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Abstract

Research focusing on the home mathematics environment

has shown mixed results across age groups. Using data from a

large online survey, we explored parents' perceptions of the

age appropriateness of home mathematics activities for their

children. Children's ages ranged from one to 6 years old

(N = 958). Activities spanned multiple domains of early math-

ematics including numeracy, geometry, patterning, spatial, and

measurement domains. Descriptive statistics show there are

clear developmental shifts in the appropriateness ratings for

activities within and across these domains. Findings provide

insight for future implications on the measurement of the

home mathematics environment, as well as future research

on age differences in the home mathematics environment.

K E YWORD S

age, home mathematics environment, measurement,
parent report

1 | INTRODUCTION

A growing body of work has focused on how the home mathematics environment (HME) relates to early mathemat-

ics skills (Daucourt et al., 2021; Hornburg et al., 2021). Although a recent meta-analysis found a small average rela-

tion (r = .14) between the HME and mathematics achievement, there is considerable variability in the individual

estimates of the relation (Daucourt et al., 2021). Findings from several studies have yielded mixed results
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(Benavides-Varela et al., 2016; Huntsinger et al., 2016; Lefevre et al., 2009; Missall et al., 2015). Age-attributable dif-

ferences in relations have been found at both the construct and item level (Thompson et al., 2017). These mixed

results raise the question of whether the current measurement processes for the HME capture the nuances of

parent–child engagement across development. Findings in Thompson et al. (2017) align with Hornburg et al.' (2021)

call for children's age and cognitive development to be included in the measurement of the HME given the likelihood

that caregivers engage their children in different activities across development. Including age-appropriate items in

HME surveys may allow for more precise measurement of parent–child mathematics engagement.

Prior work has categorized early mathematics activities as direct and indirect (LeFevre et al., 2009). Parents

engage in direct and indirect numeracy activities at different rates (Sénéchal & LeFevre, 2002). Beyond this,

parents may also believe certain direct activities (i.e., counting objects) and indirect activities (i.e., playing with puz-

zles) are more appropriate at different ages.

One method for understanding age differences in the HME is to go beyond measuring the frequency of what par-

ents report doing with their children and consider what activities parents view as appropriate for their children at differ-

ent ages. Parent-reported beliefs about the importance of mathematics have previously been used to examine the

HME (Maloney et al., 2015; Zippert & Rittle-Johnson, 2020), and parent reports on child skills are a useful and unique

measure of child ability (Lin et al., 2021). Focusing on parent ratings of appropriateness allows a deeper understanding

of how parents approach early mathematics with their children (Cannon & Ginsburg, 2008). Age-specific activities are

likely to be more relevant and suitable for developing children's mathematics skills due to these skills developing along

a trajectory (Clements & Sarama, 2011) such that basic skills build the foundation for more advanced concepts and

applications of those skills (Litkowski et al., 2020). The relation between the HME and children's mathematics perfor-

mance may be attenuated if constructs are measured imprecisely, such as using items that are not age appropriate.

To understand what types of items would be best for researchers to use at different ages in early development, there

is a critical need to understand what parents believe are age-appropriate activities and how those beliefs differ across

ages. In this study, we examine parent beliefs of the appropriateness of home numeracy, spatial, geometry, and measure-

ment activities to determine the age bands at which parents believe each item is appropriate. This information will pro-

vide critical insights for researchers to develop more age-appropriate measures, and potential interventions, for the HME.

2 | METHOD

2.1 | Participants

This study was preregistered [https://osf.io/c93y2]. Data for this study came from the Early Home Learning Environ-

ment (EHLE) Dataset (Ellis et al., 2022), an open-access dataset focused on parent reports of the home learning envi-

ronment. Data were collected through Prolific. The full dataset and specific information about eligibility criteria for

parent participation can be seen in the codebook, which is publicly available on LDbase (Ellis et al., 2022). The ana-

lytic sample for this study is restricted to 958 parents of children whose ages ranged from one to 6 years old (86%

white, 7.3% Black or African American, 3.4% Bi/Multi-racial, 1.9% Asian, 1.4% other). There were 45: 1-year-olds,

71: 2-year-olds, 218: 3-year-olds, 192: 4-year-olds, 244: 5-year-olds, and 188: 6-year-olds. Caregivers who com-

pleted the survey were primarily female (67.75%), with 30.9% of participants identifying as male, and 1.4% as non-

binary, third gender, or other. The mean annual income of the sample fell within the range of $60,000–$70,000 and

ranged from <$10,000 to more than $150,000 a year.

Data for the EHLE were collected through parent surveys in their Prolific profile. Missing data can be explained

by the participant not completing the survey or deciding to end the survey mid-collection. All parents in the survey

had to pass at least 62% of attention check questions (e.g., “for this response, choose Never”) to be paid and

included in the final sample. Seven participants were excluded from the dataset for not passing the attention check.

