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Abstract

:

Most studies on the subject have investigated relations between home math activities and child math skills, without paying much attention to the specific skills that such activities foster and their alignment with children’s math assessments. The present study examined specific relations between subdomains of home math activities and children’s corresponding math skills (e.g., home counting/cardinality activities related to children’s counting/cardinality skills). Participants were 78 mostly middle-income, White parents and their four-year-old children (M age = 53.19 months; 45% girls). Parents completed a 24-item survey about the frequency of home activities supporting five subdomains of math: counting/cardinality, set comparison, number identification, adding/subtracting, and patterning. Children’s skills in these same five subdomains were assessed using the Preschool Early Numeracy Scale (PENS) and the Early Patterning Assessment. Specific relations were observed in set comparison, adding/subtracting, and patterning, such that higher frequency of home activities in these subdomains related to advanced child math skills in the corresponding subdomains. No specific relations were found in counting/cardinality and number identification. Overall home math activities averaged across the five math subdomains positively related to children’s overall math skills. Findings highlight the importance of engagement in specific math activities in the home environment and their significance for corresponding child math development.
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1. Introduction


Children’s math skills at school entry are one of the strongest predictors of later academic achievement [1]. One of the factors that have been proposed to influence such skills are the experiences of the children with math-related activities at home [2]. Despite the widespread notion that home math activities are beneficial for children’s early math development, empirical studies on the relations between home math activities and children’s math skills reveal mixed results [3]. Many studies find positive relations [4,5,6,7,8]; however, some others find no associations [9,10,11,12] or even negative associations [13,14]. In their review of the literature [15], Elliott and Bachman identified, among others, two themes constraining research in this area: (1) broad assessments of home math activities, whereby home activities with very diverse math foci are clustered into one or two composite measures, and (2) broad assessments of children’s math skills, whereby skills belonging to diverse math subdomains are clustered into a single composite measure.



We sought to address these two shortcomings of previous studies by asking parents to report about specific home activities by subdomains of math and assessing children’s math skills in these very same subdomains. We then examine the relations between these home math activities and children’s math skills. Three prior studies have examined math subdomain relations [11,16,17]. However, these studies have grouped several skills (i.e., counting and cardinality, set comparison, adding and subtracting, number identification) into a single “numeracy” cluster. To our knowledge, this is the first study to “unpack” the numeracy cluster and examine subdomain-specific relations between home math activities and children’s math skills. By investigating these relations, we aim to advance our understanding of home influences in children’s math development which may ultimately guide future intervention studies targeting specific subdomains of children’s emerging math skills.



1.1. Subdomains of Math Skills


We focus on five subdomains of math skills that are foundational for math development during the preschool years and that have consistently been included in prior literature: counting and cardinality, set comparison, number identification, adding and subtracting, and patterning [18,19]. Below, we briefly review the literature on each skill.



1.1.1. Counting and Cardinality


The skills of counting and cardinality represent a child’s ability to recognize the one-to-one correspondence between numbers and sets of objects, the stable order of numbers in a counting sequence, and the idea that the last number in a counting sequence is the value of that set. Initially, children may have memorized the list of number words, but they do not understand the meaning of the words. That is, when asked to give one object, they may hand any number of objects. Around 2.5 years of age, children start to understand the meaning of “one” and reliably give one object when asked for it. However, it takes most children several more months to arrive at an understanding of the word “two” and even after that several more months before they understand the word “three” [20]. Children have grasped the concept of cardinality when they understand that adding one more object means counting to the next number [21]. Children who develop the cardinality principle within the first year of preschool (age 3) have higher math achievement in first grade than children who develop this skill in kindergarten [22]. Furthermore, preschool children (4- to 5-year-olds) with better counting and cardinality skills have more advanced adding and subtracting skills [23]. Finally, advanced counting skills in preschool, like counting backward, are also one of the best predictors of fifth grade math achievement [24].




1.1.2. Set Comparison


When children learn to compare groups of objects using words like “more”, “less”, “most”, and “least”, they are developing an understanding of ordinal relations between quantities. These skills can develop separately from other foundational math skills (i.e., counting and number identification), as it is not necessary to know the exact number of objects in each group to successfully compare two groups [25]. Research with 3- to 5-year-old children shows that children’s set comparison skills positively relate to their numbering (i.e., counting and cardinality) and arithmetic skills (i.e., adding and subtracting) [26]. In addition, children’s set comparison skills in kindergarten predict their arithmetic skills in first grade and fact retrieval in second grade [27]. Though studies associating children’s comparison skills with general math skills are mixed, meta-analytic reviews have found small but significant effects between these factors [28,29].




