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Abstract: The home learning environment includes parental activities, attitudes, affect, knowledge, 

and resources devoted to supporting children’s development, including literacy and mathematics 

skills. These factors are related to the academic performance of preschool children (aged 3 to 6 

years), before formal schooling and possibly beyond. In the present research, we examined the 

home learning environment of Canadian families as reported by either the mother (n = 51) or father 

(n = 30) of their Grade 3 child (n = 81; Mage = 8.7 years; range 8 to 9 years of age). Importantly, mothers’ 

and fathers’ reports of the home learning environment for school children were similar. For literacy, 

parents’ knowledge of children’s books and attitudes toward literacy were related to children’s vo-

cabulary skills; home literacy was not related to word reading skills. For mathematics, parents’ re-

ports of the frequency of activities such as practicing arithmetic facts and their attitudes toward 

mathematics were related to children’s arithmetic fluency. Other aspects of the home learning en-

vironment (time spent helping with homework, parents’ math anxiety) were not related to chil-

dren’s performance. These results suggest some continuity between home learning environments 

and academic skills after children’s transition to school.  

Keywords: home literacy; home numeracy; early academic skills; grade 3 children; parental  

involvement; home mathematics environment; home activities 

 

1. Introduction 

Literacy and mathematics are foundational life skills. International assessments of 

large cross-national cohorts have shown that poor skills development affects subsequent 

educational choices and career options [1]. Low cognitive skills and educational attain-

ment has been associated with poor physical and mental health [2,3]. Inequities begin 

early: Substantial achievement gaps are observed even before children start school. School 

exposure has been found to reduce variability in academic skills in some research, pre-

sumably because all children can access the same relevant curricular content once they 
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are in school full time [4,5]. However, more often, children’s literacy and mathematics 

skills at school entry predict academic achievement and educational attainment both in 

the short-term [6] and beyond [7–10]. The home learning environment is one potential 

source of variability in early academic skills. Indeed, the frequency with which preschool 

children are exposed to numeracy and literacy activities at home is correlated with their 

success in literacy [11] and numeracy [12]. In the present study, we asked whether similar 

relations between home learning activities and academic performance are found for a 

school-age group of 8-year-old children. 

There are many potential sources of variability affecting the acquisition of early liter-

acy and mathematics skills. Children’s early literacy and mathematical skills are corre-

lated with socioeconomic factors, such as parental education [13], child health variables 

[14], and family income [15–18]. Even among middle-class samples and when socio-eco-

nomic factors are controlled, there is variability in the development of early academic 

skills [19,20] that continues once children are in school. Skills development is related to 

cross-national differences in age and curricular starting points [21], speed of curricular 

exposure [22], variability in curriculum expectations at certain ages [23], amount of spi-

ralling curriculum overlap [24], and the amount of time outside of school spent on curric-

ular concepts [24]. These variations in the learning context may have direct (e.g., regional 

age of school start) and indirect effects (e.g., curriculum exposure rate) on home influ-

ences. In the present study, we focused on factors within the home learning environment 

that are directly influenced by parents [21,24]. 

1.1. The Home Learning Environment 

The home learning environment encompasses a wide range of factors that relate to 

children’s literacy and mathematics skills [25]. Parents and other caregivers contribute to 

the home learning environment through their personal attitudes, affective responses, ac-

tivity choices, and resources available to support learning [16]. Some researchers have 

emphasized that the processes for learning literacy and numeracy are interrelated, and 

parents are especially likely to become involved in supportive learning activities when 

their children’s skills are slow to develop and require additional support [26]. 

Home activities and intentions that focus on skills within the children’s zone of prox-

imal development [27] may help children expand their conceptual knowledge [28]. For 

example, listening to storybooks helps children acquire meaning and learn new vocabu-

lary words (e.g., [29]) and activities focused on phonemic awareness support the decoding 

skills that are requisite for reading (e.g., [30,31]). Considering mathematics development, 

playing games that involve naming numbers and counting objects supported children’s 

knowledge of the symbolic cardinal number system (e.g., [17]), whereas tasks that encour-

aged playfulness of routinized life skills supported children’s applied number skills (e.g., 

[32]. Although self-report survey data is a common method of data collection for these 

studies [33], observational approaches [34,35], in-home interviews [36], and data from 

large-scale international assessments [37] have also been used to corroborate findings. 

Parental involvement, that is, the extent to which caregiving adults (usually parents) 

provide mentorship opportunities and become involved in children’s learning, is linked 

to children’s academic performance. Hoover-Dempsey and Sandler [38] define home-

based parent involvement as a deliberate process of deciding whether to be involved, and 

how to be involved, considering parents’ motivational goals (e.g., supporting children’s 

school success). Parental involvement in early childhood education contexts is usually de-

sirable; for example, parent collaboration [39], joint book reading, discussions about 

school topics and family heritage [40], and parent responsiveness and sensitivity [41] are 

all positively related to children’s learning outcomes. For Chinese-American students, 

Huntsinger et al. [36] found that high mathematics achievement was related to routine, 

structure, and formal directive teaching provided at home. In New Zealand, McDowall, 

Taumoepeau, and Schaughency [42] found that the long-term consistency of parental in-

volvement was dependent on having two or more adults in the home, and parental 
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perceptions of their time and energy available to support their first and second grade stu-

dent. During joint parent-child activities, children’s learning was negatively affected 

when mothers were high in directiveness [43], control [44,45], or controlling supportive-

ness [46]. Various parent characteristics such as education level, arithmetic fluency, posi-

tive affect toward mathematics, and availability and/or children’s interest in math or lit-

eracy activities are positively correlated with young children’s mathematics scores [11]. 

Parental involvement with school aged populations can be operationalized in various 

ways, including parent communication, home supervision, homework help, emotional 

support, parent expectations, and affect. These factors may continue to be linked to chil-

dren’s success during the formative school years [47]. 

Despite considerable evidence that the home learning environment is linked to aca-

demic success for preschool children across cultures [48,49], there is less evidence about 

whether parents’ involvement in specific home learning activities are related to learning 

trajectories once children are enrolled in school full time [11,25]. Children may spend less 

time with parents once they are older, given they spend more time in school involved in 

extracurricular activities [50] and completing homework [51]. Furthermore, parent in-

volvement with school aged children may change because of other pressures, such as par-

ents assuming outside employment to contribute to the family’s financial resources, 

providing support to extended family [52], or supporting children’s increased autonomy 

now that they are in school [53]. Thus, in the present study, we focused on two questions. 

First, how can the home learning environment be described for eight-year-old Canadian 

children? Second, is involvement in home activities related to children’s academic out-

comes in a school-aged sample? 

1.2. Home Learning Environments of School Aged Children  

For primary/early school-aged children (i.e., aged 6 to 9 years), researchers have 

found positive relations between home learning influences and children’s achievement 

scores for literacy [54–59], mathematics (e.g., [28,37]), and literacy and mathematics 

achievement combined (e.g., [60,61]).  

1.2.1. Home Literacy Environment 

For home literacy experiences, in a meta-analysis involving 59 studies published be-

tween 1998 and 2018 and including children in Kindergarten through Grade 6, the average 

effect size was 0.30 for the correlation between children’s home learning and their reading 

comprehension scores [55]. Parental literacy involvement and their literacy expectations 

had higher correlations with children’s scores than with the availability of literacy re-

sources (i.e., literacy equipment such as TV, radio, storybooks, or audiobooks). The rela-

tion was not moderated by grade. 

In contrast, some research does suggest that the role of the home literacy environ-

ment declines with age. In the Netherlands, Boerma et al. [54] found that the frequency of 

home literacy activities decreased from Grade 3 to Grade 6 (range 6.9 to 13.4 years) and 

urged stakeholders to be aware of the continuing effectiveness of the home literacy envi-

ronment for this critical age group. Klauda’s [57] literature review on how to maintain the 

already-established reading habits of school aged students (Grade 3 to Grade 12) indicated 

that parental beliefs and behavior (e.g., modeling literacy activities) were positively re-

lated to children’s reading development. In Dong and Chow’s [56] meta-analysis of factors 

influencing the learning of an additional language across all school grades, parent behav-

iors were a stronger influence than parent beliefs on language learning. Finally, Myrberg 

and Rosén [58] concluded that the cultural capital affecting the home literacy environment 

is directly and moderately influenced by parent education in their Swedish study involv-

ing Grade 3 students (aged 9 to 10 years), but more than half of the effect is mediated by 

other home literacy influences (i.e., number of books in the home, the frequency and qual-

ity of home literacy activities, and the child’s emergent literacy skills at school onset).  
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In summary, home literacy activities may be less prevalent among school aged chil-

dren than for preschoolers, but the positive relations between the home environment and 

literacy development persist. 