Although there are no accepted metrics for an acceptable attrition rate due to failed attention checks, seven partici-

pants constitute <1% of the sample used in this study.
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2.2 | Measures

2.2.1 | Demographic survey

Information was collected on the demographic characteristics of each participant. Parents were asked to identify

their race/ethnicity, gender, and annual income. Further, parents reported on children's basic demographic informa-

tion, including child age.

2.2.2 | Home mathematical environment survey

Parents were asked 60 questions about the home mathematics environment. Past research has primarily measured

numeracy-based activities (Lefevre et al., 2009), but there are several other important domains in early mathematics.

Spatial (e.g., Purpura et al., 2020), measurement (e.g., Rittle-Johnson et al., 2016), geometry (e.g., Dearing

et al., 2012), and patterning (e.g., Zippert & Rittle-Johnson, 2020) activities have also been identified as potentially

important aspects of the HME. These items were taken from a variety of prior studies and include activities related

to numeracy, spatial, measurement, patterning, and geometry skills (Blevins-Knabe & Musun-Miller, 1996; Dearing

et al., 2012; del Río et al., 2017; Hart et al., 2016; Manolitsis et al., 2013; Missall et al., 2017; Mutaf Yıldız

et al., 2018; Napoli & Purpura, 2018; Niklas & Schneider, 2014; Niklas et al., 2016; Purpura et al., 2020; Ramani

et al., 2015; Skwarchuk, 2009; Thompson et al., 2017; Zippert & Rittle-Johnson, 2020; Xu et al., 2021).

2.2.3 | Perceived appropriateness of skills

For each HME activity, parents were asked to assess the developmental appropriateness of that activity for their

own child or children. For example, parents were asked, “This activity [counting objects] is ____ for my child,” with

potential responses of 1 = Too easy, 2 = Just right, or 3 = Too hard. Parents were not given any other specific

instructions or prompts regarding how to answer the question.

2.3 | Analytic approach

Descriptive statistics (n, mean, SD) for each HME item were calculated. Descriptive statistics can be seen for numer-

acy items in Table 1, spatial, patterning, and geometry items in Table 2, and measurement items in Table 3. Parent

reports of their general beliefs of alignment fell into three categories (too easy, just right, too hard). The percentage

of parents who indicated each of the three categories was examined at the item level, sorted into their respective

domains.

3 | RESULTS

3.1 | Parent belief in the alignment of activities with child's ability

3.1.1 | Numeracy activities

Proportions of parents' beliefs of appropriateness for each numeracy activity can be seen in Figure 1. Out of 34 activ-

ities, most (31) were considered too hard by parents for their 1-year-old children. However, the activity parents most

EHRMAN ET AL. 3 of 13
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TABLE 1 Descriptive statistics for parent report on the appropriateness of home numeracy activities.

Child age

1 2 3 4 5 6

Variable n M SD n M SD n M SD n M SD n M SD n M SD

Count objects 43 2.35 0.57 70 2.00 0.54 214 1.73 0.50 191 1.57 0.53 243 1.36 0.51 186 1.38 0.49

Use number

storybooks

42 2.40 0.50 69 2.16 0.61 214 2.13 0.54 190 2.01 0.48 241 1.92 0.49 184 1.82 0.54

Play with

number

magnets

42 2.36 0.62 69 2.13 0.62 211 1.97 0.58 188 1.90 0.62 241 1.70 0.58 183 1.52 0.53

Recite numbers

in order

42 2.71 0.51 69 2.00 0.66 214 1.74 0.57 190 1.63 0.55 241 1.50 0.54 184 1.49 0.50

ID names of

number

43 2.79 0.41 70 2.26 0.63 214 2.20 0.66 191 1.94 0.60 243 1.76 0.66 186 1.65 0.56

Use number

activity books

42 2.76 0.43 69 2.51 0.61 214 2.32 0.53 190 2.05 0.49 241 1.92 0.46 184 1.80 0.48

Sing math songs 42 2.71 0.46 69 2.54 0.61 214 2.25 0.57 190 2.11 0.55 241 1.93 0.55 184 1.82 0.50

Note numbers

on signs

42 2.67 0.48 69 2.43 0.61 214 2.16 0.62 190 1.95 0.60 241 1.83 0.60 183 1.75 0.52

ID more, less,

equal

42 2.83 0.38 69 2.70 0.49 211 2.34 0.55 188 2.16 0.53 240 1.96 0.55 182 1.90 0.53

Guess the

number of

objects

42 2.90 0.30 69 2.64 0.57 214 2.34 0.57 190 2.17 0.58 241 2.03 0.51 184 2.02 0.48

