer, 2010) and “clubSandwich” 

(Pustejovsky, 2017) in R statistical software package (R Core Team, 2020). We implemented Correlated 

and Hierarchical Effect models as this is recommended to estimate meta-analytic effects once 

accounting for complex structures of dependencies in the data (CHE; Pustejovsky & Tipton, 2021). CHE 

models derive from Robust Variance Estimation (RVE) models for handling effects and variance 

estimates related to within and between study dependencies (Fisher & Tipton, 2015; Tipton & 
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Pustejovsky, 2015; see also Pustejovsky & Tipton, 2021). RVE includes two different working models: 

the “correlational effects”, which derive from the assumption that dependencies within studies result 

from sampling errors since multiple effect sizes are estimated on the same sample (i.e., a study includes 

several measures of the same construct or measures on different constructs), and “hierarchical effects”, 

which are based on the assumption that dependencies in studies are nested because effect sizes derive 

from independent samples sharing some features (i.e., multiple research studies are conducted by the 

same lab or research group). These two models can be implemented simultaneously in the CHE models 

within a multilevel modelling framework. In our meta-analysis, we performed CHE models in two steps. 

Firstly, the structure of variances among effect sizes was computed in the “clubSandwich” package 

(Pustejovsky, 2017) by using a block-diagonal covariance matrix which assumed a correlation of ρ = 0.5 

among effect sizes clustered in studies (Pustejovsky & Tipton, 2021). Then, the structure of variances 

was used in a two-level random effects model, with random intercepts for studies and individual effects, 

using maximum likelihood estimation (see Borenstein et al., 2011).  

To assess variability in results and heterogeneity among studies, we used the following statistics: 

(i) Q-statistic to test the null-hypothesis that there is homogeneity in the underlying true effect size 

(either between or within studies); (ii) the I² to determine the percentage of variance attributable to true 

heterogeneity rather than sampling error; and (iii) the τ to examine the standard deviation of the true 

effect sizes between studies and between effects (Borenstein et al., 2011). In addition, we tested 

moderators as predictors in the meta-regression. Sometimes studies failed to report data on all 

moderators of interest, and we, therefore, conducted the moderator analysis only for moderators with at 

least k = 5 studies with complete information. A similar criterion was applied to categorical moderators, 

that is, the moderator analysis was performed only on levels of the moderator represented by at least k = 

5 studies.  
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Publication bias. We assessed publication bias using various methods. First, we examined 

moderators related to potential sources of publication bias, including geographical area (i.e., where the 

study took place was coded into “Asia”, “Europe”, “US”, and “Others”) and publication type (i.e., 

papers published in peer-review journals were coded as “published” and theses as “unpublished”). 

Secondly, we assessed contour-enhanced funnel plots in which the reference line was 0. The 

contours referred to different levels of two-tailed p-values, and each effect size estimate was plotted as a 

function of the standard error of those estimates. When publication bias related to underreporting of non-

significant findings is present, the plot is asymmetrical with missing effect size estimates in the 

rightward area due to underreporting of non-significant results in studies with small samples. As relying 

just on visual inspection of the funnel plot is unreliable, we quantitatively assessed its asymmetry using 

the Egger’s tests (Egger et al., 1997). The Egger’s test consists of a meta-regression in which the 

standard errors of the effect size estimates are used as predictors. When the Egger’s test is significant, 

this points out to an asymmetry in the funnel plots. In this case, it is possible to perform the PET-PEESE 

analysis (Carter et al., 2019). The PET-PEESE method consists of two conditional meta-regressions in 

which the standard errors (first step) and variances of the effect size estimates (second step) are entered 

(once at a time) as a predictor of the effect size estimates (Egger et al., 1997; Stanley, 2008; Stanley & 

Doucouliagos, 2014). While the Egger’s test examines whether the slope is statistically significant, the 

PET-PEESE method examines the intercepts that are interpreted as the unbiased estimates once 

accounting for small-study effects. According to Stanley’s (2017), when the PET estimate is statistically 

non-significant, the PET estimate is taken as the PET-PEESE estimate. However, when the PET 

estimate is statistically significant, the PEESE estimate is used as the PET-PEESE estimate (i.e., PEESE 

is considered a better estimate when the PET indicates a non-zero true effect size).  
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Assessment of study quality. We used the Joanna Briggs Institute (JBI) critical appraisal checklist 

for cross-sectional studies to evaluate study quality (Moola et al., 2020). The JBI aims to assess the 

methodological study quality and possible sources of bias. The protocol checklist evaluates the 

following areas: (i) inclusion criteria and sample description; (ii) validity and reliability of the exposure 

measures; (iii) identification and strategies to account for confounding factors; (iv) validity and 

reliability of outcome measures; and (v) suitability of the statistical analyses. We adapted the checklist 

identifying seven main criteria related to potential biases: (1) inclusion criteria for selecting participants 

(age, gender, and parent education); (2) details of participants and study context (e.g., inclusion criteria); 

(3) quality of the instrument used to assess parent math support (e.g., reliability); (4) extent to which 

confounding factors were identified (e.g., child language skills); (5) extent to which these confounding 

factors were controlled for in the analyses; (6) quality of the instrument used to assess  math skills (e.g., 

standardization); and (7) quality of the statistical analyses. This tool has been considered to have 

adequate face validity and it has been recommended for the evaluation of cross-sectional studies (Ma et 

al., 2020). Given the lack of any current tool for study appraisal of studies that do not include a 

comparison group (not-experimental and not randomized), it was the view of the JBI research group that 

this tool would be made available to help researchers conduct their systematic reviews (Munn et al., 

2020; Ma et al., 2020). 