1.2.2. Home Mathematics Environment  

A meta-analysis of the relation between home mathematics environment and math-

ematical performance including 64 quantitative studies (completed between 1993 and 

2020), found a small positive effect size of 0.13 for the relation between home mathematics 

learning and children’s mathematical performance [11]. However, only a few studies in-

cluded children in primary school; most were with preschool children (i.e., age 6 and 

younger). Although age did not moderate the relation between the home mathematics 

environment and performance, there are so few studies with older children that more 

work is needed to determine whether the same patterns hold for school-aged children.  

Some studies indicate that home mathematics activities in preschool may continue to 

influence mathematical learning for elementary school students. Zhu and Chui [37] ana-

lysed assessment data from a large sample of 3600 Grade 4 Hong Kong students attending 

132 different schools who completed the Trends in International Mathematics and Science 

Study (TIMSS). Questionnaire data requiring parents to retrospectively report their chil-

dren’s early home mathematics environment established a link between these early expe-

riences and children’s mathematics scores on the TIMSS. 

Niklas and Schneider [61] included mathematics and reading assessments of German 

children before school started (age 4), in Grade 1, and again at the end of Grade 4. Chil-

dren’s early home learning environments predicted achievement scores and ratings of 

student school tracks after controlling for the children’s former achievement and back-

ground factors, such as family income. In another German study [60], parent reports of 

the home learning and achievement data were collected each year starting at age 4 until 

age 13; the home learning environment was both retrospectively and concurrently predic-

tive of children’s mathematics and reading scores. 

In a concurrent study of French children, Girard et al. [28] found that Grade 3 chil-

dren’s involvement in advanced home mathematics activities was related to parent expec-

tations and predicted children’s arithmetic skills even after other factors were controlled 

(i.e., SES, child IQ, parent arithmetic scores, time spent with child). In contrast, for Chilean 

children in Grades 1, 2, and 3 (ages 6 to 9), children’s concurrent home mathematics envi-

ronment did not predict their mathematics achievement scores [62]. Similarly, U.S. school-

children’s conceptions of mathematics utility in Grades 1–4 was not related to home ex-

periences [63]. In summary, contextual factors (e.g., cultural expectations, cultural and so-

cial capital, language(s) spoken, schooling) and other study-specific factors, such as the 

size of available samples, may be important for understanding the relation between home 

experiences and skill development. Studies involving students from other cultural con-

texts such as English and French-speaking Canada are needed to explore these connec-

tions.  

1.3. Mothers and Fathers 

Although both fathers and mothers are central influences in Bronfenbrenner’s [64] 

socio-ecological theory of child development, they may contribute differently to the home 

learning environment. Although data about fathers’ home learning contributions for aca-

demic skills are sparse [53,65–67], there is some evidence of benefits when fathers partici-

pate [68,69]. For example, in a US longitudinal database with data collection points from 

birth through Kindergarten, Baker et al. [70] found that fathers’ and mothers’ warmth as 

well as fathers’ home learning involvement mediated the relation between poverty and 

kindergartener’s reading skills. The authors also found that fathers’ and mothers’ warmth 

and mothers’ involvement in home learning mediated the relation between poverty and 

kindergarteners’ mathematics skills. 
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Researchers have described barriers to father participation, such as being unavailable 

to participate because of work hours or work schedules; holding gender role stereotypes 

that leave mothers in charge of educational duties; or holding views that masculinity may 

run contrary to the values of educational participation [71]. Mothers also typically take 

responsibility for communications between the home and the school [69,72] homework 

completion [73], speech-language therapy participation [74], and filling out research ques-

tionnaires [33]. Some studies have included a small percentage of fathers and simply re-

ferred to the whole group of respondents as “parents” (e.g., [20,42,75]), or only solicited 

or included mothers (e.g., [76]). A few studies have solicited information from both par-

ents [62,77]. Despite the low participation rates of fathers across studies, conclusions have 

often been extrapolated to include recommendations for homes and parents in general. 

Including fathers in home-learning research can help validate these extrapolated recom-

mendations.  

1.3.1. Home Literacy Environments 

In some home literacy studies that included both parents, mothers were more in-

volved in literacy activities with their children than fathers. For example, Swain et al. [71] 

described data from the Millenium Cohort Study (MCS) in the UK, which started in 2001 

and included assessments in 2004, 2006, 2008, and 2012. In the MCS, both parents reported 

reading to their children frequently, but mothers were more likely to read every day or a 

few times a week at ages 3, 5, and 7. In Klauda and Wigfield [78], American children in 

Grades 4 and 5 completed a reading support survey and reported that their mothers were 

more supportive in encouraging recreational reading than fathers. However, the ways in 

which fathers participate in home literacy activities may be different and possibly not cap-

tured if the focus is on literacy activities that are most common for mothers. 

Saracho [66] published a list of recommendations to encourage fathers’ participation 

perspectives and role modelling for supporting reading behavior. In one qualitative anal-

ysis of Hispanic and Latino fathers from the US, the fathers reported having reading dis-

cussions with their children and felt empowered to contribute to home educational re-

sponsibilities [79]. In a narrative review, Varghese and Wachen [67] reported that fathers 

showed responsive behaviors that contributed uniquely to children’s language and liter-

acy learning, but they concluded that more research is needed to understand the contex-

tual factors related to father involvement. 

1.3.2. Home Mathematics Environments 

Research on fathers’ participation in home mathematics experiences is limited; most 

studies had mainly mothers in their research sample and only a few were focused on the 

influence of fathers. Some studies have shown mixed results of paternal influences across 

country, culture, language, education system, and child age. In Hong Kong, after account-

ing for mothers’ home numeracy activities, fathers’ involvement in numeracy activities 

with real-life applications predicted children’s number knowledge for both three-year-

olds [80] and five-year-olds [81]. In contrast, after accounting for fathers’ home numeracy 

activities, mothers’ involvement was unrelated to their child’s number knowledge [80,81]. 

In two different studies conducted in Chile, no relations were found between fathers’ 

home practices and children’s mathematical competencies [62,77]. In these studies, moth-

ers and fathers completed separate home learning questionnaires. Mothers and fathers 

who had high expectations for their Kindergarten children also reported low mathematics 

anxiety scores and engaged in more advanced numeracy related activities with their chil-

dren [77]. However, only the home numeracy practices of mothers predicted the chil-

dren’s mathematics scores. In Susperreguy and colleagues [61], which was a cross-sec-

tional study of Chilean children attending either public or private schools, mathematical 

performance of Kindergarten children was correlated with the frequency of operational 

activities (such as mental arithmetic) reported by their mothers but not by fathers. For 

children in Grades 1–3, however, mothers’, but not fathers’, mathematics fluency 
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predicted children’s mathematics scores but reported frequencies of home numeracy in-

fluences were not predictive of children’s performance for either parent. In Chile, school 

quality is tied to socioeconomic status [82,83]; there are large gender differences in math-

ematical achievement [84], which may contribute to overall low national PISA scores [48]. 

Thus, these findings may not generalize to countries with higher levels of performance, 

less socioeconomic stratification of education, and smaller or non-existent gender dispar-

ities. 

To encourage participation from both parents in a traditional family unit, researchers 

from Chile visited family homes to interview parents directly; participation was required 

from both parents [62,77]. Similarly, a researcher in Greece recruited parents by pursuing 

direct connections with them, such as holding impromptu meetings outside kindergartens 

as caregivers were waiting to pick up children [49]. These pro-active recruitment strate-

gies resulted in greater participation by fathers. Therefore, in the current study, fathers 

and mothers were encouraged to participate through face-to-face contact during parent–

teacher conferences at their children’s school, with the goal of obtaining data from either 

a father or mother from each household. 

1.4. Beliefs, Attitudes, and Affect 

Parents beliefs, attitudes, and affect about children’s learning are related to their cul-

tural background and personal histories [85]. These factors presumably shape their par-

enting choices, child-rearing practices, and the home learning environment. In research 

on the academic beliefs of parents in Canada, Chile, and Mexico, Mexican parents had 

higher expectations for their children’s early literacy and numeracy skills than Canadian 

and Chilean parents. However, all parents reported similarly high expectations for the 

most basic items such as “count to 10” and “print name,” “print all letters,” and “read a 

few words” before the start of Grade 1. For literacy, parenting beliefs were related to chil-

dren’s early reading skills development [86], decisions about book choices [87], and chil-

dren’s motivation to continue reading once they have mastered reading skills [78]. Moth-

ers’ attitudes toward reading were correlated with the number of books in the household, 

the home literacy environment, and children’s attitudes toward reading [88]. [20] found 

that the academic expectations of Canadian parents were correlated with their formal lit-

eracy practices, and the frequency of these practices predicted children’s letter knowledge 

and reading ability. Additionally, parents’ positive attitudes toward literacy (e.g., I enjoy 

reading) were related to their involvement in basic and informal literacy practices, and 

these practices were related to children’s vocabulary skills. 