Count down 43 2.72 0.45 70 2.49 0.61 214 2.21 0.65 191 1.92 0.66 243 1.66 0.64 186 1.49 0.59

Compare

numbers

42 2.81 0.45 69 2.62 0.55 214 2.43 0.58 190 2.25 0.53 241 2.02 0.55 183 1.90 0.51

Connect-the-

dots

43 2.91 0.29 70 2.63 0.57 214 2.40 0.65 191 2.08 0.60 243 1.87 0.57 186 1.58 0.51

Math games on

computer

42 2.95 0.22 69 2.80 0.44 214 2.55 0.54 190 2.31 0.55 241 2.11 0.55 183 2.00 0.36

Play with

dominos

42 2.79 0.42 69 2.74 0.47 211 2.53 0.57 188 2.41 0.55 241 2.27 0.57 183 2.19 0.57

Use number

flashcards

43 2.79 0.47 70 2.54 0.56 214 2.44 0.65 191 2.26 0.62 243 2.04 0.62 186 1.95 0.58

Math games in

car

42 2.95 0.22 69 2.87 0.42 214 2.62 0.51 190 2.38 0.58 241 2.20 0.56 183 2.09 0.41

Play with die or

spinner

42 2.90 0.30 69 2.83 0.42 214 2.59 0.55 190 2.32 0.54 241 2.08 0.47 184 1.95 0.39

Print numbers 43 2.88 0.32 70 2.80 0.50 214 2.68 0.50 191 2.27 0.58 243 1.91 0.53 186 1.77 0.53

Play with math

mat

42 2.86 0.35 69 2.78 0.48 211 2.64 0.53 188 2.47 0.56 241 2.25 0.58 183 2.04 0.53

Use a piggybank 42 2.95 0.22 69 2.84 0.44 214 2.67 0.51 190 2.51 0.57 241 2.32 0.59 183 2.18 0.55

Use calendars

and dates

43 2.93 0.26 70 2.83 0.38 214 2.69 0.49 191 2.48 0.55 243 2.35 0.56 186 2.16 0.53

Play with

calculators

43 2.84 0.37 70 2.66 0.56 214 2.65 0.57 191 2.55 0.52 243 2.39 0.61 186 2.19 0.58
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TABLE 1 (Continued)

Child age

1 2 3 4 5 6

Variable n M SD n M SD n M SD n M SD n M SD n M SD

Play card games 42 2.93 0.26 69 2.84 0.41 214 2.73 0.46 190 2.48 0.55 241 2.27 0.58 184 2.19 0.48

Wear a watch 42 2.90 0.30 69 2.68 0.58 212 2.67 0.55 189 2.50 0.58 241 2.40 0.60 183 2.19 0.57

Temp, time, and

dates

42 2.93 0.26 69 2.88 0.32 214 2.72 0.51 190 2.53 0.53 241 2.36 0.59 183 2.18 0.54

Learn simple

sums

42 2.95 0.22 69 2.90 0.35 214 2.76 0.45 190 2.43 0.61 241 2.04 0.59 184 1.82 0.54

Count out

money

42 2.95 0.22 69 2.83 0.38 211 2.76 0.45 188 2.53 0.54 241 2.38 0.54 183 2.23 0.50

Help with math

homework

42 2.98 0.15 69 2.93 0.31 214 2.85 0.37 190 2.62 0.50 241 2.14 0.57 183 2.02 0.47

Do math in your

head

42 2.93 0.34 69 2.93 0.31 211 2.85 0.37 188 2.64 0.54 241 2.39 0.58 183 2.21 0.51

Play with an

abacus

42 2.71 0.46 69 2.67 0.53 212 2.55 0.61 189 2.53 0.54 241 2.40 0.66 183 2.28 0.67

Interact with

clocks

42 2.83 0.38 69 2.75 0.43 214 2.70 0.49 190 2.56 0.53 241 2.43 0.60 183 2.25 0.54

Do word

problems

42 2.95 0.22 69 2.93 0.31 214 2.85 0.37 190 2.71 0.48 241 2.58 0.55 183 2.36 0.55

Talk about math

in sports

42 2.95 0.22 69 2.94 0.24 211 2.86 0.36 188 2.67 0.48 241 2.48 0.56 183 2.36 0.56

TABLE 2 Descriptive statistics for parent report on the appropriateness of home spatial, patterning, and
geometry activities.