All included studies were assessed by two independent coders and disagreements were solved by 

consensus. Each study was rated on these seven items as a “1” (Yes, fulfills the criterion) or “0” (No, 

does not fulfill the criterion). We created a general appraisal for each study by computing the proportion 

of “yes” responses on the possible maximum “yes” codings. In accordance with the JBI Reviewers’ 

Manual (Joanna Briggs Institute, 2016), the following cut-offs were agreed prior to rating each study: 

high-bias = lower than 49%; moderate-bias = from 50 to 69%; low-bias = higher than 70%.  
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Results 

We first assessed the concurrent associations between parent math support and math skills, and 

the effect of moderators in that relation. Then, we evaluated the longitudinal association between parent 

math support and later math skills. Finally, we examined results from the publication bias analysis and 

assessment of study quality for the concurrent and longitudinal studies. 

Primary Analysis of the Concurrent Association Between Parent Math Support and Children’s 

Math Skills 

The concurrent association between parent math support and children’s math skills was 

investigated in 29 studies, including 137 effect sizes. These studies were published from 2004 to 2020 

and included 3882 children with a mean age of 4.99 years (M = 59.83, range from 38 to 82 months, 

49.50% boys) and their parents (82.98% mothers). The overall meta-analytic estimate showed a positive 

and statistically significant, albeit small, association between parent math support and children’s math 

skills, Pearson’s r = .13, 95% CI [.09, .17], and the overall heterogeneity was moderate (I2 = 68%). 

Heterogeneity in the estimated true effect size across studies (𝜏study = .04) was small and heterogeneity 

between effect sizes (ω = .12) was large. As there were too many single effect sizes (k = 137), the forest 

plot refers to the single effect sizes (transformed to Pearson’s r) aggregated by study (see Figure 3). 

Moderator Analysis on the Concurrent Association Between Parent Math Support and Children’s 

Math Skills  

First, we examined moderators related to the type of exposure and outcome, such as the type of 

parent math support and math skills, and the matched specificity between exposure and outcome. For the 

type of parent math support, we had an adequate number of studies for the analysis for formal (13 

studies), informal (14 studies), and mixed activities (9 studies). However, there was no evidence of a 
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difference between the three categories, Q(2) = .27, p = .873. The Pearson’s r was .13 [.08, .19] for 

formal, .12 [.06, .17] for informal, and .12 [.06, .19] for mixed activities.  

As for math outcomes, most studies used comprehensive assessment batteries (14 studies), 

counting & numerical knowledge (11 studies) or arithmetical skills (8 studies), with only a few 

examining math problems (3 studies). When comprehensive assessment batteries, counting and 

numerical knowledge and arithmetical skills were compared, the moderator analysis was non-

significant, Q(2) = 1.37, p = .503, and the Pearson’s r comprehensive assessment, r = .15 [.08, .22], 

counting and numerical knowledge, r = .11 [.06, .16], and arithmetical skills, r = .09 [.02, .17] were 

similar. In addition, we examined the moderator effect of the matched specificity between exposure and 

outcome. We had a similar number of studies examining global exposure with specific outcome (10 

studies), global exposure with global outcome (8 studies), specific exposure with global outcome (7 

studies), and specific exposure with specific outcome (7 studies). The moderator analysis was only 

marginally significant Q(3) = 7.81, p = .05, most certainly due to lack of power. The Pearson’s r was r 

= .14 [.08, .19] for global exposure with specific outcome, r = .24 [.14, .34] for global exposure with 

global outcome, r = .09 [.01, .17] for specific exposure with global outcome, and r = .08 [.14, .15] for 

specific exposure with specific outcome. As the magnitude of the effect sizes was larger for the two 

categories involving global exposure (although this was especially true for the category global exposure 

with global outcome), we conducted an additional analysis enabling us to compare just the specificity of 

the exposure, for slightly increased power. There were a few more studies using global as opposed to 

specific measures of parent math support (17 vs 13 studies, respectively). The moderator analysis was 

statistically significant Q(1) = 4.75, p = .03, with the Pearson’s r for global exposure, r = .17 [.12, .23], 

showing higher correlations than for specific exposure, r = .08 [.02, .14].  We could not examine 

observational data vs. self-report, nor quality vs. quantity of math exposure as moderators, because not 
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enough selected studies were observational studies (and very few reported on the quality of parental 

math support). 

Second, we assessed moderators related to participants’ characteristics - children’s age and 

gender and gender of the parent offering support – as well as parent education. All 29 studies reported 

information on children’s age and gender, but neither emerged as a statistically significant moderator 

with Q(1) = .02, p = .901, B = .0002 and Q(1) = 1.12, p = .289, B = -.39, respectively. Twenty-three 

studies included data on gender of the parent offering support, but this variable did not emerge as a 

statistically significant moderator, Q(1) = 1.04, p = .309, B = -.05. As for parent education, we had a 

sufficient number of studies for middle (10 studies) and upper-middle (13 studies) education levels, but 

not for low education level (3 studies). When middle and upper-middle levels were compared, no 

statistically significant differences between these two levels of the moderator emerged, Q(1) = .15, p 

= .697. The Pearson’s r in these two categories corresponded to .14 [.06, .22] for middle and .12 

[.05, .19] for upper-middle education level. 