Likewise for mathematics, parents’ beliefs and attitudes have been linked to home 

mathematics practices. Canadian parents’ beliefs about the importance of children achiev-

ing specific mathematical benchmarks, such as counting to 100 before Grade 1, predicted 

children’s exposure to books and numeracy outcomes [49]. [20] also found that parents’ 

academic expectations affected their tendency to complete basic mathematics activities 

with their children; and numeracy attitudes (I enjoy mathematics) were related to their 

children’s non-symbolic arithmetic and symbolic number knowledge.  

Considering parent affect, parents’ anxiety about math has been linked to the amount 

of early home math talk [89] and to children’s exposure to advanced home mathematics 

practices [77]. Links between mathematical performance and parent math anxiety, how-

ever, are tenuous. For example, lower math scores were found only when math-anxious 

parents were involved in homework helping sessions with the child [90]. Retanal et al. 

[46] found that Canadian parents use of a controlling supportive parenting style while 

helping their Grade 6–8 children (i.e., 11- to 14-years old) with mathematics homework 

was related to mathematics anxiety and mathematics performance. Math attitudes and 

anxieties can also follow typical gender stereotypes, with boys and fathers reporting they 

enjoy math and have low math anxiety, compared to girls and mothers who have negative 

math attitudes and high levels of math anxiety [91]. Sometimes, students’ perceptions of 

their parents’ beliefs can also follow these gender lines, with concern that these 
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perceptions may influence career choices [92]. However, because few studies in this area 

have included fathers, and those that did found few differences in these factors [62,77], 

we did not have predictions about gender effects. 

1.5. The Current Study 

Research on home learning has been heavily focused on mothers’ activities with their 

young children (i.e., pre-school to Grade 1; aged 3 through 6 years). Home-learning re-

search on fathers and school-aged children has been limited. To address this gap, we at-

tempted to focus on both parents, and older children in our study (i.e., Grade 3, aged 8 to 

9 years). We examined the relations among parental beliefs, attitudes, and affect, the fre-

quency of literacy and numeracy activities, and Canadian students’ literacy and mathe-

matics skills. Children completed literacy and mathematics assessments. For each child, 

either a mother or a father completed surveys on their attitudes, anxieties, and the fre-

quency with which they participated in home learning activities with their child. We ad-

dressed two research questions. 

1.5.1. Research Question 1: How Can the Home Learning Environment Be Described for 

Eight-Year-Old Canadian Children? 

In previous work with Canadian preschool children (i.e., aged 3 to 6 years), parents 

(mainly mothers) reported on the literacy and numeracy activities that they shared with 

their children [20,93]. Overall, parents frequently provided a range of activities, including 

frequent shared book reading, counting, and practicing arithmetic facts. We adjusted sur-

vey measures (i.e., activities, book and game list, parents’ attitudes, beliefs, and affect) 

used in previous work [20,75] to be relevant for older children [62]. Multiple regression 

analyses were used to determine whether these activities would continue to characterize 

the home learning environment. Based on the small amount of research with fathers, we 

predicted that fathers would respond similarly to mothers on the home learning question-

naire in Canada. We also predicted that, because parents would be responsive to their 

child’s developing mathematical knowledge [94], they would report engaging in age-ap-

propriate activities [28,62]. Furthermore, we predicted that parents’ attitudes and anxiety 

would be related to reports of home learning activities [19,95] and homework helping 

quality [90,96,97]. 

1.5.2. Research Question 2: Is the Home Learning Environment for Eight-Year-Old  

Children Related to Their Academic Performance? 

Canadian school aged children spend most of their time at home in communal family 

areas [98] and thus opportunities exist for parents to interact with their children, whether 

connecting with homework or participating in joint activities. We performed multiple re-

gression analyses to determine whether home environment factors, such as parents’ re-

ports of activities, attitudes, and anxiety, were related to children’s home literacy and nu-

meracy performance. Following previous research with younger Canadian children, we 

expected that parents’ knowledge of children’s books and their literacy activities would 

be related to children’s receptive vocabulary, and literacy activities would be related to 

word reading [93,99]. With this older sample, we expected that parents who reported 

spending more time helping their child read words would have children with weaker 

reading skills [99]. For mathematics, we expected that parents’ reports of increased home 

activities and their positive attitudes toward mathematics would be related to children’s 

mathematical performance [20]. 
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2. Method 

2.1. Ethics 

The current analyses involve data collected as part of a larger project on language 

learning and mathematics, called Language Learning and Mathematics Achievement (i.e., 

LLAMA). The complete list of tasks is available at Open Science Framework site: 

https://osf.io/428hp/ (accessed on 29 April 2022). The study received ethics approval from 

the Ethics Review Board at The University of Winnipeg; approval from two Canadian 

school divisions (i.e., Louis Riel School Division and Seine River School Division); and 

four urban schools and three rural schools. Parents provided written consent and children 

provided verbal assent prior to data collection. Schools were recruited that offered pro-

gramming in English or French. Because most individuals in the Province of Manitoba, 

Canada (where the study was conducted) speak English, the French instruction was an 

Immersion milieu, designed for students whose first language was not French. The 

schools were located in a middle-class Canadian neighborhood or town, with proximal 

access to many amenities and services. All children received a colorful record chart with 

stickers to record their participation in the project. Each child received a chart with stickers 

regardless of whether they consented to participate to promote inclusivity. Once all stu-

dents from a classroom participated in the testing, research assistants debriefed each class-

room, and all children were allowed to try the iPad activities. 

2.2. Participants 

Parent–child dyads (n = 81) included mothers (n = 50) or fathers (n = 31). In the sam-

ple, surveys were collected from one parent in each family, which could include the 

mother or the father. At the time of testing, children were in Grade 3 and ranged in age 

from 8.2 to 9.1 years (Mage = 8.71 years, SD = 0.28; 37% boys). Children came from homes 

where 70% of fathers and 80% of mothers had either a college or university degree, and 

less than 3% of homes had a parent (i.e., one father and two mothers) who did not com-

plete high school. English was the first language spoken by most children (91%). The re-

maining 9% of children’s first language was Serbian (n = 2), French, Mandarin, Chinese, 

Polish, Russian or Gujarati (n = 1 each). Children were enrolled in either English (30%) or 

French immersion (70%) schools. 

2.3. Recruitment 

Children attended information sessions and were shown the iPad and samples of 

games that they would play, along with the sticker charts that would be used to record 

their participation in the project. An information sheet, consent form, and a 20-min parent 

questionnaire were sent home with each child for parents to read, sign, and return to the 

school. Participation rates for the children ranged from 80–90% per classroom. However, 

very few parent questionnaires were returned. Thus, researchers set up a table during 

parent teacher conferences where direct contact was made with parents. School staff di-

rected parents to the research table to hear about the study, and parents were told that the 

project findings would be used to benefit academic learning. Consistent with processes 

used by the school to have paperwork completed by “the home,” one survey was re-

quested for each child, to be completed by either the mother or the father. Given the slow 

survey return rates, a goal was to receive one questionnaire back from any parent of a 

participating child. When both parents were present, fathers were encouraged to complete 

the survey, since mothers are overrepresented in home-learning research, and to allow us 

to consider the Canadian father perspective. Some surveys were completed while parents 

were waiting to meet the teacher; other surveys were returned to the research office in a 

self-addressed stamped envelope or directly to the child’s school. The survey was trans-

lated to French for one French-speaking mother who completed the survey orally. Parents 

received a biodegradable pencil that contained herb and flower seeds inside as a partici-

pation incentive. In cases when parents did not attend the interviews (approximately 10–
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20% of students in each classroom), teachers sent another copy of the survey home with 

the child, but none of these surveys were returned. In total, parents of 81 children returned 

surveys (50.9% of the children who participated in the larger study). For 12 of these chil-

dren, both the mothers and fathers completed the questionnaire, creating concerns about 

how to aggregate the survey data. We elected to include the father questionnaires (before 

any analyses were conducted), since the viewpoints of mothers have been over-repre-

sented in the literature (between 83% and 96% of our samples have involved only mother’s 

input in our past Canadian samples). In summary, the parent participation rate was 50.9%. 

This rate of parent participation is similar to that found in other studies. 

2.4. Materials 

2.4.1. Parent Measures 

One parent from each family completed a 20-min paper-and-pencil survey that in-

cluded demographic questions and questions about the home learning environment. Ver-

sions of the survey have been used for children in pre-school to kindergarten 

[20,48,49,100] and adapted for older students [28,62]. In our revised version, age-appro-

priate questions were added to assess parent attitudes (Table 1), home practices (Table 2), 

and questions about homework helping. See Open Science Framework site: 

https://osf.io/428hp/ (accessed on 29 April 2022) for the survey questions. 

1. Attitudes and Affect 

Parents rated their attitudes toward literacy and mathematics by rating statements 

such as “I was good at math in school” and “I find reading enjoyable” on a scale from 1 

(strongly disagree) to 5 (strongly agree). One statement on each survey was reverse-coded 

(i.e., I avoid situations involving math/reading). Reliability was 0.66 (5 items) and 0.67 (4 

items) for literacy and mathematics attitudes, respectively. Mean scale scores were used 

in subsequent analyses.  