Child age

1 2 3 4 5 6

Variable n M SD n M SD n M SD n M SD n M SD n M SD

Sort by size,

color, shape

42 2.26 0.50 69 2.01 0.50 214 1.69 0.56 190 1.56 0.57 241 1.34 0.50 184 1.38 0.50

Play with blocks 42 1.90 0.58 69 1.61 0.52 211 1.66 0.50 188 1.66 0.53 241 1.53 0.54 183 1.48 0.50

Play with

puzzles

42 2.33 0.53 69 2.10 0.60 212 2.05 0.47 189 2.02 0.44 241 2.01 0.47 183 1.95 0.37

TV shows with

patterns

42 2.29 0.64 69 2.25 0.58 211 2.03 0.52 188 2.03 0.50 240 1.92 0.55 182 1.86 0.48

Read books with

patterns

42 2.26 0.54 69 2.36 0.51 211 2.10 0.46 188 2.11 0.49 240 1.99 0.48 182 1.92 0.44

Identify big vs.

small

42 2.48 0.55 69 2.14 0.62 211 1.97 0.55 188 1.81 0.58 240 1.60 0.58 182 1.62 0.53

Play with LEGO 42 2.52 0.55 69 2.13 0.59 212 1.99 0.49 189 1.95 0.40 241 1.89 0.47 183 1.89 0.46

Make collections 42 2.52 0.59 69 2.32 0.61 214 2.05 0.58 190 1.91 0.63 241 1.81 0.55 184 1.77 0.55

Make/copy

patterns

42 2.64 0.53 69 2.23 0.65 211 2.13 0.57 188 2.03 0.56 241 1.80 0.57 183 1.70 0.56

(Continues)
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often reported as fitting just right for their 1-year-olds was ‘reading number storybooks’ (59.52%). At age two, ‘cou-
nting objects’ (71.43%) was the activity most often rated by parents as fitting with their child's ability level, with

most other activities (29) considered too hard. At ages three and four, ‘reading number storybooks’ (69.63% and

TABLE 2 (Continued)

Child age

1 2 3 4 5 6

Variable n M SD n M SD n M SD n M SD n M SD n M SD

Play game with

pattern

42 2.67 0.53 69 2.49 0.58 211 2.32 0.53 188 2.19 0.55 240 2.05 0.55 182 1.87 0.56

Computer for

shape

42 2.83 0.44 69 2.61 0.52 212 2.34 0.60 189 2.27 0.55 241 1.98 0.61 183 1.91 0.54

Next in a pattern 42 2.90 0.37 69 2.61 0.55 211 2.43 0.58 188 2.20 0.59 241 1.94 0.62 183 1.87 0.53

Computer with

patterns

42 2.88 0.33 69 2.70 0.46 211 2.38 0.56 188 2.16 0.55 240 2.00 0.51 182 1.95 0.40

Copy a pattern

with other

material

42 2.83 0.44 69 2.81 0.43 211 2.57 0.55 188 2.31 0.59 240 2.11 0.60 182 1.97 0.54

Discuss patterns 42 2.83 0.44 69 2.86 0.35 211 2.59 0.52 188 2.44 0.56 240 2.31 0.53 182 2.13 0.49

Describe pattern

in words

42 2.79 0.47 69 2.86 0.39 211 2.64 0.53 188 2.45 0.59 240 2.22 0.60 182 2.03 0.49

Use computer

for spatial

42 2.93 0.34 69 2.91 0.28 212 2.78 0.48 189 2.63 0.53 241 2.38 0.61 183 2.29 0.56

Use kits to build

models

42 2.95 0.22 69 2.81 0.46 212 2.77 0.45 189 2.61 0.51 241 2.50 0.54 183 2.40 0.52

Make 3D

objects

42 2.88 0.33 69 2.87 0.34 212 2.79 0.45 189 2.59 0.53 241 2.54 0.56 183 2.43 0.54

Draw plans for

buildings

42 2.98 0.15 69 2.96 0.21 212 2.93 0.26 189 2.84 0.37 241 2.68 0.53 183 2.64 0.52

Draw maps 42 2.95 0.22 69 2.94 0.29 212 2.87 0.37 189 2.75 0.47 241 2.58 0.56 183 2.52 0.56

TABLE 3 Descriptive statistics for parent report on the appropriateness of home measurement activities.

Child age

1 2 3 4 5 6

Variable n M SD n M SD n M SD n M SD n M SD n M SD

Measure

ingredients

43 2.79 0.41 70 2.66 0.51 214 2.55 0.54 191 2.46 0.54 243 2.40 0.53 186 2.31 0.53

Being timed 43 2.81 0.45 70 2.71 0.51 214 2.43 0.64 191 2.20 0.58 243 2.13 0.54 186 2.14 0.53

Use a ruler 42 2.90 0.30 69 2.91 0.28 211 2.76 0.47 188 2.43 0.54 240 2.38 0.57 182 2.23 0.51

Use scales 42 2.88 0.33 69 2.81 0.39 211 2.76 0.46 188 2.56 0.53 241 2.39 0.59 183 2.36 0.53

Measure

lengths/

widths

42 2.93 0.34 69 2.93 0.26 214 2.85 0.38 190 2.64 0.49 241 2.52 0.55 183 2.44 0.54

6 of 13 EHRMAN ET AL.
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77.37%, respectively) was the activity most frequently rated by parents as just right for their children. However, at

age three, still more than half of the numeracy activities (22) were considered by parents to be too difficult for their

children. In contrast, most numeracy activities (19) were rated as just right by age four. By age five, the majority of

activities (28) were rated by parents as just right for their children's ability, with two activities rated as too easy and

only four activities rated as too hard. The activity most frequently rated as just right by parents for their 5-year-olds

F IGURE 1 Parent's rating of home numeracy activities as ‘too easy,’ ‘just right,’ or ‘too hard’.