Primary Analysis of the Longitudinal Association Between Parent Math Support and Children’s 

Math Skills  

As for the longitudinal association between parent math support and later math skills, 23 studies 

with 64 effect sizes were found. Altogether, studies were published from 2010 to 2020 and included 

11420 children with a mean age of 7.13 years (M = 85.54 months, range from 22 to 180 months, 53.17% 

boys) and their parents (87.89% mothers). Longitudinal assessments were conducted with a mean 

follow-up of 35.45 months ranging from 6 to 162 months. 

The overall meta-analytic estimate between early parent math support and later math skills was 

positive and statistically significant, albeit small, Pearson’s r = .15, 95% CI [.09, .20], and the overall 

heterogeneity was high (I2 = 87%). Heterogeneity in the estimated true effect size across studies (𝜏study 
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= .10) and heterogeneity between effect sizes (ω = .11) were large. We aggregated the single effect sizes 

(transformed to Pearson’s r) by study and reported them in a forest plot to provide the information on 

each single study (see Figure 4). 

Publication Bias Analyses 

First, we examined possible sources of bias by evaluating geographical area and publication type 

as moderators of the effect size estimates in the concurrent and longitudinal studies. Most of the cross-

sectional studies were conducted in the US (15 studies), some in Europe (6 studies) and Asia (6 studies), 

and only a few in other countries (4 studies). The moderator analysis did not indicate a statistically 

significant difference between the three levels of the moderator (i.e., the US, Europe, and Asia), Q(2) = 

2.24, p = .326. Pearson’s r corresponded to .16 [.09, .23] for studies conducted in the US, .19 [.08, .29] 

for studies located in Europe, and .10 [.02, .17] for studies identified in Asia. As for longitudinal studies, 

most research was carried out in the US (10 studies) and Europe (9 studies), and only a minority in Asia 

(1 study) or other countries (4 studies). When the US and Europe were considered, the moderator did not 

emerge as a significant, Q(1) = 2.54, p = .111. The Pearson’s r was .21 [.10, .30] for the US and .09 

[.00, .19] for Europe. As for publication type, there were no unpublished studies either for the 

concurrent or the longitudinal studies to perform the analysis. 

Second, we examined the contour-enhanced funnel plots for the concurrent and longitudinal 

studies, which are reported in Figure 5 and Figure 6, respectively. The Egger’s test was non-significant 

(B = .13, SE = .55, Z = 0.23, p = .816) for the concurrent studies, indicating that the funnel plot was 

reasonably symmetrical. As the Egger’s test was non-significant, we did not perform the PET-PEESE 

analysis for the concurrent studies. Then, we conducted the Egger’s test for the longitudinal studies. 

Results indicated a statistically significant effect (B = 1.79, SE = .71, Z = 2.53, p = .011), suggesting that 

the funnel plot was asymmetrical and there was bias related to small-study effects. Thus, we conducted 
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the PET-PEESE analysis. The PET showed that the bias-corrected effect was positive but no longer 

significant, r = .01 [-.10, .13], p = .841. As the PET was not significant, the PEESE was not performed. 

Assessment of Study Quality 

The results of the methodological quality assessment showed that, of the 45 articles considered, 

27 (60%) were judged to have “low” risk of bias, 14 (31%) had a “moderate” risk of bias (31%), and 4 

(9%) had a “high” risk of bias. We did not find any significant differences in the overall ratings between 

concurrent and longitudinal studies when performing non-parametric mean comparisons of scores 

obtained in the two types of studies (U = 196.5, p = .190). In terms of the seven criteria evaluated, four 

of them (criteria 1, 2, 6, and 7) obtained 80% or more of 1s (“Yes” fulfills the criterion), whereas three 

of them (criteria 3, 4 and 5) had lower rates of 1s (56, 44, and 31% respectively). Note that criterion 3 

refers to the quality of the exposure measure used to assess parent math support. In fact, many of the 

articles included ad-hoc measures developed for the specific studies or used adapted versions of 

standardized parent math support measures, not always validated, or not including reliability data on the 

study sample. Moreover, criteria 4 and 5 refer to the ability to identify and account for confounding 

factors like child language or parent IQ. In fact, only a small percentage of selected studies reported 

adequate data on confounding factors such as child language measures. There were significant 

differences for criteria 4 and 5 between cross-sectional and longitudinal studies, with the latter showing 

higher quality ratings than the former (criterion 4, U = 145.5, p = .005; criterion 5, 165.5, p =.014). No 

significant differences were found for the remaining criteria between cross-sectional and longitudinal 

studies.  
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Discussion 

This study focused on examining the meta-analytic association between parent math support in 

early childhood and math skills of children from diverse nationalities in Europe, America, and Asia. We 

investigated the moderating role of i) type of parent math support; ii) type of math outcome; iii) matched 

specificity between exposure and outcome; iv) child age and gender; v) gender of the parent offering 

support; and vi) parent education. Our findings supported a small but significant positive association 

between parent math support and children’s math skills both concurrently, r = .13 95% CI [0.09, 0.17], 

and longitudinally, r = .15 95% CI [0.09, 0.20], indicating that, on average, higher parent math support 

is associated with better maths skills in their children. Concurrent and longitudinal effects were similar 

in terms of their magnitude, although caution is need in establishing a parallel because the estimate for 

the longitudinal studies was affected by studies with small samples and it is therefore not robust. Our 

results are consistent with the findings of the recent meta-analytic study conducted by Daucourt et al. 