Mathematics anxiety was assessed using a 7-item survey that was developed for this 

study. Parents rated how anxious they felt doing specific tasks on a scale of 1 (low anxiety) 

to 5 (high anxiety) (see Table 1). Responses were analyzed using a principal component 

analysis with varimax rotation. Two components were extracted that accounted for 74% 

of the variance in scores. The regression factor scores were saved and used in further anal-

yses. One factor, labelled general mathematics anxiety, reflected anxiety about using 

mathematics in daily living (e.g., working out a 15% tip). The other factor, labelled home-

work helping anxiety, reflected parents’ anxiety about helping children with mathematics 

homework. As shown in Table 1, parents were not very anxious about mathematics. Fac-

tor scores were used in subsequent analyses.  

Table 1. Descriptive statistics and rotated factor loadings for math anxiety survey. 

Mathematics Anxiety Items M  SD  Factor Loadings  

   General Math  
Homework 

Help  

General Mathematics Anxiety     

Working out prices in foreign currency  1.99 1.25 0.86 0.10 

Figuring out how much a shirt will cost at 25% off  1.47 0.89 0.86 0.12 

Working out a 15% tip  1.62 1.03 0.85 0.26 

Doing math calculations  1.66 1.02 0.81 −0.02 

Completing a math course as part of job training  1.71 1.06 0.75 0.22 
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Interpreting numerical information to compare cell-

phone plans  
1.46 0.71 0.73 0.29 

General Math Anxiety Scale  1.65 0.82   

Homework Helping Anxiety      

Helping your child with math subtraction home-

work  
1.18 0.47 0.12 0.94 

Helping your child with math area and volume 

homework  
1.39 0.72 0.20 0.91 

Homework help anxiety scale  1.28 0.56   

Scale Reliability (Cronbach’s �)    0.90 0.80 

Note. Parents responded on a 5-point scale. 1 = low anxiety, 2 = some anxiety, 3 = moderate anxiety, 

4 = quite a bit of anxiety, and 5 = high anxiety. 

2. Home Activities 

Parents rated how often they engaged in home literacy and home math activities on 

a scale of 1 (rarely) to 5 (most days per week). All items and scale reliabilities are shown 

in Table 2. Scale reliability was calculated with Cronbach’s alpha—a measure of inter-item 

consistency, also described as the extent to which the items assessed are related to each 

other. Literacy items included questions about reading at home, storytelling, and writing. 

Mathematics items were classified as having operational, mapping, or spatial content. The 

operational and mapping classifications were used in previous work [62,100]. Operational 

activities involve manipulating quantities or numbers (e.g., practicing number facts). 

Mapping activities involve representing quantities or numbers (e.g., counting by 2 s or 

asking about fractions). Questions about spatial activities were included as an exploratory 

measure, and included items such playing with Lego, and how parents support spatial 

skills such as teaching about left and right. Mean scores for mapping, operations, spatial, 

and reading activities were calculated and used in subsequent analyses. 

Table 2. Means and standard deviations for formal home learning activities. 

Activity M  SD  

Literacy Activities    

We visit the library for children’s books  1.78  0.82  

I help my child read English books  3.70  1.20  

I teach my child to recognize printed words  3.53  1.17  

I encourage my child to write stories  2.83  1.24  

I encourage my child to explain a story or incident in their own words  3.33  1.27  

Scale Reliability (Cronbach’s alpha)  0.74   

Operational Activities    

I encourage my child to do math in their head  3.48  1.03  

We practice counting, addition, and subtraction  3.43  1.01  
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I teach my child about multiplication tables  2.11  1.17  

I encourage my child to practice number facts  3.02  1.20  

Scale Reliability (Cronbach’s alpha)  0.80   

Mapping Activities    

I encourage counting by 2 s and 3 s  2.79  1.23  

I help my child weigh, measure, and compare quantities  2.17  1.29  

I ask about how many quantities  2.48  1.14  

I teach my child to print numbers  2.57  1.32  

We use number or arithmetic flashcards  1.88  1.28  

I ask my child about fractions  2.00  0.94  

We practice answering how many without counting  2.43  1.29  

Scale Reliability (Cronbach’s alpha)  0.84   

Spatial Activities   

My child uses maps  1.76  0.90  

My child does mazes or similar puzzles  2.56  1.00  

My child fixes mechanical objects  2.21  1.11  

I help my child practice the difference between left and right  2.81  1.29  

I discuss directions to familiar places  2.89  1.19  

My child builds with Lego or similar toys  3.33  1.15  

Scale Reliability (Cronbach’s alpha)  0.78   

Note. Parents responded on a 5-point scale. 1 = rarely or never, 2 = monthly, 3 = weekly, 4 = several 

days a week and 5 = most days per week. 

3. Homework Help 

Parents reported how much homework their children were assigned in English and 

in French (as applicable in subject areas studied such as math, reading, spelling, writing 

and science); and the amount of time that parents helped with that homework. Responses 

were rated on a five-point scale (i.e., from 1 (none), and increasing by 15-min intervals for 

middle ratings, to 5 (more than 1 h per week). The homework helping frequency for math-

ematics homework, and the mean score for literacy homework (which included reading, 

spelling, and writing) were used in subsequent analyses. 

4. Knowledge of Math Games and Books 

Game and book checklists have been used in prior studies to assess informal expo-

sure to mathematics and reading [20]. Additional age-appropriate items were added to 

the lists for this study (see Appendix). The games checklist includes 40 games: some with 

mathematics content (n = 16, e.g., “Yahtzee”), some with minimal math content (n = 10, 

e.g., “Operation”) and foils (n = 14). The book checklist includes 54 titles of children’s 

books, 37 real books and 17 foils. On each list, parents were asked to indicate titles/games 

that they recognized. They were discouraged from guessing or looking up information on 

the internet. Knowledge of mathematics games was calculated as the difference between 
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the percentage of mathematics games selected and the percentage of foils selected. 

Knowledge of children’s books was calculated as the difference between the percentages 

of books correctly identified and foils selected. Each score could range from 0 to 100%.  

2.4.2. Children’s Measures 

5. Arithmetic Fluency 

Children completed a timed pencil-and-paper fluency test [101]. The test was three 

pages: one page of single-digit addition (e.g., 8 + 7), one page with the corresponding sub-

traction items (e.g., 15 − 8), and one page of single-digit multiplication up to the fives times 

tables (e.g., 5 × 8). There were 60 items per page, and the items were arranged in 3 columns 

(20 rows). Children were given 1 min per page to complete as many items as they could 

without skipping items. Score was the total correct for all pages with a maximum score of 

180. Cronbach’s alpha was 0.77 using the addition, subtraction, and multiplication sub-

scores. 

6. Word Problem Solving 

Children completed 12 questions (items 1 to 12) from the Applied Problem-Solving 

subtest of KeyMath 3rd Edition [102]. Children listened to a mathematics problem and 

provided a response; some of the items contained pictures. Solving problems required 

that students extract key information from the description and use arithmetic skills to 

solve the problem. Testing was discontinued after 3 consecutive errors. Score was the 

number of correct responses. Cronbach’s alpha based on all 12 items was 0.942. 

7. Algebra 

Children completed 15 questions (items 7 to 21) from the Algebra subtest of KeyMath 

3rd Edition [102]. In this task, the researcher showed the student an image and read the 

corresponding question to the student. Questions included completing patterns, filling 

missing numbers into equations and balancing equations. Testing was discontinued after 

3 consecutive errors. Score was the number of correct responses. Cronbach’s alpha based 

on all 15 items was 0.959. 

8. Measurement 

This task was developed by the authors to assess children’s understanding of time, 

temperature, and money. In this task, the researcher showed the student an image and 

read the corresponding question to the student. Questions included telling the time (e.g., 

What time does this clock show?), naming coins (e.g., nickel, quarter), and identifying 

temperatures on a thermometer (e.g., What is the temperature shown in the picture?). 

There were 24 questions. Score was the number of correct responses. Cronbach’s alpha 

based on all items was 0.79. 

2.5. Procedure 

Children participated in two English 30-min individual testing sessions in a quiet 

room at their school. If the children attended French Immersion, they completed an addi-

tional 30-min testing session in French, but performance on the French measures was not 

analyzed in the present study. The order of the tasks was the same for all children and for 

all sessions. Bilingual (English/French speaking) research assistants conducted all of the 

testing. Tasks were balanced so children could enjoy variety within each testing session.  