1.1.3. Number Identification


Number identification is the process of connecting a written number (e.g., 5) to a verbal word (e.g., five). By understanding how to recognize written numbers, children can apply their verbal counting and comparison skills to solve problems and process important information in their surroundings [30]. Number identification skills are related to other early numeracy skills, even tasks that do not include numbers such as matching sets of objects with equivalent quantities [31]. Children’s number identification skills in preschool positively relate to counting and cardinality and adding and subtracting skills [32]. Moreover, the ability to recognize numbers positively relates to children’s math achievement in preschool [33] and to adding and subtracting skills in first grade [34].




1.1.4. Adding and Subtracting


Once children understand the concepts of counting and cardinality, they are prepared to develop basic arithmetic skills like adding and subtracting. These skills then equip children to develop more complex arithmetic skills like multiplication and division. Many preschool children are able to solve simple addition and subtraction problems, but there is also evidence that they can understand the concepts of addition and subtraction of large groups of objects beyond their counting abilities [35,36]. Adding and subtracting skills then continue to become more complex as children move through school. Kindergarten children’s arithmetic skills positively relate to their math achievement through third grade [30].




1.1.5. Patterning


In recent years, researchers have called to move beyond numeracy and broaden our conceptualization of math skills [11,12]. One of the most common skills included in this broader concept of math is patterning. When children learn to recognize and complete patterns, they deepen their problem-solving abilities. Preschool children’s patterning skills positively relate to their concurrent general math knowledge in preschool [37,38] and are predictive of their math achievement in fifth grade [24,39]. Patterning helps children form generalizations, and this ability is foundational for algebraic thinking [24].





1.2. Home Math Activities and Children’s Math Skills


Below we review the three most common frameworks used in the prior literature to conceptualize home math activities and include information on the data analytic methods utilized and the number of items included. We also include information on whether the studies tested associations with a composite measure of children’s math skills or specific math subdomain skills. Our study aims to address these two themes by paying closer attention to specific subdomains of math in both surveys of home math activities and children’s math assessments instead of primarily targeting math broadly [15].



1.2.1. Home Math Activities as a Single Factor


Some studies have relied on empirical methods (i.e., principal component analysis) to conceptualize home math activities as a single factor. For example, a study of 5- to 7-year-olds in the Netherlands found a single factor called “parent-child numeracy activities” involving four items (three of which were about frequency of counting activities, and one was about frequency of set comparison activities), which positively related to children’s math skills, a composite score entailing, among other skills, counting, and set comparison [6]. Another study of 5- to 7-year-olds in Greece found a single factor called “parent numeracy teaching” involving five items (frequency of home activities involving number identification, counting, set comparison, and adding/subtracting), which positively related to children’s counting skills, but not to math concepts (e.g., cardinality) or math fluency (i.e., set comparison, adding/subtracting) [8]. Yet another study of 5- to 8-year-olds in the Philippines found a single factor called “home numeracy activities” involving 12 items (frequency of activities involving counting, number identification, adding/subtracting and set comparison, among others), which positively related to children’s math skills, a composite measure of counting, number identification, set comparison and addition [40].




1.2.2. Home Math Activities as Two Factors: Formal and Informal


In contrast, other studies used principal component analysis and conceptualized home math activities as two factors: formal (direct teaching) versus informal (indirect teaching). For example, a study of 5- to 7-year-olds in Canada found four factors involving 17 items: two factors reflecting formal activities (i.e., number practices, number books) and two factors reflecting informal activities (i.e., games, applications). One of the factors of informal activities (i.e., games) positively related to children’s math skills, a composite measure of number identification, counting, set comparison, and addition and subtraction [4]. The same four factors involving 16 items were identified in a study of 4- to 6-year-olds in Belgium [41]. One of the factors of formal activities (i.e., number practices) positively related to children’s counting skills, while one of the informal activities (i.e., applications) positively related to children’s calculation and symbolic number line estimation. Based on this framework, another study of 5- to 6-year-olds in Canada used separate assessments for formal and informal activities [5]. For formal activities, they found two factors involving 13 items, one of which (i.e., advanced formal activities) positively related to children’s math skills, a composite measure of number identification, counting, set comparison, and addition and subtraction. For informal activities, a mean score was used (based on a survey about number game exposure), which positively related to children’s ability to add and subtract without relying on numerals (non-symbolic arithmetic). Others have adopted this framework but have not utilized data analytic methods to draw such factors. For example, a study of 3- to 5-year-olds in the U.S. grouped responses to items into six types of activities and found that one of these types (i.e., formal activities) positively related to children’s counting and number identification but not to other skills such as cardinality and set comparison [42].