(2021), confirming and isolating the effect of parental math support in the preschool period. They also 

found small and positive associations between HME and child math outcomes, although their exposure 

measure also included parents’ beliefs and attitudes toward math and not only parent math activities in 

the home, like our study did. 

We found a moderate heterogeneity for the concurrent and longitudinal studies, with Pearson’s r 

correlations aggregated by study varying between -.47 and .57 for the former and between -.10 and .47 

for the latter. However, none of the assessed moderators accounted for variation in the results of the 

concurrent studies. It is worth noting that there were few studies on low-education and including 

measures of math problems and, consequently, we had limited information on these variables to 

compare categories within each moderator and fully assess the role of parent education and type of math 

skills in the moderator analyses. It was also not possible to test the joint role of our moderators in the 
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same meta-regression as only 17 concurrent studies reported complete information on all the variables of 

interest. Overall, these results may indicate that we had limited power to examine the role of our 

moderators in explaining variation in the results. The exception was the role of the variable specificity of 

the exposure. A significantly higher effect was found for studies including a global parent math support 

(exposure) measure when compared to studies using a specific measure. This could point to the 

importance of using varied tasks and activities when stimulating children’s math abilities at home. 

Our meta-analysis focused on children between 3-5 years of age at exposure and we could not 

find any age effects within this narrow age range. Daucourt et al. (2021) found a moderator effect of 

grade, with younger children at exposure showing the strongest effects. However, our results cannot be 

compared directly with those from Daucourt et al. since they considered children’s grade. These authors 

also found other moderator effects such as the type of math outcome, with numerical reasoning being 

the only outcome associated with every aspect of their exposure variable. Notably, they also found 

associations between parent activity measures (similar to our parent math support variable) and 

numerical reasoning, which included skills like counting and number recognition (and, therefore, similar 

to our Counting/Number Knowledge subdomain). 

As for potential sources of bias, geographical area did not explain variation in the results in the 

concurrent or longitudinal studies. In addition, no unpublished studies were retrieved to analyse 

publication type. When it came to publication bias analysis, results showed small-study effects for 

longitudinal but not for concurrent studies. As for the longitudinal studies, the PET analysis indicated 

that there was publication bias and that the bias-corrected effect may be null. Notably, PET-PEESE 

performs poorly in meta-analysis with few studies, studies with small samples, or high heterogeneity 

between studies (Stanley, 2017). However, initial simulation results indicated that the PET-PEESE 

estimator’s performance is promising (Stanley & Doucouliagos, 2014), and additional evidence shows 
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that, under the same conditions, the PET-PEESE performs better than the conventional meta-analysis 

approaches (Stanley, 2017).   

Unique advantages to our meta-analysis include: (i) precise focus (i.e., associations between 

early parent math support and children’s math skills); ii) focused age range (i.e., parent math support 

occurring within a narrow age range before school start, thus isolating the effect of parent math support 

before formal schooling, a time when parent influences may be particularly relevant); (iii) inclusion of 

both concurrent and longitudinal studies (with varied and long follow-ups specified for each study); (iv) 

use of advanced meta-analytic methods to handle dependencies in the data; and (v) examination of the 

methodological quality of selected studies. In fact, our study had the advantage of including a 

quantitative analysis of the association between parent math support and children’s math skills focusing 

on a targeted age group of children upon exposure (3-5 years). This makes it easier to compare initial 

assessments and outcomes and capture a more uniform set of measures of both parent math support and 

math skills. Secondly, one other strength of our meta-analysis is that the selected studies included 

longitudinal follow-up data, which enabled us to establish long-term associations between parent math 

support and children’s math skills within varied and long follow-up periods from 6 months to 13.5 years 

(average 2.4 years). Thirdly, we used state-of-the-art meta-analytic techniques, such CHE models 

derived from Robust Variance Estimation (RVE), which are privileged models for handling effects and 

variance estimates related to within and between study dependencies. The sophistication of the statistical 

methods employed helped attain more reliable findings and calculate more precise estimates. Finally, we 

can assume there was a low risk of bias due to the quality of selected studies. Our standardized appraisal 

of each study revealed generally good methodological quality based on all parameters, with the 

exception of the parameter involving the validity of the measure of parent math support (exposure) and 

the parameters involving confounding factors. In fact, the lack of standardized measures to assess parent 
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math support in the home was reflected in a majority of ad-hoc measures and translated measures, which 

were sometimes not validated for a given dataset. This seems to be a shortcoming in this field, 

suggesting the need for reliable and valid measures to assess parent math support in the home. Also, 

most studies in this field fail to include and control for important confounding factors such as child 

language skills or IQ.  