3. Results 

More girls than boys participated in the study. No gender differences were found in 

student performance (multivariate ps 0.28 to 0.99) or the Canadian home learning envi-

ronments (multivariate ps 0.32 to 0.87). Student gender was not a confound and thus was 

not considered in further analyses. 
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3.1. Data Reduction 

Accuracy was similar for each of the three untimed, applied mathematics measures 

(i.e., word problems, algebra, and measurement, see Table 3). Furthermore, these scores 

were strongly inter-correlated (rs > 0.60) (Field, 2013, p. 270). Thus, principal components 

analysis was used to create a single mathematics outcome. The factor loadings for algebra, 

measurement, and fluency were 0.87, 0.88 and 0.88, respectively, and the factor score ac-

counted for 76% of the variance. The regression factor score was saved and labelled “ap-

plied mathematics”. 

The vocabulary score was negatively skewed (see Table 3). One extreme low outlier 

(4.3 SD below the mean) was excluded from subsequent analyses involving the vocabu-

lary measure. The other measures were normally distributed and did not show floor or 

ceiling effects. 

Table 3. Descriptive statistics and correlations for children’s academic outcomes (n = 81). 

 Applied Mathematics Arithmetic  Literacy  

 Word Problems  Algebra  Measurement Fluency  Vocabulary  
Word Read-

ing  

Word problems   0.63 ***  0.63 ***  0.47 ***  0.54 ***  0.40 ***  

Algebra    0.65 ***  0.46 ***  0.53 ***  0.52 ***  

Measurement     0.52 ***  0.48 ***  0.51 ***  

Fluency      0.22 0.46 ***  

Vocabulary       0.42 ***  

Word Reading        

Score range  1 to 11  1 to 15  2 to 23  5 to 68  15 to 64  10 to 42  

Mean Score (SD)  5.80 (2.40)  7.82 (3.06)  15.66 (4.24)  30.99 (12.79)  48.62 (9.26)  27.99 (8.01)  

Mean Accuracy 

(SD)  
0.59 (0.14)  0.60 (0.18)  0.61 (0.16)     

z-skew  0.59  −1.04  −0.82  3.06  −3.63 *  1.84  

*** p < 0.001. 

3.2. How Can the Home Learning Environment Be Described for Eight-Year-Old Canadian 

Children? 

3.2.1. Home Literacy Environment 

Parents reported engaging in home literacy activities on average, once per week 

above and beyond the demands required for school (see Table 4). There were some statis-

tically significant differences; the mothers in this study reported spending more time on 

home literacy activities than father respondents. The mothers in the study also correctly 

identified more children’s books than the father respondents, suggesting they spent more 

time on informal shared reading with their children than the fathers who responded about 

their involvement with their children. Mothers reported more positive attitudes to literacy 

than fathers.  

  



Educ. Sci. 2022, 12, 513 14 of 30 
 

Table 4. Descriptive statistics for the home learning environment. 

 Parents  Mother  Father  Comparison 

Home Learning Environ-

ment  
M  SD  M  SD  M  SD  t  df  d  

Mathematics          

Operational Activities 1  3.01  0.88  3.12  0.81  2.84  0.96  1.64  78  0.38  

Mapping Activities 1  2.33  0.88  2.42  0.80  2.19  0.99  1.26  78  0.29  

Spatial Activities 1  2.60  0.77  2.74  0.74  2.37  0.78  2.39 * 78  0.55  

Math Games 4  47.38  3.01  47.55  18.43  41.62  18.42  1.41  78  0.32  

Homework time 2  2.58  1.12  2.51  1.14  2.68  1.11  0.07  78  0.15  

Homework help 2  2.53  1.18  2.51  1.23  2.57  1.10  −0.09  76  0.02  

Math attitudes 3  3.86  0.76  3.70  0.72  4.13  0.76  −2.56 * 78  0.59  

General math anxiety  0.00  1.00  0.20  1.13  −0.33  0.63  2.34 * 76  0.54  

Math homework anxiety 0.00  1.00  −0.01  1.02  0.02  0.98  −0.04  76  0.01  

Literacy          

Literacy Activities 1  3.03  0.80  3.22  0.76  2.74  0.80  3.01 ** 78  0.71  

Children’s Books 4  22.89  17.18  27.51  16.39  15.43  15.98  3.19 ** 79  0.73  

Homework time 2  2.75  0.96  2.72  1.02  2.80  0.88  −0.34  78  0.08  

Homework help 2 2.63  1.05  2.80  1.01  2.37  1.09  1.97  77  0.46  

Literacy attitudes 3  3.81  0.73  3.94  0.63  3.61  0.84  2.06 * 78  0.47  

Notes. 1 Scale. 1 = rarely or never, 2 = monthly, 3 = weekly, 4 = several days a week and 5 = most days 

per week. 2 Scale 1 = none, 2 = 1 to 15 min, 3 = 16 to 30 min, 4 = 31 to 1 h, 5- more than 1 h per week. 
3 Scale 1= strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree. 
4 Percentage recognized (adjusted for false alarms). * p < 0.05. ** p < 0.01. 

3.2.2. Home Numeracy Environment 

Parents reported engaging in operational home mathematics activities (e.g., math 

facts practice) about once per week; they reported engaging in mapping and spatial activ-

ities somewhat less often, on average (see Table 4). Mean frequency ratings for math ac-

tivities were analyzed in a 2 (parent: mother, father) by 2 (activity: operational, mapping) 

mixed ANOVA. Parents reported spending more time on operational activities than on 

mapping activities, F(1,78) = 70.54, p < 0.001. This pattern was true for both mothers and 

fathers (i.e., there was no main effect of parent), F(1,78) = 2.51, p = 0.12. Furthermore, there 

was no interaction between parents and activity, F(1,78) = 0.17, p = 0.68, indicating that 

mothers and fathers reported engaging in similar levels of math-related activities with 

their children. For spatial activities, the mean for mothers was higher than for fathers. 

Examination of the individual items, however (see Table 2), indicated that the only item 

differed between mothers and fathers: “I discuss directions to familiar places” (MM = 3.20 

vs. MF = 2.43), t(77) = 2.96, p = 0.004. The other items involved activities of the children and 

did not differ across parents.  
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Comparing parents’ attitudes toward math, there were some statistically significant 

differences as shown in Table 4. Attitudes toward math were more positive for fathers 

than for mothers, and mothers were more math-anxious than fathers (Table 4). Nonethe-

less, both parents reported low anxiety when helping their children with math homework 

(Table 1), and this anxiety did not differ for fathers and mothers (see Table 4). Moreover, 

there were no statistically significant differences in the amount of time mothers and fa-

thers reported helping their children with math homework or in the amount of time par-

ents reported that children spent doing homework.  

We compared parents’ attitudes toward math and literacy using a 2 (parent: mother, 

father) by 2 (attitude: math, literacy) mixed ANOVA. Overall, there were no significant 

differences between parents’ math and reading attitudes, F(1,78) = 1.84, p = 0.18. However, 

there was an interaction between parent and attitudes, F(1,78) = 15.22, p < 0.001, such that 

mothers’ attitudes were more positive toward reading than math; in contrast, fathers’ at-

titudes were more positive toward math than reading. 

In summary, the home mathematics environments provided by fathers and mothers 

were quite similar in terms of the frequency of activities that were reported and the time 

spent helping with homework. Mothers reported more negative attitudes toward math 

than fathers and were more anxious about using math in everyday life. They were not 

more anxious than fathers about helping their children with math homework, however. 

These parental differences should be considered with caution because of the small number 

of participating fathers. Anxiety and attitudes were controlled in subsequent analyses.  

3.3. Research Question 2. Is the Home Learning Environment of Eight-Year-Old Children 

Related to Their Academic Performance? 

3.3.1. Home Literacy Environment 

To understand how parental factors related to the home literacy environment and chil-

dren’s literacy performance, we examined the relations among parent attitudes, activities, and 

children’s literacy outcomes (see Table 5). Parents’ knowledge of children’s books and their 

attitudes toward reading were positively correlated with children’s vocabulary scores. How-

ever, none of the home literacy environment measures were correlated with children’s word 

reading performance. The amount of time parents reported helping with literacy homework 

was not correlated with word reading. Unexpectedly, parents who were more anxious about 

helping their child with math homework did fewer literacy activities, recognized fewer chil-

dren’s books, and were less positive about reading than parents who were less anxious about 

helping with math homework. Furthermore, parents’ math homework anxiety was negatively 

correlated with children’s vocabulary. These correlations between math homework helping 

anxiety and literacy will be explored further in the discussion. 

To determine how the home literacy environment was related to children’s literacy 

performance, we regressed vocabulary and word reading performance on the home envi-

ronment measures (see Table 6). All parents were included in the regression analyses. 

Model 1 included parent education, Model 2 included literacy attitudes, and Model 3 in-

cluded time spent on literacy activities and knowledge of the children’s book list.  

Children’s vocabulary was predicted by parents’ knowledge of children’s books 

(Model 3). Model 3 accounted for 22% of the variance in vocabulary skills. To determine 

if the predictive patterns were driven by parental differences, we conducted a regression 

that included the interactions between parent and each of literacy attitudes, literacy activ-

ities, and booklist knowledge. These interactions did not contribute unique variance to 

students’ vocabulary knowledge (see Table A4). 