EHRMAN ET AL. 7 of 13
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was ‘using number storybooks’ (78.42%). At age six, none of the numeracy activities were rated by parents as being

too hard for their children, and four of the activities were rated as too easy. The activity most frequently rated as just

right for 6-year-olds by their parents was ‘using computer games to do math’ (86.89%).

3.1.2 | Spatial, patterning, and geometry activities

Proportions of parents' beliefs of appropriateness for each spatial and geometry activity can be seen in Figure 2. Out

of 21 activities, 16 were rated too hard for 1-year-old children, and 12 were rated too hard for 2-year-olds. For 1-

and 2-year-olds, the activity most often rated just right by parents was ‘sorting objects by their size, color, or shape’
(69.05% for 1-year-olds; 75.36% for 2-year-olds). Parents rated 13 out of the 21 activities just right for their children

at age three. The activity most frequently reported to be just right for their children by parents was ‘reading books

that show or talk about patterns’ (78.20%). Parents rated 15 of 21 activities as just right for their 4-year-olds, 17 out

of 21 activities as just right for their 5-year-olds, and 19 out of 21 activities as just right for their 6-year-olds. The

activity most often rated as just right by parents for their 4- and 5-year-olds was ‘playing with LEGO’ (84.13% and

F IGURE 2 Parent's rating of home spatial, patterning, and geometry activities as ‘too easy,’ ‘just right,’ or
‘too hard’.
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76.76%, respectively). At age six, the activity most often rated by parents as being just right for their child's ability

level was ‘playing with puzzles’ (85.79%).

3.1.3 | Measurement

Proportions of parents' beliefs of appropriateness for each measurement activity can be seen in Figure 3. Parents

rated all five measurement activities too hard for their one-, 2-, and 3-year-olds. Parents rated 3 out of 5 measure-

ment activities at age four as just right. This increased to 4 out of 5 activities at age five. By age six, all five activities

were rated as just right. For children ages four through six, their parents most often rated ‘being timed’ as the mea-

surement activity that was just right for their ability (62.30%, 68.72%, and 69.89%, respectively).

4 | DISCUSSION

Prior work has found inconsistent relations between the HME and mathematics performance (Daucourt et al., 2021).

One explanation for the inconsistency is that the items used to measure the HME are misaligned with what parents

believe are age-appropriate tasks for their children. In this study, parents rated early mathematics activities as too easy,

too hard, or just right for their child. Results indicated that parent perceptions of what is appropriate for their children

mathematically differs across ages and activities. Notably, playing with blocks was largely viewed as appropriate for all

ages. Other activities were viewed as appropriate for younger children but faded in terms of appropriateness in older

years, such as ‘counting objects’ and ‘sorting objects by size, color, or shape’. Other skills did not become appropriate

until children were older, such as ‘folding or cutting paper to make 3D objects’ and ‘measuring the length and width of

objects’. All measurement activities were rated too hard until age four, a trend that differed from the more gradual transi-

tion to appropriateness seen with numeracy and spatial activities. This may be because of the smaller number of measure-

ment activities in the survey or that measurement activities are considered more formal and advanced. This suggests that

researchers must carefully consider the items used to measure the HME and their alignment with children's ages.

Although there are no consistent state standards across preschool, there were several instances where parent

reports aligned with state standards for early elementary age children. For instance, parents reported that ‘using kits

to build models’ became appropriate at age six. This aligns with kindergarten common core standard K.G.B.5, which

states kindergarten-aged children should be able to model shapes in the world by building shapes from components

(National Governors Association Center, 2010). Parent ratings also aligned with numeracy activities, where they

rated ‘doing simple sums’ as appropriate starting at age five, which aligns with Common Core standard K.OA.A.5,

which states kindergartners should be able to fluently add and subtract within 5 (National Governors Association

Center, 2010). However, parents were not always aligned with the standards. For example, parents did not view

F IGURE 3 Parent's rating of home measurement activities as ‘too easy,’ ‘just right,’ or ‘too hard’.
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‘measuring the length or width of an object’ as appropriate until their child was 6 years old despite early learning

standards recommending measuring as a skill for younger preschoolers to develop and the presence of kindergarten

standards requiring comprehensive use of measurement (Indiana Department of Education, 2014; Michigan State

Board of Education, 2013; Missouri Department of Elementary and Secondary Education, 2021). The distinction

between direct and indirect skills could explain the misalignment between expectations and parent ratings of age-

appropriateness. Future work on the alignment of parental beliefs with school expectations is needed.