Limitations and suggestions for future studies 

It is important to note that our effects were small in magnitude and very similar to the 

correlations found in the previous meta-analysis by Daucourt and colleagues, which albeit having a 

much wider focus, is the closest study to ours, serving as a benchmark to interpret our effect sizes 

(Funder & Ozer, 2020). Moreover, we found heterogeneity of effect sizes across studies, which we were 

not able to account for with our chosen moderators. It is possible that some of that heterogeneity is due 

to methodological aspects, such as the quality of the parent math support measures, or to the fact that we 

did not have enough studies and therefore lacked enough power to detect such sources of variability, 

specifically for some of the moderators. In fact, the small sample sizes for subgroup analyses did not 

enable us to draw any conclusions regarding the robustness of our moderator null findings, namely those 

related to low parent education, fathers as those providing math support, and math problems as 

outcomes.  

Another important aspect is that we initially aimed to include language skills as a moderator. 

Early language skills (e.g., general vocabulary, number words) have been found to mediate the relation 

between parent education and math ability (e.g., Slusser et al., 2018), although more complex language 

and mathematics skills are associated with stronger relations between language and mathematics (e.g., 

Peng et al., 2020). However, in our dataset, only 16 of the reviewed studies reported data on language 

measures (mainly the Peabody Vocabulary Test) and these were raw data rather than standardized data, 
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which carried additional problems since the selected studies referred to samples from different 

countries/languages. We tried our best to retrieve data from the authors but, in the end, we were left with 

insufficient data available, which did not enable us to further analyze the moderator role of language 

skills in the relation between parent math support and math ability. Further studies should include 

measures on children verbal and general ability and also, ideally, on parents’ abilities (IQ, verbal ability 

and math skills) in order to enable research designs that isolate the individual contribution of parent 

math support to children’s math outcomes. 

Another limitation of our study is the inclusion of solely published articles. Study selection was 

based on a large initial pool of published data, and we devoted great effort to the search for grey 

literature carefully reviewing materials registered in the ProQuest Database for Theses and Dissertations 

from 1985 to 2020. However, we found no unpublished studies that fulfilled our criteria. The works 

scanned were often focused on math intervention studies carried out in the educational context. In fact, it 

appears that placing the focus on parent math support in connection to children’s math skills is a 

somewhat recent endeavor. All eligible articles were published after 2004, although our searches started 

with studies dating back to 1985. Therefore, our selection includes studies published over a short period 

span of only 16 years and that can explain the non-existence of grey literature in the ProQuest Database 

that fulfilled our inclusion criteria. We have also contacted a research association expert in the field in 

an attempt to reach grey literature in the broader research community, but we did not receive any 

feedback to our request within our established timeframe.  

Given the methodological salience of observational studies in the field of developmental 

psychology (Ostov & Hart, 2013; NICHD, 1999), notably those involving quality ratings of parent-child 

interactions, we point as a further limitation that, due to very few observational studies included in this 

meta-analysis, we could not disentangle the effect of parent math support assessed with this kind of 
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methodology. Our findings are therefore largely based on self-report questionnaires and frequency 

counts of instances/activities involving parent math support and conclusions cannot be drawn to either 

observational studies or those involving quality ratings of parent math support. 

Another limitation of this study deserves acknowledgment. There is considerable variation in the 

literature with regard to terminology relating to parent/caregiver support of math skills in the home. 

Terms like parent involvement, parent support, parent engagement have been used more or less 

interchangeably, which posed challenges in guaranteeing full coverage of the relevant studies. However, 

we are confident that our study selection depicts the current state of the art with regards to the literature 

on the association between parent math support and math skills. Finally, our study included only 

typically developing children and so our conclusions can only be applied to normative samples and no 

assumptions can be drawn to specific populations such as children at-risk for developmental disabilities, 

language impairments, and so on.  

Finally, another limitation of our study was related to parental education and its relation to math 

support in the home. As we have seen, in most studies, the caregivers reporting on math support were 

mothers but most articles (70%) offered information on educational level for both parents, without 

informing how the index was calculated. Hence, without alignment between the parent whose education 

is being reported and the parent who reports math activities in the home, it is not possible to make sense 

of the contribution of parent education to math support and their interplay as relevant for child math 

skills. 

Conclusions and Implications 

This meta-analytic study yielded important conclusions with respect to the association between 

parent math support and children’s math skills, an important finding that can have implications for 

research and educational practices. Our study supports the relevance of early math interventions 
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supporting parents’ provision of math related activities and materials in the family microsystem over the 

preschool period, which may be particularly beneficial for children at risk for poor math skills (Mix & 

Cheng, 2012).  

Dearing and associates (2012) found that the general quality of the home learning environment 

and specific math activities in the home both mediated the relation between family socioeconomic 

factors and math skills. Ultimately, such results can support the long-term goal to provide math training 

to parents so they can compensate for the effects of deprived environments due to socioeconomic 

factors. Further research is warranted to be able to offer evidence-based recommendations for the 

particular importance of parent math support for low-income families, since our study did not include 

enough data on such families. In particular, understanding family stress and parental investment 

pathways, often identified as mediating mechanisms between family income and child outcomes (see 

e.g., Duncan et al., 2015), would be an important future direction. Furthermore, studies should also 

strive to clarify the confounding issue of using different SES measures (e.g., Ensminger et al., 2003), for 

example, disentagling the effect of SES measured with a single vs. multiple indicators on math 

outcomes. 