In contrast to vocabulary, word reading was not predicted by any of the home liter-

acy measures (see Table 7). Furthermore, the parent factors and home literacy measures 

only accounted for 7% of the variance in word reading skills. In Model 4, we included 

vocabulary as a predictor of word reading. Vocabulary accounted for 12% unique variance 

in word reading, as expected.  
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Table 5. Correlations between the home learning environment and students’ outcomes. 

 Mathematics  Literacy  

 Activities  Affect  Outcomes  Activities  Att.  Outcomes  

 2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  

1.Education  0.27 * 0.18  0.04  0.01  0.11  0.11  
−0.2

3 *  

−0.2

0  
0.22  0.19  0.18  

0.24 

*  
0.13  0.21  0.20  0.21  

Numeracy                  

2. Operational   
0.67 

**  

0.50 

**  

−0.2

9 *  

0.43 

**  
0.16  

−0.2

1  

−0.2

2  

0.32 

**  
0.19  

0.42 

**  
0.07  

0.36 

**  

0.37 

**  
0.17  0.16  

3. Mapping   
0.72 

**  

−0.1

8  

0.39 

**  
0.00  

−0.0

7  

−0.1

4  

0.23 

*  
0.16  

0.56 

**  
0.08  

0.48 

**  

0.42 

**  
−0.02  0.14  

4. Spatial    
−0.0

6  

0.26 

*  

−0.1

4  
0.07  

−0.1

5  
0.15  0.07  

0.60 

**  
0.12  

0.35 

**  
0.26 *  0.03  0.08  

5. Games     
−0.2

4 *  

−0.0

7  

0.26 

*  

−0.1

7  

−0.0

7  
0.10  0.04  

0.42 

**  

−0.1

6  
0.05  0.13  0.09  

6. HW help       0.20  
−0.1

4  

−0.2

0  
0.07  

−0.0

7  
0.13  

−0.0

4  

0.76 

**  
0.26 *  0.06  

−0.0

4  

7. Attitudes        
−0.4

8 *  

−0.1

5  

0.28 

*  
0.10  

−0.1

1  

−0.1

3  
0.11  0.22  0.11  0.08  

8. Gen.anxiety         0.00  
−0.0

7  
0.00  0.17  0.20  

−0.0

6  
0.02  0.12  

−0.0

0  

9. HW anxiety          
−0.0

3  

−0.1

1  

−0.2

5 *  

−0.2

4 *  

−0.1

3  

−0.24 

*  

−0.29 

*  

−0.1

7  

10. Fluency           
0.55 

**  
0.09  

−0.0

9  

−0.0

6  
0.24 * 0.22  

0.46 

** 

11. AppliedMath            0.07  0.13  
−0.1

2  
0.23 * 

0.52 

** 

0.55 

** 

Literacy                  

12. Activities             
0.35 

** 

0.43 

** 

0.39 

** 
0.11  0.10  

13. Book list              0.03 0.16 
0.36 

** 
0.07 

14. HW help               
0.38 

** 
0.02 

−0.1

5 

15. Attitudes                
0.25 

* 
0.18 

16. Vocabulary                 
0.42 

** 

17. Word Read-

ing  
                

Notes. * p < 0.05. ** p < 0.01. HW = homework. 
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Table 6. Hierarchical regressions predicting students’ vocabulary and word reading. 

 Vocabulary Word Reading 

 � p 

Semi- 

partial 

r1 

� p 

Semi- 

partial 

r1 

Model 1       

Parent Education 0.30 ** 0.008 0.30 ** 0.22 0.062 0.22 

∆R2  0.008 0.09 **  0.062 0.05  

Model 2       

Parent Education 0.25 * 0.030 0.24 * 0.19 0.120 0.18 

Literacy Attitudes 0.23 * 0.044 0.22 * 0.14 0.251 0.13 

∆R2  0.044 0.05 *  0.251 0.02 

Model 3       

Parent Education 0.18 0.105 0.17 0.17 0.161 0.16 

Literacy Attitudes 0.22 0.060 0.20  0.14 0.265 0.13 

Literacy Activities −0.06 0.625 −0.05 −0.04 0.779 −0.03 

Children’s book list 0.30 ** 0.013 0.27 ** 0.06 0.624 0.06 

∆R2  0.040 0.08 *  0.880 0.00 

Total R2  0.002 0.22 **  0.290 0.07 

Model 4       

Parent Education    0.10 0.387 0.10 

Literacy Attitudes    0.06 0.644 0.05 

Literacy Activities    −0.01 0.909 −0.01 

Children’s book list    −0.05 0.675 −0.05 

Vocabulary    0.39 ** 0.002 0.34 ** 

∆R2     0.002 0.12 ** 

Total R2     0.013 0.19 * 

1 Value in this column for the ∆R2 and Total R2 rows are proportion of variance. * p < 0.05. ** p < 0.01. 

Notes. Vocabulary: Model 1, F(1,73) = 7.41, p = 0.008; Model 2, F(2,72) = 5.97, p = 0.004; Model 3, F(4,70) 

= 4.87, p = 0.002. Word Reading: Model 1, F(1,73) = 3.59, p = 0.062; Model 2, F(2,72) = 2.47, p= 0.091; 

Model 3, F(4,40) = 1.27, p = 0.29; Model 4, F(5,69) = 3.13, p = 0.013. 
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Table 7. Hierarchical regressions predicting students’ arithmetic fluency and applied mathematics. 

 Fluency Applied Mathematics 

 � p 
Semi par-

tial (r) 1 
� p 

Semi Partial 

(r) 1 

Model 1       

Education 0.21 0.068 0.21 0.21 0.071  0.21 

∆R2  0.068 0.05   0.071 0.05 

Model 2       

Education 0.21 0.069 0.21 0.23 0.063 0.22 

Math attitudes 0.31 * 0.017 0.27 * 0.12 0.359 0.11 

Math anxiety 0.13 0.338 0.11 0.11 0.412 0.10 

∆R2  0.056 0.08  0.595 0.01 

Model 3       

Education 0.15 0.185 0.15 0.20 0.113 0.19 

Math attitudes 0.29 * 0.024 0.25 * 0.11 0.407 0.10 

Math anxiety 0.16 0.217 0.14 0.13 0.349 0.11 

Operational activities 0.25 * 0.031 0.24 * 0.13 0.304 0.12 

∆R2  0.031 0.06 *  0.304 0.01 

Total R2  0.008 0.18 *  0.234 0.08 

Model 4       

Education 0.17 0.162 0.17 0.09 0.429 0.08 

Math attitudes 0.24 0.061 0.21 0.00 0.971 0.00 

Math anxiety 0.16 0.221 0.13 −0.00 0.997 0.00 

Operational activities 0.25 * 0.032 0.24 * 0.08 0.471 0.08 

Vocabulary 0.14 0.253 0.13 0.51 *** < 0.001 0.44 *** 

Children’s Book List −0.21 0.103 −0.18 −0.08 0.490 −0.07 

∆R2  0.222 0.04  < 0.001 0.21 *** 

Total R2  0.011 0.22 *  <0.001 0.28 *** 

1 Value in this column for the ∆R2 and Total R2 rows are proportion of variance. * p < 0.05. *** p < 

0.001. Note. Fluency: Model 1, F(1,72) = 3.44, p = 0.07; Model 2, F(3,70) = 3.21, p = 0.03; Model 3, F(4,69) 

= 3.75, p = 0.07; Model 4, F(6,67) = 3.05, p = 0.01. Applied Mathematics: Model 1, F(1,72) = 3.37, p = 

0.07; Model 2, F(3,70) = 1.46, p = 0.23; Model 3, F(4,69) = 1.36, p = 0.27; Model 4, F(6,67) = 4.33, p = 

0.001. 
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3.3.2. Home Mathematics Environment 

To understand how parental factors related to the home numeracy environment and 

children’s mathematical performance, we first examined the correlations (see Table 5). 

Frequency of operational and mapping activities were correlated, and both were related 

to children’s arithmetic fluency scores. Parents’ math attitudes were also positively corre-

lated with children’s arithmetic fluency. In contrast, home mathematics factors were not 

related to the applied mathematics composite. Parents’ math anxiety was not correlated 

with math outcomes: Recall that most parents reported low levels of math anxiety in our 

sample. 

To determine which home math environment factors were unique predictors of chil-

dren’s mathematical performance, we regressed fluency and applied math performance 

on the home environment variables (see Table 7). Model 1 included parent education, 

Model 2 included parent attitudes and anxiety, and Model 3 included time spent on op-

erational activities. We did not include mapping or spatial activities in the regressions. 

Mapping was strongly correlated with operational activities and thus the two measures 

would account for mostly the same variance in arithmetic fluency; and spatial activities 

were not correlated with either outcome. 