1.2.3. Home Math Activities as Mean/Sum Score


Finally, some studies have utilized confirmatory factor analysis and found that neither a 1-factor (overall home math activities) nor a 2-factor (formal and informal activities) solution were a good fit to their data (e.g., [12]). Thus, these studies have conceptualized home math activities as a mean frequency or sum score across items (ranging from 3 to 36) involving activities promoting counting/cardinality, adding/subtracting, set comparison, number identification and patterning, among others. In doing so, the studies assume that items represent observed variables (i.e., equal item weights) rather than latent variables (i.e., differential item weights, like principal component analyses do). Some of these studies have found no relations between mean frequency scores of home math activities and a composite measure of children’s math skills (4- to 6-year-olds in the U.S.: [9]; 2- to 4-year-olds in the U.S.: [10]; 3- to 5-year-olds in the U.S.: [12]; 5- to 6-year-olds in Belgium: [11]). Others have found positive relations. For example, one study of 5- to 7-year-olds in Germany conceptualized home math activities as a sum score (three items; frequency of playing games involving dice, counting, and calculation) and found positive associations to children’s math skills, a sum score of several tasks assessing counting, number identification, set comparison and adding/subtracting [7].



Taken together, prior studies have substantially varied in the number of items included in their home math surveys (from 3 to 36) and have typically utilized empirical methods (e.g., principal component analysis, confirmatory factor analysis, mean/sum scores) to guide their conceptualization of home math activities. In addition, most studies have assessed subdomains of children’s math skills but have ultimately grouped them into a single composite score when examining relations between home math activities and children’s math skills. Thus, it is unclear whether taking a different approach to conceptualizing home math activities grounded conceptually in the subdomain of math skill that the respective activities foster and testing subdomain relations between home math activities and children’s corresponding math skills (e.g., whether home activities fostering adding/subtracting relate to children’s adding/subtracting skills), can complement and further our understanding of the role that the home environment plays in children’s math development.



The idea of examining subdomain relations between home math activities and children’s math skills is grounded in work conducted in the domain of language and literacy [43,44,45], whereby home learning activities are conceptualized based on the type of skills fostered rather than other variables (e.g., direct versus indirect teaching by parents). This may also be the way that parents rationalize providing math support to their child, choosing to focus on a particular activity because their child struggles with the skill rather than providing math support more generally. By taking this approach, we aimed to disentangle the complex relations between home environment and children’s math development. Others have called for similar nuanced approaches [11,16,17]. For example, one study avoided aggregating children’s math skills into a single composite score but rather used separate scores; however, home math activities were still parsed into formal versus informal factors [41]. Because different home math activities promote different math skills, a fine-grained characterization of the relations between subdomains of home math activities and children’s math skills is warranted.





1.3. Current Study


The aim of the current study is to examine the relations between home math activities and 4-year-old children’s math skills. We addressed two research questions:




	(1)

	
What are the relations between frequencies of home math activities by subdomain?









Overall, we expected positive associations across frequencies of home math activities, but examined the strength of such associations (weak, moderate, or strong). For example, parents who engaged in more home number identification activities would also engage in more home adding/subtracting activities. It was important to examine this question to rule out the possibility that subdomains of home math activities were highly intercorrelated (i.e., multicollinearity issues), suggesting they belong to a single construct.



	(2)

	
Are there specific associations between subdomains of home math activities and 4-year-old children’s skills in the corresponding subdomain of math?







We hypothesized positive associations between specific home math activities and 4-year-olds’ skills in the corresponding subdomain of math. For example, high frequency of home counting/cardinality activities would relate to advanced children’s counting/cardinality skills, high frequency of home set comparison activities would relate to advanced children’s set comparison skills, and so forth.





2. Materials and Methods


2.1. Participants


Data were drawn from a larger project that tested the potential efficacy of a home math intervention. All data included in the current study were collected before families participated in any intervention activities. Participants for this study were 78 four-year-old children (M age = 53.19 months, SD = 3.41, range = 48–60; 45% girls) and one of their parents (96% mothers; M parent’s age = 36.49 years, SD = 3.82, range = 28–47), who had complete home math environment and child math skills data before the intervention. Parents’ highest level of education was as follows: 56.41% had a graduate degree, 30.77% completed 4-year college, 7.69% started 4-year college, 3.85% completed 2-year college, and 1.28% started 2-year college. Parents’ ethnicity was as follows: 85.90% were White, 5.13% were Asian, 3.85% were Black/African American, 2.56% were multi-racial, 1.28% were Hispanic/Latino, and 1.28% were American Indian/Alaska Native. Parents were recruited via an online research platform, flyers distributed in preschools, social media advertising, and word of mouth. To be eligible, families had to have a child who was four years old at the start of the study and did not have an intellectual or learning disability, live in the United States, speak, read, and write English fluently, and be comfortable being recorded on a videoconference call with their child. All parents gave written informed consent as approved by the local Institutional Review Board prior to the start of any research activities.