Building on a (bio)ecological approach, we confirmed our hypothesis that parent math support 

predicts better math skills both concurrently and longitudinally. We were not able to draw conclusions 

for the moderator effects of type of parent math support, type of math skills, child age, child/parent 

gender and parent education, due to both non-significant findings and small sample sizes in a given 

category (e.g., not enough individuals from low parent education backgrounds). Future studies are 

warranted to investigate aspects of the model not contemplated by our design such as issues related to 

differences in parent math support across families, school systems, and communities. This meta-analysis 

pointed to the importance of considering the association between parent math support in the home and 
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children’s math skills. This finding can be a starting point to future studies that can identify strategies 

that optimize parent math support in the home, prior to school entry, to foster early numerical skills and 

later math development. 
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Table 1. Examples of relevant assessments of i) parental math support in the home (exposure) and ii) 

children’s math skills (outcome). 

Assessments of parent math /spatial support Math outcomes 

Parents’ Home Numeracy Questionnaire, a paper-

and-pencil questionnaire, developed by 

Skwarchuk et al. (2014) 

The Test of Early Mathematics Achievement 3rd 

edition: TEMA-3 (Ginsburg & Baroody, 2003) 

Early math questionnaire (EMQ), 36 questions 

focusing on mathematics-related activities 

(Missall et al., 2015) 

The WJ-III Applied Problems subtest math 

(Woodcock et al., 2001) 

Parent report of frequency of 12 specific types of 

activities (e.g., store-bought games involving 

math, playing with math-related toys, playing 

with blocks or other construction toys) (DeFlorio, 

& Beliakoff, 2015) 

Bracken Basic Concepts Scale third edition 

(quantitative subtest, 19 items assessing math 

concepts (quantity, part-whole) (Bracken, 2006) 

Self-report questionnaires about involvement in 

24 numeracy-related activities ranging from 

formal instruction in specific skills (e.g., printing 

numbers and learning simple sums) to informal 

activities involving quantitative content (e.g., 

talking about money when shopping and 

measuring ingredients when cooking) (Huang, et 

al., 2017) 

Child Math Assessment (CMA), 17 tasks covering 

a range of mathematical domains, including 

number sense, arithmetic, geometric reasoning, 

measurement, and patterns (Klein et al., 2000) 

Interview with parents focusing on the frequency 

of the parent’s attempts to teach or encourage the 

use of number concepts and skills, that is, 

counting, basic number facts, demonstration of 

concepts such as seriation, number words, and 

using words related to number concepts (Blevins-

Knabe & Musun-Miller, 1996) 

Basic Arithmetic Test (Aunola & Räsänen, 2007) 

Encouragement of Academic Skills in Young 

Children (EASYC) questionnaire, developed 

following Huntsinger, Jose et al. (2000) cross-

cultural study of children’s academic 

achievement. 

Individual growth and development indicators of 

early numeracy (IGDIs-EN) (Hojnoski & Floyd, 

2013) 

The lady bug game (board game): parents 

instructed to incorporate numeracy activities 

while playing, coded for 5 types of numeracy 

support (Vandermaas-Peele et al., 2012) 

16 story problems based on the Story Problems of 

the Number Competency Core Battery (Jordan, et 

al., 2009) 
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Table 2. Characteristics of included trials. 

Study, year Design  

(CS/L)* 

N  Exposure 

(F/I/FI) ** 

 

Outcome 

Benigno & Ellis, 2004 CS 19/16 I Comprehensive Assessment & 

Counting/Number Knowledge 

Casey et al., 2018 

 

L 140 I Math Problems 

Cheung et al., 2018 

 

CS 673 FI Arithmetic Skills & Counting/Number 

Knowledge   

Cheung et al., 2020 

 

CS 290 FI Counting/Number Knowledge 

De Keyser et al., 2020  

 

L 353 I Counting/Number Knowledge 

DeFlorio & Beliakoff, 2015 

 

CS 178 FI Comprehensive Assessment  

Del Rio et al., 2017 

 

CS 180 F Math Problems 

Elliot et al, 2017 

 

CS 64 I Comprehensive Assessment 

Evans & Field, 2020 

 

L 7263 F Comprehensive Assessment 

Huang et al., 2017 CS 104 FI Math Problems & Arithmetic Skills 

 

Huntsinger et al., 2016 

 

CS & L 200 FI Comprehensive Assessment 

Khanolainen et al., 2020 

 

L 1590 F Arithmetic Skills 
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Kleemans et al., 2012 

 

CS 89 FI Arithmetic Skills 

Kleemans et al., 2018 

 

L 143 FI Comprehensive Assessment 

LeFevre et al., 2009 

 

CS 146 FI Arithmetic Skills 

LeFevre et al., 2010 

 

CS 100/104 F Counting/Number Knowledge 

Lehrl et al., 2020 L 286 FI Math Problems & Arithmetic Skills 

 

Levine et al., 2010 

 

L 44 I Counting/Number Knowledge 

Leyva, 2019 L 210 I Math Problems 

 

Leyva et al., 2017 L 212 I Math problems & Counting/Number 

Knowledge 

Liu et al., 2019 

 

CS 109 FI Comprehensive Assessment 

Lombardi & Dearing, 2020 

 