As shown in Table 7, parents’ reports of the frequency of operational activities and 

positive attitudes toward mathematics predicted children’s arithmetic fluency. Parents’ 

math anxiety and education were not unique predictors, likely because of the high num-

ber of educated parents and low levels of parent math anxiety in the sample. To determine 

if these patterns were driven by differences between mothers and fathers, interaction var-

iables were added to the regression (see Table A2 in Appendix A). However, none of the 

interactions between parent and any of math attitudes, math anxiety, and operational ac-

tivities predicted unique variance. Thus, for this group of Grade 3 students, variance in 

their arithmetic fluency scores was accounted for, in part, by their parents’ attitudes to-

ward math (6%) and shared time on activities such as practicing number facts (7%). 

For applied mathematics, none of the predictors included in Models 1 to 3 accounted 

for unique variance. Applied mathematics included assessments related to algebra, word 

problem solving, and measurement. Notably, these measures all require substantial lan-

guage knowledge, both in terms of the task administration and the knowledge of math-

specific vocabulary. To explore these relations, we added vocabulary and book list 

knowledge, the latter as an indicator of the home literacy environment (Model 4). For ap-

plied mathematics, vocabulary explained an additional 21% of the variance but did not 

explain statistically significant variance in the arithmetic fluency. Book list knowledge did 

not account for unique variance in either outcome. 

In summary, variability in the home environment, specifically parents’ math atti-

tudes and their reports of operational activities, accounted for some variance in arithmetic 

fluency. However, the home learning environment did not account for individual differ-

ences in applied mathematics. Instead, vocabulary skills predicted children’s applied 

mathematics scores. This finding will be explored in the Discussion. 

4. Discussion 

In the present study, we had two research goals. The first goal was to understand the 

home learning environment of 8-year-old, Grade 3 Canadian children; and the second 

goal was to determine whether the home learning environment predicts academic skills 

performance for these school aged children. In general, we found that the home learning 

environment included a variety of literacy and mathematics activities that parents shared 

with their children. As in previous studies with young children, parents showed individ-

ual differences to the extent to which they reported various home learning activities. We 

also found some relations between the home learning environment and children’s literacy 

and mathematics skills. Below, we describe the ways in which the home learning 
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environments in the current study with 8-year-old children were similar and different to 

those observed for younger Canadian children [20]. 

4.1. Literacy 

Parents reported providing a range of literacy activities. The least frequent activity 

was visiting the library for children’s books, whereas the most frequent activities were 

helping their child read English books and teaching their child to recognize printed 

words. On close examination, only three of the seven schools in the study had an accessi-

ble neighborhood public library within a 15-min walking or biking distance. The proxim-

ity of libraries to other participating schools involved a 10-min car ride or a 45-min bus 

ride in one direction. Library use has been associated with increased shared reading prac-

tices for kindergarten students in the U.S. [103]; library proximity within a community 

may account for the overall low frequency score in this sample. However, considering 

that the most frequent activity parents reported was reading books and working on 

printed words, these families were accessing reading materials in other ways. These ways 

might include materials sent home from school, use of the school libraries, and/or through 

the purchasing of home materials. For example, all schools in which the recruitment took 

place during the parent–teacher conferences had a popular book fair with new books 

available for purchase as a fundraiser for the school library. 

Consistent with other research (e.g., [12,20]), parents’ literacy attitudes were corre-

lated with their reported frequency of literacy activities and knowledge of children’s 

books, suggesting that these relations are consistent features of the home literacy environ-

ment involving 8-year-old children across various Canadian demographics (e.g., rural/ur-

ban, single language versus Immersion learning contexts). Canadian parents are still in-

fluencing children’s literacy learning once their children are in school. In fact, parents are 

sensitive to the developmental reading capabilities of their children [41]. 

With respect to children’s skills, parents’ attitudes toward literacy and their 

knowledge of children’s books (an indirect indicator of their time spent reading with their 

child) were correlated with their children’s vocabulary. This finding is consistent with 

research involving young children in which shared reading and the availability of chil-

dren’s books is related to vocabulary knowledge [12]. Dong et al. [55] reported that read-

ing comprehension was related to parents’ home literacy activities and beliefs for children 

aged 6 through 12 years and was not moderated by age. We did not assess children’s 

comprehension skills in the present study, but the pattern of relations with vocabulary is 

consistent with the view that this aspect of the home literacy environment is stable for 

children in the early school grades. 

In contrast to research involving 5- and 6-year-old children [20], parents’ reports of 

literacy activities in the current study were not related to their children’s word reading 

skills. One possibility is that the literacy activities queried in the present study may not 

align with those important for reading skills for this age group. For example, 8-year-old 

children may have developed independent reading skills which may change the home 

reading dynamic, or they may be practicing reading skills in an additional language 

(where parents may or may not be able to help depending on their familiarity of the ad-

ditional language). The majority of these children attended Immersion schools but had 

learned to read in both English and French. Moreover, although it was not statistically 

significant, the trend was for a negative relation between frequency of literacy activities 

and word reading, suggesting that some parents may be helping children with weaker 

skills [94,99]. Another possibility is that, because parents’ reports of literacy activities in-

dicated that they frequently helped their child read, recognize words, and write stories, 

these home activities may be common regardless of children’s reading skill level. 
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4.2. Mathematics 

Parents reported a range of mathematics activities: “Doing math in your head,” 

“Practicing addition and subtraction facts” and “Playing with toys such as Lego” were 

reported as the most frequent home mathematics activities of those listed on the survey. 

Activities associated with more complex skills, such as practicing multiplication facts and 

fractions, were reported less frequently than those associated with addition and subtrac-

tion. Mapping activities, many of which are frequently reported for young children in 

previous work (e.g., teaching about quantities, printing numbers [20]), were reported with 

somewhat lower frequency than in previous studies. Operational activities that were fo-

cused on arithmetic skills were reported more frequently, overall, than mapping activities. 

These patterns are consistent with the focus of mathematics instruction at this grade level, 

and so may reflect parents’ knowledge of their children’s skill levels for these activities 

[94,99]. 

Consistent with [20], parents’ mathematics attitudes were correlated with arithmetic 

fluency, but not with other measures of the home learning environment. Mathematics at-

titudes were correlated with math anxiety of parents. Mothers reported higher anxiety 

and less positive attitudes toward math than fathers, consistent with the large literature 

on gender differences in mathematics anxiety and attitudes [104,105]. However, likely be-

cause of the low overall level of math anxiety reported by the parents in the current work, 

math anxiety was not related to children’s mathematics performance. Mathematics home-

work was reported infrequently, and parents did not report feeling anxious about helping 

with their child’s math homework, perhaps because the basic skills practiced in Grade 3 

were within the competency range of these parents with community college or university 

education. 

The frequency of reported literacy and mathematics activities was positively corre-

lated. Literacy activities were correlated highly with both mapping and spatial activities, 

and moderately with operational activities. Thus, parents who reported one type of activ-

ity also reported similar levels of other types of activities. Despite these reporting consist-

encies, home learning experiences were differentially related to the literacy and mathe-

matical outcomes, and thus replicate similar nuanced patterns for the home learning en-

vironments of young children from Canadian homes [20] 

4.3. Mothers versus Fathers 

In general, mothers’ and fathers’ reports of home learning environments were simi-

lar. For example, parents reported spending equal amounts of time helping with home-

work and had similar levels of knowledge about mathematics games (used as a proxy for 

how often families play games). This similarity in responses between parents can provide 

us with some confidence when extrapolating home learning research involving Canadian 

mothers, to Canadian families in general. In addition, most parents in this Canadian study 

were equally visible, attending the parent–teacher interviews at the schools together. Ac-

cording to Rose and Atkin [106], fathers have become more visible parents compared to 

previous generations of fathers. Baker [68] found that, when fathers were involved in their 

kindergarteners’ school events, their involvement predicted reading and mathematics 

achievement scores even after controlling for maternal involvement, home learning con-

text, and other demographic variables. 

Some commonly observed differences across parents were nevertheless seen in our 

sample. For literacy, mothers reported engaging in more home literacy activities, they felt 

more positive toward reading and writing, and they had more knowledge of children’s 

books than fathers. This pattern of differential shared reading is consistent with results 

reported by Swain et al. [71], who found that mothers were three times more likely to read 

to their 4- and 5-year-old children every day than were fathers. 

For mathematics, Canadian mothers and fathers reported spending the same amount 

of time on home mathematics activities and helping children with their mathematics 
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homework, which is in line with a Chilean study showing no gender differences in home 

mathematics contexts [62]. However, the Canadian fathers in the current study reported 

feeling more positive and less anxious about mathematics than mothers. The differences 

in responses of mothers and fathers in terms of math anxiety reflect the prevalence of 

negative feelings about mathematics among women, more generally [104], but did not 

extend to activities with their children. del Río et al. [84] attributed gender differences in 

parenting practices to societal cultural beliefs about males being proficient in mathemat-

ics, and these stereotypes are set before children start school. Although some research has 

suggested that parents’ math anxiety may influence children’s mathematics learning in 

the early grades [90] and into high school [107], the influence of teachers is also critical 

[108,109]. More research is needed to understand the factors that influence relations be-

tween parents’ affect toward mathematics and literacy and their children’s performance. 