2.2. Procedure and Measures


All data from this study were collected virtually due to restrictions to in-person research activities during the COVID-19 pandemic. Parents were emailed a link to complete an online survey about their demographic information (e.g., child age and sex and parents’ education) and home math environment (see below for more details). Children were asked to complete several math assessments administered via a videoconference call approximately 5 days after the online survey link was sent. If the surveys were not yet complete at the time of the conference call, the parent was reminded during the call or via email to complete them. If the parent did not complete the surveys one week and a half after they were reminded to do so, their survey data were considered missing. During the videoconference call, the parent was asked to stay in the room while the child completed the math assessments in case there were any technical issues but not to provide any encouragement, prompts, or help to the child.



2.2.1. Home Math Environment


Parents completed a 30-item survey reporting how often they and their child engaged in several home math activities during a typical week using a 4-point scale from 1 (not at all), to 2 (once per week), to 3 (several times a week), to 4 (every day). See Appendix A for a full list of items. Out of the 30 items, five items involved counting and cardinality (e.g., count by something other than 1s, like 2s, 5s, or 10s), seven items involved set comparison (e.g., use terms ‘more’ and ‘less’), two items involved number identification (e.g., note numbers on signs when driving/walking), six items involved adding and subtracting (e.g., add and subtract to 10), and four items involved patterning (e.g., duplicate simple patterns). Six additional items involved activities that did not fall into any of the previous subdomains; thus, they were not included in the study (e.g., using calendars and dates). The 30-item survey was created by compiling items from previous studies [4,17,46,47,48,49,50]. Parents also had the option of responding “my child is too old/young for this activity”. Thirty-five percent of parents chose this response for at least one of the 24 items included in this study, with no one using this option for more than nine items. There was high item reliability for all math subdomains (α = 0.80–0.86), except for counting/cardinality (α = 0.37), which might be because we grouped counting/cardinality activities with different levels of complexity and thus very different frequencies of occurrence at home (e.g., counting using fingers is low in complexity and presumably more often practiced while counting by 2s or 5s is high in complexity and presumably less often practiced). We calculated separate average scores for each math subdomain and an overall score (mean score across five subdomains).




2.2.2. Child Math Skills


We assessed children’s math skills in the same five subdomains assessed in the home math environment survey: counting/cardinality, set comparison, number identification, adding/subtracting, and patterning. For the first four subdomains, we used selected items from the following subscales of the Preschool Early Numeracy Scale (PENS) [19]: One-to-One Counting/Cardinality (five items), Set Comparison (four items), Numeral Identification (five items), and Story Problems (four items). All stimuli were presented for as long as necessary for the child to respond to the item. For the One-to-One Counting/Cardinality items, the child was shown sets of six to 18 dots and asked to count them and say how many dots there were. For the Set Comparison items, the child was shown sets of zero to 12 dots with four sets presented at a time and asked which set had the most/least dots. For the Set Comparison items, the child was allowed (but not instructed) to count the dots to determine which set had more/less. In the Numeral Identification items, the child was shown single- and double-digit numerals (numerals ≤20) and asked to name them. In the Story Problems items, the child was verbally told stories involving simple addition or subtraction problems with numbers from 0 to 4 and asked to solve them.



In addition, we used six items taken from the Early Patterning Assessment [51] for the patterning subdomain. The first two items focused on pattern identification; the child was shown a set of colored squares and asked: “Is this a pattern?” The next two items focused on missing patterns; the child was shown a pattern made of images, was asked “What is missing in the pattern?” and was provided with three possible solutions to choose from. The last two items focused on extending patterns; the child was shown a pattern made of images, asked “What comes next in the pattern?”, and provided with three possible solutions to choose from. There was also one practice item on pattern identification and one practice item on missing patterns that the child completed before these sections. After answering a practice question, the child was told whether they were correct or incorrect and a justification for why they were correct or incorrect.



The child received a score of “1” for every correct answer in each of the assessments, and a score of “0” otherwise. For each of the five math subdomains, we first calculated the total number of correct answers. There was moderate to high item reliability for all math subdomains (α = 0.55–0.83), except for patterning (α = 0.31). To compare scores across math tasks with different numbers of items, we calculated the percent correct of total items for each domain and used them in analyses. We also calculated an overall child math skills score (average percentage correct of items across the five subdomains).