L 140 I Math Problems 

Lombardi et al., 2017 

 

L 140 I Math Problems 

Manolitis et al., 2013 CS & L 82 F Arithmetic Skills & Counting/Number 

Knowledge  

Missall et al., 2015 

 

CS 72 I Comprehensive Assessment & 

Counting/Number Knowledge   

Napoli & Purpura, 2018 CS & L 114 FI Counting/Number Knowledge 
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Niklas & Schneider, 2014 

 

L 340 F Comprehensive Assessment 

Pan et al., 2006 

 

CS 32/40 FI Arithmetic Skills 

Purpura et al., 2020 CS 129 I Math Problems & Counting/Number 

Knowledge 

Ramani et al., 2015 

 

CS 33 F Comprehensive Assessment 

Ribeiro et al., 2020 

 

 L 932/129 I Comprehensive Assessment  

Segers et al, 2015 

 

CS 60 F Comprehensive Assessment 

Silver et al., 2020 

 

CS 112 I Comprehensive Assessment 

Skwarchuk et al., 2014 L 121 FI Arithmetic Skills 

 

Son & Hur, 2020 

 

CS & L 46 I Comprehensive Assessment 

Susperreguy & Davis-Kean, 

2016 

L 40 I Comprehensive Assessment 

Susperreguy et al., 2020***  CS & L 419 FI Math Problems & Arithmetic Skills & 

Counting/Number Knowledge   

Thippana et al., 2020 

 

CS 97 FI Comprehensive Assessment 

Thompson et al, 2017 

 

CS 71/113 FI Counting/Number Knowledge 

Vandermaas-Peeler &  

Pitttard, 2014 

CS 18 I Comprehensive Assessment 
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Vasiliyeva et al., 2018 L 98 FI Arithmetic Skills & Counting/Number 

Knowledge   

Yildiz et al., 2018 a) 

 

CS 44 FI Arithmetic Skills 

Yildiz et al., 2018 b) 

 

CS 128 FI Arithmetic Skills & Counting/Number 

Knowledge 

Zhang et al., 2020 

 

CS & L 196 I Comprehensive Assessment 

Zippert & Rittle-Johnson, 

2018 

CS & L 63 FI Comprehensive Assessment 

*  CS- Cross-sectional; L – Longitudinal; CS & L – Cross-sectional and longitudinal 

** F- Formal; I – Informal; FI – Formal and Informal 

***: One earlier study by Susperreguy et al. (2020) was eliminated since upon contacting the author, she confirmed that this 

study, which included T1 and T2 only, was expanded as to include the same data (T1 and T2) but also T3 data. We have just 

retained the latter, with the longer follow-up.  
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Figure 1: Analytical Model Predicting Children’s Math Skills 

Note. This model includes variables at the levels of the four defining properties of the bioecological model: Process, Person, Context, and 

Time. For cross-sectional studies, all variables were measured at T1 and for longitudinal studies, the Developmental Outcome (counting and 

numerical knowledge, arithmethic skills, comprehensive assessment, and math problems) was measured at T2. Follow-up time ranged from 8 

months to 13 years.
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Fig. 2. PRISMA flowchart of the process for identifying trials included in the review. 
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Search features: 

• Peer-reviewed articles searched through the Electronic databases: ERIC, MEDLINE, 

PsycINFO, Web of Science, Scopus, from 1985 to 2020. 

• Grey literature search through ProQuest Dissertations and Theses. 

• Hand search in journals specialized in publishing research in early childhood development. 

• Citation searches and scanning of reference lists in previous reviews and meta-analyses. 

Records after duplicates removed 

(n = 2,163) 

Full-text articles assessed 

for eligibility 

(n = 135) 
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Fig. 3. Forest plot of all effects of interest for the concurrent studies. 

Note. Forest plot of the random effect meta-analytical model performed on single effect sizes (Fisher’s 

Z) aggregated by study. In the Figure, effect sizes and CIs are transformed to Pearson’s r to ease 

interpretation. Error bars represent 95% CIs of the random effects. The summary diamond represents the 

overall meta-analytical estimate with its 95% CI. 
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Fig. 4. Forest plot of all effects of interest for the longitudinal studies.  

Note. Forest plot of the random effect meta-analytical model performed on single effect sizes (Fisher’s 

Z) aggregated by study. In the Figure, effect sizes and CIs are transformed to Pearson’s r to ease 

interpretation. Error bars represent 95% CIs of the random effects. The summary diamond represents the 

overall meta-analytical estimate with its 95% CI. 
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Fig. 5. Funnel plot of all effects of interest for the concurrent studies.  

Note. The black dots represent the effect sizes (Fisher’s Z). The x axis represents the effect size, and the 

y axis represents the standard error. The funnel is cantered on the overall estimated effect size, and it 

indicates the width of the 95% CI of an estimated effect as a function of its standard error. 
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Fig. 6. Funnel plot of all effects of interest for the longitudinal studies.  

Note. The black dots represent the effect sizes (Fisher’s Z). The x axis represents the effect size, and the 

y axis represents the standard error. The funnel is cantered on the overall estimated effect size, and it 

indicates the width of the 95% CI of an estimated effect as a function of its standard error. 
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Table 1S 

Comparison of studies included in the meta-analysis by Daucourt et al. and in the current meta-analysis. 