4.1 | Limitations

This study examines cross-sectional data where different families were assessed in each age range instead of collect-

ing longitudinal data within families. Longitudinal research would enable researchers to more confidently assess the

development of parents' ratings on the appropriateness of HME skills and explore additional questions, such as

the relation between appropriateness ratings and how frequently parents do HME. Despite this limitation, the pre-

sent study does indicate clear developmental shifts in how parents think about home mathematics activities. All data

follow the expected trends such that parent ratings progress from too hard to just right to too easy. Future work

using longitudinal data could reflect the clear developmental patterns that emerge in the current data.

Second, the age range examined in this study may limit the interpretation of the results. Very few skills were

rated too easy by a plurality of parents by age six. The study does not capture the breadth of what may happen

beyond the selected age range or within more narrow age bands (e.g., differences between 3;0, 3;6, and 4;0).

Although the present study does show that skills eventually fade out from being considered appropriate for children,

there is uncertainty as to what the timing of this transition is for all home mathematics activities. Thus, there is a

need to expand the age range that is studied when investigating the HME.

4.2 | Future directions

The present study suggests that the HME activities parents view as appropriate vary by age, which has implications

for future work. Given that previous work has also found a relation between parent expectations and mathematics

achievement (Daucourt et al., 2021; Hess et al., 1984), future longitudinal work should explore how parent expecta-

tions about mathematics influence what they view as appropriate and what activities they engage with in the HME.

Longitudinal studies looking at the HME across a broad age range are needed to evaluate the trajectories of home

mathematics activities. The current results do not provide insights into why parents rate HME activities differently in

terms of appropriateness. Additional qualitative research to understand how parents make these distinctions would

further improve our understanding of the HME (Hornburg et al., 2021).

Beyond understanding how parents make their decisions, future work should also evaluate the accuracy of par-

ents' decision-making. One possible route for successful interventions in the home is working to align what parents

are doing with their child's skills to optimize the potential for growth. Buy-in from parents can be difficult. By

targeting skills parents view as appropriate for their children, researchers may be able to design interventions with

better retention and fidelity. Doing so could optimize the time parents spend on early mathematics activities to

achieve the most significant benefit for their child.

5 | CONCLUSION

Results of this study show that parents view home mathematics activities differently depending on their child's age.

Apparent developmental shifts are present across activities and different mathematical domains. There were also

10 of 13 EHRMAN ET AL.
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patterns across domains such that numeracy, spatial, and geometry all had activities viewed as appropriate at every

age. In contrast, no measurement activity was viewed as appropriate until age four. These findings are aligned with

results from Thompson et al. (2017), where age-related differences are present for different skills. Among other ben-

efits, these findings provide key information to researchers about what parents deem age-appropriate for their chil-

dren to do mathematically at home.

AUTHOR CONTRIBUTIONS

Patrick Ehrman: Conceptualization; visualization; writing – original draft; writing – review and editing. Alexa Ellis:

Conceptualization; data curation; writing – original draft; writing – review and editing. David J. Purpura: Conceptual-

ization; supervision; writing – review and editing.

ACKNOWLEDGEMENT

This project was approved by Purdue University's IRB, IRB-2021-823.

FUNDING INFORMATION

Funding for this project was provided by a grant through the National Science Foundation.

PEER REVIEW

The peer review history for this article is available at https://www.webofscience.com/api/gateway/wos/peer-

review/10.1002/icd.2458.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are openly available in LDBase at https://doi.org/10.33009/ldbase.

1647978201.2f65.

ORCID

Patrick Ehrman https://orcid.org/0000-0002-1518-6595

Alexa Ellis https://orcid.org/0000-0001-7481-5788

REFERENCES

Benavides-Varela, S., Butterworth, B., Burgio, F., Arcara, G., Lucangeli, D., & Semenza, C. (2016). Numerical activities and

information learned at home link to the exact numeracy skills in 5–6 years-old children. Frontiers in Psychology, 7, 94.

https://doi.org/10.3389/fpsyg.2016.00094

Blevins-Knabe, B., & Musun-Miller, L. (1996). Number use at home by children and their parents and its relationship to early

mathematical performance. Early Development and Parenting, 5(1), 35–45. https://doi.org/10.1002/(SICI)1099-0917
(199603)5:1<35::AID-EDP113>3.0.CO;2-0

Cannon, J., & Ginsburg, H. P. (2008). “Doing the math”: Maternal beliefs about early mathematics versus language learning.