4.4. Homework 

Because the children in this study were in their third year of formal schooling, we 

asked about homework. Parents reported that children spent between 1 and 15 min of 

homework per week for each of math, reading, writing, and spelling, which is consistent 

with the view in these schools that homework should play a limited role in learning for 

children at this age. Parents reported helping their children with homework about the 

same amount of time as they reported that children had homework, suggesting this was 

a shared activity. In summary, homework was infrequent and the amount of homework 

reported to be completed was unrelated to children’s academic performance. These pat-

terns might be different in school systems where homework is expected and occurs fre-

quently. 

4.5. Spatial Activities 

Research on spatial activities within the home learning environment is limited [11]. 

Consistent with some research (e.g., [110]), the frequency of spatial activities was not re-

lated to children’s mathematics in the present study. Moreover, although mathematics is 

related to spatial abilities, the relation is complex and may not be causal [111]. More de-

tailed and precise measures of children’s home experiences that might relate to spatial 

skills at all age and grade levels will be necessary to understand the extent to which these 

specific home activities may influence mathematical development. 

4.6. Limitations 

Despite our efforts to recruit fathers and even parents in general, mothers were still 

more likely to agree to complete the survey than fathers. Parents are often considered an 

untapped resource on the one hand, but busy with their families on the other, and do not 

have the resources to participate in non-monetized activities with little direct benefit. Alt-

hough the findings are in line with our home learning Canadian research program, be-

cause of the small sample size, comparisons between mothers and fathers should be con-

sidered with caution. Further research that includes fathers and this school-age demo-

graphic are recommended to replicate and generalize findings. Studies that include both 

parents from the same families are also important [62]. Further investigation through fo-

cus groups or pilot testing may also consider the range of questions on home learning 

surveys; fathers may make qualitatively different contributions that have not been con-

sidered in this research area. Anecdotally, fathers in this current study mentioned their 

role in physical activities and sports, and supervision during free play or leisure times, 

involvement which might be distinct from that of mothers. Other diversity considerations 

include information about non-binary support roles and families that include other care-

givers who provide additional learning supports. Although an attempt was made to re-

cruit diverse families in this research, even more diversity than that reported in the current 

work would have been informative. Finally, given increased societal awareness about the 
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important role of parents as illuminated by the COVID-19 pandemic, future research is 

needed to determine if and how the pandemic lockdowns and social isolation periods 

affected the educational dynamics of the home-school learning relationship. 

4.7. Educational Implications 

Based on the findings of this study and other research (e.g., [61,112], caregivers 

should be encouraged to continue literacy and mathematics learning opportunities even 

after children start full-day schooling. Moreover, fathers’ participation in research, home 

learning, and school involvement should be encouraged. Both parents are encouraged to 

contribute to home learning in Canada, with non-stereotypic genderized roles, and by 

providing literacy and mathematics practice opportunities to support their children’s ed-

ucational goals. Finally, providing parents and teachers with information about the di-

verse activities that can be included in the home learning environment may help them to 

understand that attitudes, preferences, and stereotypes may shape their children’s learn-

ing. 

4.8. Conclusions 

The study extends our understanding of the home learning environment of Canadian 

children into middle childhood. Consistent with previous Canadian research 

[20,75,93,99], school aged children receive academic support from their parents (or care-

givers), who guide, expose, mentor, explain, expand, apply, and interpret literacy and 

mathematics in home contexts. The home environment (attitudes, affect, activities) was 

related to Grade 3 (8-year olds) children’s vocabulary and arithmetic fluency scores. Re-

sponses were similar for Canadian mothers and fathers; however, mothers reported more 

positive attitudes toward literacy and they knew more titles of children’s books (indica-

tive of reading practices) than fathers. In contrast, fathers showed more positive attitudes 

and less anxiety toward mathematics than mothers. Despite these parental differences, 

both mothers and fathers reported helping with children’s homework and providing a 

variety of educational home activities. Given differences in sample sizes and age ranges, 

and the linguistic and cultural differences from studies completed around the world, fur-

ther collaborative large scale, multi-site work using similar measures and methods is re-

quired to interpret the growing range of cross-cultural findings extant on home-school 

practices encouraging learning from the preschool years and beyond [25]. 
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Appendix A 

Table A1. Correlations amongst the home numeracy environment and students’ mathematical 

outcomes (mothers are above the diagonal, fathers are below the diagonal). 

   Home Activities Math Attitudes Outcomes 

  1 2 3 4 5 6 7 8 9 10 11 

1 Parent Education  0.25 0.18 0.26 0.13 0.04 −0.07 0.01 −0.25 0.01 −0.09 

 Home Activities            

2 Operational 0.43 *  0.65 ** 0.48 ** −0.25 0.42 ** 0.13 −0.27 −0.05 0.29 * 0.29 * 

3 Mapping 0.17 0.70 **  0.65 ** −0.04 0.46 ** 0.04 −0.07 −0.11 0.16 0.24 

4 Spatial 0.04 0.55 ** 0.82 **  0.01 0.30 * −0.10 0.05 −0.14 0.00 0.11 

5 Games checklist −0.01 
−0.47 

** 
−0.41 * −0.29  −0.16 −0.08 0.02 

−0.32 

* 
0.03 0.17 

6 Math HW help 0.35 0.52 ** 0.31 0.30 
−0.40 

* 
 0.16 −0.11 −0.15 −0.04 −0.08 

 Attitudes/Anxiety            

7 Math attitudes 0.17 0.33 0.06 −0.00 0.07 0.28  
−0.44 

** 
0.19 0.14 −0.04 

8 Gen. math anxiety 0.40 * −0.33 −0.24 −0.18 0.26 −0.41 * 
−0.50 

** 
 −0.13 0.01 0.09 

9 Math HW anxiety 
−0.48 

** 
−0.38 * −0.15 −0.10 0.08 −0.23 

−0.71 

** 
0.42 *  0.18 0.12 

 Outcomes            
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10 Fluency 0.39 * 0.43 * 0.38 * 0.46 * −0.15 0.23 0.38 * −0.12 −0.35  0.52 ** 

11 Applied Math 0.45 * 0.12 0.11 0.10 0.00 −0.02 0.29 −0.22 
−0.47 

* 
0.60 **  

Notes. *p < 0.05. **p < 0.01. 

Table A2. Regression predicting arithmetic including interaction effects. 

 � p Semi Partial (r) Unique R2 

Full Model     

Parent education 0.16 0.18 0.145 0.021 

Math attitudes 0.30 0.03 * 0.238 0.057 

Math anxiety 0.39 0.07 0.198 0.039 

Operational activities 0.32 0.01 * 0.281 0.079 

Parent 0.26 0.05 * 0.218 0.048 

Parent *attitudes 0.13 0.33 0.106 0.011 

Parent *anxiety 0.24 0.25 0.127 0.016 

Parent * operations 0.04 0.75 0.035 0.001 

Total R2 0.24 0.02 *   

Notes. Statistically significant � values have been bolded. * p < 0.05. Interaction effects were 

calculated with mean-centred variables and coding mother = −1, father = 1.  

Table A3. Correlations amongst the home literacy environment and children’s mathematical 

outcomes (mothers above the diagonal, fathers below the diagonal). 

  1 2 3 4 5 6 7 

1 Parent education  0.04 0.35 * 0.37 ** 0.16 0.19 −0.05 

2 Literacy attitudes 0.40 *  0.18 0.06 0.15 0.23 0.22 

3 Literacy Activities 0.17 0.54 **  0.34 * 0.36 * 0.27 0.15 

4 Children’s book list 0.37 ** 0.13 0.13  −0.09 0.36 * 0.22 

5 Homework help 0.02 0.47 ** 0.58 ** 0.04  0.01 −0.05 

6 Vocabulary 0.34 0.31 0.04 0.30 −0.04  0.48 ** 

7 Word reading 0.50 ** 0.19 0.07 −0.11 −0.34 0.40 *  

* p < 0.05.** p < 0.01. 
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Table A4. Regression predicting student vocabulary including interaction effects. 

 � p Semi Partial (r) 

Model 4    

Parent education 0.14 0.27 0.137 

Literacy attitudes 0.28 0.03 * 0.260 

Literacy activities −0.08 0.53 −0.078 

Children’s book list 0.34 0.02 ** 0.281 

Parent 0.06 0.65 0.056 

Parent * attitudes 0.06 0.64 0.058 

Parent * activities −0.15 0.23 −0.147 

Parent * books 0.05 0.67 0.051 

Total R2 0.27 0.01 **  

Notes. * p < 0.05. ** p < 0.01. Interaction effects were calculated with mean-centred variables and 

coding mother = −1, father = 1. 
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