3. Results


3.1. Preliminary Analysis


Table 1 shows the descriptive statistics for home math activities and child math skills. There was substantial variability in the frequency with which parents engaged in home math activities; while some indicated never engaging in some math activities, others indicated engaging in such activities every day. On average, parents reported engaging in number identification activities several times per week, whereas they engaged in all other home math activities (counting and cardinality, set comparison, adding and subtracting, and patterning) on average only once per week. Similarly, there was wide variability in children’s math scores. While some children got zero correct answers in some math domains, others got all answers correct. On average, children had between 50–70% correct answers across math domains. Data were normally distributed with skewness statistics ranging from −0.31 to 0.63 for home math environment and −0.64 to 0.23 for child math skills. Table 2 shows results of Pearson’s correlations testing for associations among child math skills. Weak to moderately strong associations were found among counting and cardinality, set comparison, number identification and adding and subtracting. Patterning was positively related to adding and subtracting, and marginally positively related to set comparison, but not to number identification or counting and cardinality.




3.2. Relations among Home Math Activities


We performed Pearson’s correlations to determine relations across home math activities. Table 3 shows the results of these analyses. Associations among home math activities varied based on the activities involved. Of the ten associations tested, five of them were moderate (rs ranging from 0.32 to 0.47), three were weak (rs ranging from 0.20 to 0.29), one was strong (r = 0.67; set comparison and adding and subtracting), and one was non-significant (r = 0.14; counting and cardinality and patterning). Thus, most home activities were positively and moderately related, although there was wide variability in the strength of such associations.




3.3. Relations between Home Math Activities and Children’s Math Skills


We performed ordinary least squares (OLS) regressions to test for associations between frequency of home math activities (predictor) and children’s math skills (outcome), controlling for the following covariates: child age (in months), child sex (coded as dummy variable, the reference group was female) and parents’ education (coded as a dummy variable, the reference group was 4-year college education or higher). We conducted separate analyses for each of the five math subdomains.



As can be seen in Table 4, frequency of home activities in a specific subdomain of math was only related to children’s corresponding math skill for set comparison, adding and subtracting, and patterning. Specifically, frequency of home set comparison activities positively related to children’s set comparison abilities, but not child age, sex, or parent education. Similarly, frequency of home adding and subtracting activities positively related to children’s adding and subtracting abilities; in addition, parents’ education but not child age or sex positively related to this ability. Frequency of home patterning activities positively related to children’s patterning abilities; parents’ education but not child age or sex also positively related to children’s patterning abilities. In contrast, frequency of home number identification activities and parents’ education did not relate to children’s number identification performance; child age positively related to this ability and child sex negatively related to this ability, suggesting that boys outperformed girls in this ability. Similarly, frequency of home counting and cardinality activities and child sex did not relate to children’s counting and cardinality abilities; only child age and parents’ education positively related to this ability. Subsequent analyses regressing children’s adding and subtracting skills on home counting/cardinality, set comparison, and number identification activities, controlling for child age, sex, and parent education revealed no significant associations (βs ranging from −0.85 to −0.13, all ps > 0.10) except marginal significance for set comparison activities (β = 10.66, p = 0.09).



To summarize, we found positive specific associations in three out of the five subdomains of math (i.e., set comparison, adding and subtracting, and patterning), such that the more parents reported engaging in activities promoting these specific subdomains, the more advanced children’s skills in these domains. Frequency of overall math activities positively related to child’s overall math skills, and so did child age and parents’ education.





4. Discussion


We examined whether there were subdomain relations between home math activities and 4-year-old children’s corresponding math skills. By focusing on five different subdomains of math skills, we aimed to address previous concerns about broad assessments of home math activities and children’s math skills, as two main themes constraining research in this area [15]. In doing so, we aimed to help disentangle the complex relations between the home math environment and children’s math development. We found variability in the strength of the associations among home math activities. We also found positive associations between home math activities and children’s corresponding math skills in three out of the five subdomains of math (i.e., set comparison, adding and subtracting, and patterning). Below we elaborate on each finding.



The strength of the associations among home math activities fostering diverse subdomains of math skills was variable. Some associations were non-significant or weak. For example, parents who reported engaging in home activities fostering counting and cardinality were not necessarily engaging in activities fostering patterning. Many associations were positive and moderate. For example, parents who reported engaging in activities fostering counting and cardinality also engaged in activities fostering adding and subtracting. Only one association was positive and strong; the more parents reported engaging in set comparison the more they reported engaging in adding and subtracting. Together, our findings indicate that there was variability in the frequency with which parents engaged in home math activities, which replicates the results of many previous studies [4,5,8,41]. Parents were not necessarily engaging in home math activities supporting all five subdomains of math skills. Instead, parents seemed to engage in home activities supporting certain math skills over others. Possible explanations for these findings could be that home math activities are driven by parents’ beliefs about how children develop math skills during preschool, their view about the role they play in their children’s learning, and their own math experiences and abilities (for a review see [3]). Alternatively, children’s abilities and interests may influence what math activities parents and children engage in. These findings support the need to examine separate subdomain associations of home math activities and children’s math skills.