 Authors Year 
Meta-analysis by 

Daucourt et al. 

Current  

meta-analysis 

Exclusion criteria 

applied in the current 

meta-analysis 

1 Benavides-Varela et al. 2016 ⚫  (2) 

2 Benigno & Ellis 2004 ⚫ ⚫  

3 Bennett 2017 ⚫  (2) 

4 Bhanot & Jovanovic 2005 ⚫  (1) 

5 Cai 2003 ⚫  (1) 

6 Cain-Caston 1993 ⚫  (1) 

7 Cankaya 2013 ⚫  (3) 

8 Casey et al. 2018  ⚫  

9 Cheung & Fong 2019 ⚫  (2) 

10 Cheung et al. 2018 ⚫ ⚫  
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11 Cheung et al. 2020 ⚫ ⚫  

12 Ciping et al. 2015 ⚫  (1) 

13 De Keyser et al. 2020 ⚫ ⚫  

14 DeFlorio & Beliakoff 2015  ⚫  

15 DeFlorio 2011 ⚫  (3) 

16 del Río et al. 2017 ⚫ ⚫  

17 Drummond & Stipek 2004 ⚫  (1) 

18 Elliott et al.  2017 ⚫ ⚫  

19 Ellis 2020 ⚫  (3) 

20 Else-Quest et al.  2008 ⚫  (1,2) 

21 Esplin et al. 2016 ⚫  (3) 

22 Evans & Field 2020  ⚫  
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23 Hart et al. 2016 ⚫  (2) 

24 Holod 2012 ⚫  (1,2) 

25 Huang et al. 2017 ⚫ ⚫  

26 Huntsinger et al. 2016 ⚫ ⚫  

27 Khanolainen et al. 2020  ⚫  

28 Kleemans et al. 2012 ⚫ ⚫  

29 Kleemans et al. 2013 ⚫  (2) 

30 Kleemans et al. 2018 ⚫ ⚫  

31 LeFevre et al.  2009 ⚫ ⚫  

32 LeFevre et al. 2010 ⚫ ⚫  

33 LeFevre et al. 2017 ⚫  (3) 

34 Lehrl et al.  2020 ⚫ ⚫  
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35 Levine et al.  2010 ⚫ ⚫  

36 Leyva  2019  ⚫  

37 Leyva et al. 2017  ⚫  

38 Lindberg et al. 2008 ⚫  (1,2) 

39 Liu et al. 2019  ⚫  

40 Lombardi et al. 2017  ⚫  

41 Lombardi & Dearing 2021  ⚫  

42 Manolitsis et al. 2013 ⚫ ⚫  

43 Missall et al. 2015 ⚫ ⚫  

46 Napoli & Purpura 2018 ⚫ ⚫  

47 Napoli & Purpura 2020 ⚫  (3) 

48 Niklas et al. 2016 ⚫  (2) 
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49 Niklas et al. 2016 ⚫  (2) 

50 Niklas et al. 2016 ⚫  (2) 

51 Niklas & Schneider 2014 ⚫ ⚫  

52 Pan et al. 2006  ⚫  

53 Phillipson & Phillipson 2007 ⚫  (1,2) 

54 Puccioni 2015 ⚫  (2) 

55 Purpura et al. 2020 ⚫ ⚫  

56 Ramani et al. 2015 ⚫ ⚫  

57 Ribeiro et al. 2020  ⚫  

58 Segers et al. 2015 ⚫ ⚫  

59 Silinskas et al. 2010 ⚫  (2) 

60 Silver et al. 2020  ⚫  
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61 Skwarchuk et al. 2014 ⚫ ⚫  

62 Söchtig & Niklas 2020 ⚫  (3) 

63 Son & Hur 2020  ⚫  

64 Soto-Calvo et al. 2020 ⚫  (2) 

65 Susperreguy & Davis-Kean 2016 ⚫ ⚫  

66 Susperreguy et al. 2018 ⚫  (2)  

67 Susperreguy et al. 2020 ⚫ ⚫  

68 Susperreguy et al. 2020 ⚫  (2) 

69 Swick 2007 ⚫  (2) 

70 Thippana et al. 2020  ⚫  

71 Thomson et al.  2020 ⚫  (2) 

72 Thompson et al.  2017 ⚫ ⚫  
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73 Uscianowski et al. 2020 ⚫  (2) 

74 Vandermaas-Peeler et al. 2012 ⚫  (2) 

75 Vandermaas-Peeler & Pittard 2014 ⚫ ⚫  

76 Vasilyeva et al. 2018 ⚫ ⚫  

77 Vukovic et al.  2013 ⚫  (1) 

78 Yildiz et al. 2018a ⚫ ⚫  

79 Yıldız et al. 2018b ⚫ ⚫  

80 Zhang et al. 2020  ⚫  

81 Zippert & Rittle-Johnson 2020 ⚫ ⚫  

(1) Studies not focusing (or not exclusively focusing) on children aged 3-5 
(2) Studies reporting other variables rather than parental support (e.g., involvement, attitudes, beliefs, expectations, stereotypes, perceptions), or not 

specifically/not only focusing on math support (e.g., intervention supporting literacy and numeracy in the home learning environment) 
(3) Studies not accessible/available (e.g., not accessible on databases, presented in scientific events, manuscripts in preparation) 

 

 