Early Education & Development, 19(2), 238–260. https://doi.org/10.1080/10409280801963913
Clements, D. H., & Sarama, J. (2011). Hypothetical learning trajectories. Routledge.

Daucourt, M. C., Napoli, A. R., Quinn, J. M., Wood, S. G., & Hart, S. A. (2021). The home math environment and math

achievement: A meta-analysis. Psychological Bulletin, 147(6), 565–596. https://doi.org/10.1037/bul0000330
Dearing, E., Casey, B. M., Ganley, C. M., Tillinger, M., Laski, E., & Montecillo, C. (2012). Young girls' arithmetic and spatial

skills: The distal and proximal roles of family socioeconomics and home learning experiences. Early Childhood Research

Quarterly, 27(3), 458–470. https://doi.org/10.1016/j.ecresq.2012.01.002
del Río, M. F., Susperreguy, M. I., Strasser, K., & Salinas, V. (2017). Distinct influences of mothers and fathers on Kindergart-

ners' numeracy performance: The role of math anxiety, home numeracy practices, and numeracy expectations. Early

Education and Development, 28(8), 939–955. https://doi.org/10.1080/10409289.2017.1331662
Ellis, A., King, Y. A., Westerberg, L., O'Rear, C. D., Hornburg, C. B., McElveen, T. L., Zippert, E. L., Cosso, J., Beltrán-Grimm, S.,

Ehrman, P. C., & Purpura, D. J. (2022). Early home learning environment dataset. Learning and Development Data Reposi-

tory. https://doi.org/10.33009/ldbase.1647978201.2f65

EHRMAN ET AL. 11 of 13

 15227219, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/icd.2458, W

iley O
nline L

ibrary on [01/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/icd.2458
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/icd.2458
https://doi.org/10.33009/ldbase.1647978201.2f65
https://doi.org/10.33009/ldbase.1647978201.2f65
https://orcid.org/0000-0002-1518-6595
https://orcid.org/0000-0002-1518-6595
https://orcid.org/0000-0001-7481-5788
https://orcid.org/0000-0001-7481-5788
https://doi.org/10.3389/fpsyg.2016.00094
https://doi.org/10.1002/(SICI)1099-0917(199603)5:1%3C35::AID-EDP113%3E3.0.CO;2-0
https://doi.org/10.1002/(SICI)1099-0917(199603)5:1%3C35::AID-EDP113%3E3.0.CO;2-0
https://doi.org/10.1080/10409280801963913
https://doi.org/10.1037/bul0000330
https://doi.org/10.1016/j.ecresq.2012.01.002
https://doi.org/10.1080/10409289.2017.1331662
https://doi.org/10.33009/ldbase.1647978201.2f65


Hart, S. A., Ganley, C. M., & Purpura, D. J. (2016). Understanding the home math environment and its role in predicting par-

ent report of Children's math skills. PLoS One, 11(12), e0168227. https://doi.org/10.1371/journal.pone.0168227

Hess, R. D., Holloway, S. D., Dickson, W. P., & Price, G. G. (1984). Maternal variables as predictors of children's school readi-

ness and later achievement in vocabulary and mathematics in sixth grade. Child Development, 55, 1902–1912.
Hornburg, C. B., Borriello, G. A., Kung, M., Lin, J., Litkowski, E., Cosso, J., Ellis, A., King, Y. A., Zippert, E., Cabrera, N. J.,

Davis-Kean, P., Eason, S. H., Hart, S. A., Iruka, I. U., LeFevre, J.-A., Simms, V., Susperreguy, M. I., Cahoon, A.,

Chan, W. W. L., … Purpura, D. J. (2021). Next directions in measurement of the home mathematics environment: An

international and interdisciplinary perspective. Journal of Numerical Cognition, 7(2), 195–220. https://doi.org/10.5964/
jnc.6143

Huntsinger, C. S., Jose, P. E., & Luo, Z. (2016). Parental facilitation of early mathematics and reading skills and knowledge

through encouragement of home-based activities. Early Childhood Research Quarterly, 37, 1–15. https://doi.org/10.
1016/j.ecresq.2016.02.005

Indiana Department of Education. (2014). Indiana's early learning development framework aligned to the Indiana academic stan-

dards. Family and Social Services Administration: Office of Early Childhood and Out of School Learning Early Learning

Advisory Committee.