Parents who reported frequently engaging in home math activities promoting adding and subtracting had children with advanced adding and subtracting skills. Notably, parents reported engaging in home activities supporting this math skill least often across the five subdomains and children had the lowest scores on these math skills. It is possible that many parents did not view adding and subtracting activities as developmentally appropriate skills to foster with their preschool children, so the children of parents that did engage in these activities at home were able to significantly develop and strengthen these skills. Alternatively, children who did not have a good grasp of addition and subtraction yet may have showed less interest in home activities related to adding and subtracting or the necessary skills to engage in these activities. Similar findings were observed in set comparison, with parents who reported frequently engaging in home math activities promoting these skills having children with advanced set comparison skills.



Additionally, parents who reported engaging more frequently in home math activities promoting patterning had children with advanced patterning skills. In prior research, no associations have been found between the frequency of home math activities and children’s patterning skills [11,12,16]. Researchers explained this lack of associations via the low frequency with which parents reported engaging in such activities (i.e., less than once per week) compared to other math activities (i.e., once per week or more than once per week). In our study, the frequency with which parents engaged in patterning activities was relatively low (once per week), but it was not any lower than those of other math activities (e.g., adding and subtracting, counting and cardinality). Importantly, in some prior research [11,12] a composite measure of home math activities (across subdomains of math skills) was used, which might have prevented researchers from finding associations to children’s patterning skills. In other prior research [16], items administered to parents included both patterning activities (which tend to happen once per week) and other activities such as watching TV shows involving patterns (which tend to happen several times per week) [52]. This clustering of activities that happen at different frequencies and across different formats (e.g., active vs passive engagement) might have prevented researchers from finding associations. In our study, we focused only on the former (i.e., patterning activities). In future research, it would be important to further investigate why these three subdomains of math skills yielded positive relations, while other subdomains that are known to be foundational to math development, such as number identification, or counting and cardinality, did not yield positive associations. One possible explanation may be that number identification and counting/cardinality are subdomains of math that are more heavily emphasized in preschool curricula [53], such that the home environment plays less of a role in children’s development of these math skills than for the other subdomains.



Demographic factors also related to children’s skills in certain math subdomains. Child age positively related to counting and cardinality, number identification and overall math. Child sex (female) negatively related to number identification skills. Parents’ education positively related to all math subdomain skills, except set comparison and number identification. Overall, these findings align with what prior research has found [11,17]. It would be important to replicate these findings with a larger and more diverse sample to further understand why some demographic factors but not others relate to certain math subdomains and not others.



Taken together, our findings are promising because they might indicate that when specific subdomains of math skills are examined, positive associations between home math activities and corresponding math skills are more likely to be detected, at least in some subdomains of math skills, such as adding and subtracting, set comparison, and patterning, than when composite measures of home math activities are utilized. These findings suggest that future interventions should target subdomain-specific activities to foster development of corresponding subdomains of math.



Limitations


Our study has some limitations. First, our sample was homogeneous (mostly White, highly educated, and from middle-income backgrounds). It is an open question whether our results generalize to populations with other racial/ethnic and socioeconomic backgrounds. As a result, future studies should aim to replicate these findings with a more diverse sample. Second, we focused on the five most common subdomains of math skills, but others have been assessed, including non-symbolic arithmetic, number line estimation, geometry, and measurement [5,41]. In future work, it would be important to include such skills. Third, we focused on parental self-reports but acknowledge that observations of parent-child interactions are needed to have a complete picture of the quantity and quality of the math support provided by parents in these activities. Two recent studies [54,55] have found a lack of associations between parental reports of home math activities and parental math talk during specific math-related activities, suggesting the need to triangulate information about the home math environment across different sources. Fourth, we tested for concurrent associations between home math activities and children’s math skills; thus, the directionality of such association is uncertain, and most likely, it is bidirectional. Just like parents influence children’s math skills, children’s math skills can influence the type and frequency of parental support provided [2]. Like many other studies in this area, the current study also cannot infer causation between home math activities and children’s math skills as a result of this concurrent design. Fifth, results are specific to the age range targeted by this study (i.e., 4-year-olds). It is an open question whether similar associations between home math activities and children’s math skills are found if a wider preschool age range (3- to 5-year-olds) or older children (kindergarten, first grade) are included. Sixth, these data were collected during the COVID-19 pandemic, which offers a unique reflection of the home numeracy environment that may not generalize to research conducted prior to the start of the pandemic and may not generalize to the future.





5. Conclusions


To date, research on the relations between home math activities and children’s math skills has yielded mixed evidence, with some studies finding positive associations, while others find null or negative associations [2,3]. Our findings might explain, at least in part, this mixed evidence. When associations between home math activities and children’s math skills are examined at the level of subdomains of math skills, we do not find perfect alignment between home math activities and children’s math skills in the five subdomains targeted. Home math activities in some subdomains (i.e., adding/subtracting, set comparison, and patterning) were aligned with children’s corresponding competences, but others were not. Further fine-grained research is needed to advance our understanding of the complex relations between home math activities and children’s math skills, especially focusing on which activities may lend themselves well to be included in interventions aimed at improving children’s math skills.
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Table A1. Home Math Environment Survey.






Table A1. Home Math Environment Survey.





	
During a Typical Week, How Often Do You and Your Child:




	

	
Every Day

	
Several Times a Week

	
Once a Week

	
Not at All

	
My Child Is Too Old/Young for This Activity






	

	
Count objects






	
☐

	
☐

	
☐

	
☐

	
☐




	

	2.

	
Count down (10, 9, 8, 7…)







	
☐

	
☐

	
☐

	
☐

	
☐




	

	3.

	
Count by something other than 1s, like 2 s, 5 s, or 10 s







	
☐

	
☐

	
☐

	
☐

	
☐




	

	4.

	
Count using his/her fingers







	
☐

	
☐

	
☐

	
☐

	
☐




	

	5.

	
Counting out money







	
☐

	
☐

	
☐

	
☐

	
☐




	

	6.

	
Identifying names of written numbers







	
☐

	
☐

	
☐

	
☐

	
☐




	

	7.

	
Identify numbers as more or less (e.g., 7 is more than 4)







	
☐

	
☐

	
☐

	
☐

	
☐




	

	8.

	
Estimate a small number for small groups and a large number for large groups (e.g., estimating 6 for a small group of rocks and 30 for a large group of rocks)







	
☐

	
☐

	
☐

	
☐

	
☐




	

	9.

	
Note numbers on signs when driving/walking







	
☐

	
☐

	
☐

	
☐

	
☐




	

	10.

	
Measure ingredients when cooking







	
☐

	
☐

	
☐

	
☐

	
☐




	

	11.

	
Use calendars and dates







	
☐

	
☐

	
☐

	
☐

	
☐




	

	12.

	
Use numbers in reference to temperature, time, and dates







	
☐

	
☐

	
☐

	
☐

	
☐




	

	13.

	
Compare groups of objects to identify more or less or same/equal







	
☐

	
☐

	
☐

	
☐

	
☐




	

	14.

	
Use terms “more” and “less”







	
☐

	
☐

	
☐

	
☐

	
☐




	

	15.

	
Read number storybooks







	
☐

	
☐

	
☐

	
☐

	
☐




	

	16.

	
Play games in the car that involve math







	
☐

	
☐

	
☐

	
☐

	
☐




	

	17.

	
Learn simple sums (i.e., 2 + 2 = 4)







	
☐

	
☐

	
☐

	
☐

	
☐




	

	18.

	
Add and subtract using objects







	
☐

	
☐

	
☐

	
☐

	
☐




	

	19.

	
Recognize how parts make a whole







	
☐

	
☐

	
☐

	
☐

	
☐




	

	20.

	
Create equal-sized groups from a larger group (e.g., sharing snacks fairly)







	
☐

	
☐

	
☐

	
☐

	
☐




	

	21.

	
Practice adding or taking away from an amount to create more or less







	
☐

	
☐

	
☐

	
☐

	
☐




	

	22.

	
See that one object is bigger or smaller than another by directly comparing them







	
☐

	
☐

	
☐

	
☐

	
☐




	

	23.

	
Use comparative terms like bigger, longer, taller, and heavier







	
☐

	
☐

	
☐

	
☐

	
☐




	

	24.

	
Recognize patterns or repeating sequences of things in their everyday settings and activities







	
☐

	
☐

	
☐

	
☐

	
☐




	

	25.

	
Duplicate simple patterns (e.g., looking at grapes in a red, green, red, green pattern and using two different colored cheese cubes to make the same alternating pattern)







	
☐

	
☐

	
☐

	
☐

	
☐




	

	26.

	
Create simple patterns







	
☐

	
☐

	
☐

	
☐

	
☐




	

	27.

	
Add and subtract to 10







	
☐

	
☐

	
☐

	
☐

	
☐




	

	28.

	
Add and subtract to 20







	
☐

	
☐

	
☐

	
☐

	
☐




	

	29.

	
Play computer games, apps or visit interactive websites that include number games







	
☐

	
☐

	
☐

	
☐

	
☐




	

	30.

	
Discuss patterns in days of the week, months of the year, or seasons







	
☐

	
☐

	
☐

	
☐

	
☐
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Table 1. Descriptive Statistics for Home Math Activities and Child Math Skills (N = 78).
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	Mean
	SD
	Min–Max
	Skewness





	Home Math Activities
	
	
	
	



	Counting/cardinality
	2.61
	0.49
	1.75–4.0
	0.4



	Set comparison
	2.69
	0.59
	1.29–4.0
	−0.08



	Number identification
	3.1
	0.73
	1.5–4.0
	−0.31



	Adding/subtracting
	2.11
	0.76
	1–4.0
	0.63



	Patterning
	2.38
	0.76
	1–4.0
	0.18



	Overall home math
	2.52
	0.47
	1.66–3.77
	0.33



	Child Math Skills
	
	
	
	



	Counting/cardinality
	54.62
	37.13
	0–100
	−0.10



	Set comparison
	69.55
	31.12
	0–100
	−0.64



	Number identification
	65.9
	31.93
	0–100
	−0.43



	Adding/subtracting
	50.64
	32.73
	0–100
	0.02



	Patterning
	51.07
	22.53
	16.67–100
	0.23



	Overall math skills
	57.91
	20.44
	16.67–100
	−0.06







Note. Frequency of home math activities is reported using a 4-point scale from 1 (not at all), to 2 (once per week), to 3 (several times a week), to 4 (every day). Child math scores represent percentage of correct answers.
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Table 2. Results of Pearson’s Correlations Examining Associations Among Child Math Skills.
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	Child Math Skills
	1
	2
	3
	4
	5





	1. Counting/cardinality
	--
	
	
	
	



	2. Set comparison
	0.35 **
	--
	
	
	



	3. Number identification
	0.50 ***
	0.39 ***
	--
	
	



	4. Adding/subtracting
	0.23 *
	0.41 ***
	0.25 *
	--
	



	5. Patterning
	0.13
	0.21 +
	0.18
	0.34 **
	--







+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 3. Results of Pearson’s Correlations Examining Associations Among Home Math Activities.
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	Home Math Activities
	1
	2
	3
	4
	5





	1. Counting/cardinality
	--
	
	
	
	



	2. Set comparison
	0.21 +
	--
	
	
	



	3. Number identification
	0.29 **
	0.32 **
	--
	
	



	4. Adding/subtracting
	0.37 ***
	0.67 ***
	0.20 +
	--
	



	5. Patterning
	0.14
	0.47 ***
	0.40 ***
	0.39 ***
	--







+ p < 0.10, ** p < 0.01, *** p < 0.001.
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Table 4. Results of OLS Regressions Examining Associations between Home Math Activities and Child Math Skills.
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Child Math Skills




	

	
Counting/

Cardinality

	
Set Comparison

	
Number Identification

	
Adding/

Subtracting

	
Patterning

	
Overall

Math






	
Predictor

	

	

	

	

	

	




	
Specific home math activity a

	
14.72

(8.04)

	
17.21 **

(5.57)

	
6.90

(4.87)

	
20.63 ***

(4.51)

	
6.72 *

(3.20)

	
13.62 **

(4.40)




	
Covariates

	

	

	

	

	

	




	
Child age

	
2.31 *

(1.16)

	
1.91

(0.96)

	
2.54 *

(1.02)

	
−1.08

(1.01)

	
1.39

(0.71)

	
1.51 *

(0.60)




	
Child female

	
10.59

(7.85)

	
−0.02

(6.54)

	
−15.77 *

(7.07)

	
−6.71

(6.48)

	
1.89

(4.88)

	
−1.76

(4.05)




	
Parent has ≥ college degree

	
28.45 *

(11.64)

	
14.23

(9.70)

	
6.44

(10.30)

	
27.24 **

(10.08)

	
15.69 *

(7.20)

	
17.21 **

(6.00)








Note. Unstandardized Betas (SE in parenthesis) are reported. * p < 0.05, ** p < 0.01, *** p < 0.001. a Specific home math activity = we conducted separate analysis for each math subdomain; for example, we tested whether home counting/cardinality activities related to children’s counting/cardinality skills.
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