LeFevre, J.-A., Skwarchuk, S.-L., Smith-Chant, B. L., Fast, L., Kamawar, D., & Bisanz, J. (2009). Home numeracy experiences

and children's math performance in the early school years. Canadian Journal of Behavioural Science/Revue Canadienne des

Sciences Du Comportement, 41(2), 55–66. https://doi.org/10.1037/a0014532
Lin, J., Napoli, A. R., Schmitt, S. A., & Purpura, D. J. (2021). The relation between parent ratings and direct assessments of

preschoolers' numeracy skills. Learning and Instruction, 71, 101375. https://doi.org/10.1016/j.learninstruc.2020.101375

Litkowski, E. C., Duncan, R. J., Logan, J. A. R., & Purpura, D. J. (2020). When do preschoolers learn specific mathematics

skills? Mapping the development of early numeracy knowledge. Journal of Experimental Child Psychology, 195, 104846.

https://doi.org/10.1016/j.jecp.2020.104846

Maloney, E. A., Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2015). Intergenerational effects of parents' math

anxiety on children's math achievement and anxiety. Psychological Science, 26(9), 1480–1488. https://doi.org/10.1177/
0956797615592630

Manolitsis, G., Georgiou, G. K., & Tziraki, N. (2013). Examining the effects of home literacy and numeracy environment on

early reading and math acquisition. Early Childhood Research Quarterly, 28(4), 692–703. https://doi.org/10.1016/j.

ecresq.2013.05.004

Michigan State Board of Education. (2013). Early childhood standards of quality for prekindergarten. https://www.michigan.

gov/-/media/Project/Websites/mde/Literacy/Content-Standards/ECSQ_Pre-K.pdf?rev=

0343ae765f9a49668473215e9d3b519d

Missall, K., Hojnoski, R. L., Caskie, G. I. L., & Repasky, P. (2015). Home numeracy environments of preschoolers: Examining

relations among mathematical activities, parent mathematical beliefs, and early mathematical skills. Early Education and

Development, 26(3), 356–376. https://doi.org/10.1080/10409289.2015.968243
Missall, K. N., Hojnoski, R. L., & Moreano, G. (2017). Parent–child mathematical interactions: Examining self-report and

direct observation. Early Child Development and Care, 187(12), 1896–1908. https://doi.org/10.1080/03004430.2016.
1193731

Missouri Department of Elementary and Secondary Education. (2021). Missouri early learning standards. Missouri Early

Learning StandardsjMissouri Department of Elementary and Secondary Education. https://dese.mo.gov/media/pdf/

missouri-early-learning-standards

Mutaf Yıldız, B., Sasanguie, D., De Smedt, B., & Reynvoet, B. (2018). Frequency of home numeracy activities is differentially

related to basic number processing and calculation skills in kindergartners. Frontiers in Psychology, 9, 340. https://doi.

org/10.3389/fpsyg.2018.00340

Napoli, A. R., & Purpura, D. J. (2018). The home literacy and numeracy environment in preschool: Cross-domain relations of

parent–child practices and child outcomes. Journal of Experimental Child Psychology, 166, 581–603. https://doi.org/10.
1016/j.jecp.2017.10.002

National Governors Association Center for Best Practices, Council of Chief State School Officers. (2010). Common core state

standards (math). Washington DC, Author. http://corestandards.org/

Niklas, F., Cohrssen, C., & Tayler, C. (2016). Parents supporting learning: A non-intensive intervention supporting literacy

and numeracy in the home learning environment. International Journal of Early Years Education, 24(2), 121–142. https://
doi.org/10.1080/09669760.2016.1155147

Niklas, F., & Schneider, W. (2014). Casting the die before the die is cast: The importance of the home numeracy environment for

preschool children. European Journal of Psychology of Education, 29(3), 327–345. https://doi.org/10.1007/s10212-013-0201-6
Purpura, D. J., King, Y. A., Rolan, E., Hornburg, C. B., Schmitt, S. A., Hart, S. A., & Ganley, C. M. (2020). Examining the factor

structure of the home mathematics environment to delineate its role in predicting preschool numeracy, mathematical

language, and spatial skills. Frontiers in Psychology, 11, 1925. https://doi.org/10.3389/fpsyg.2020.01925

12 of 13 EHRMAN ET AL.

 15227219, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/icd.2458, W

iley O
nline L

ibrary on [01/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1371/journal.pone.0168227
https://doi.org/10.5964/jnc.6143
https://doi.org/10.5964/jnc.6143
https://doi.org/10.1016/j.ecresq.2016.02.005
https://doi.org/10.1016/j.ecresq.2016.02.005
https://doi.org/10.1037/a0014532
https://doi.org/10.1016/j.learninstruc.2020.101375
https://doi.org/10.1016/j.jecp.2020.104846
https://doi.org/10.1177/0956797615592630
https://doi.org/10.1177/0956797615592630
https://doi.org/10.1016/j.ecresq.2013.05.004
https://doi.org/10.1016/j.ecresq.2013.05.004
https://www.michigan.gov/-/media/Project/Websites/mde/Literacy/Content-Standards/ECSQ_Pre-K.pdf?rev=0343ae765f9a49668473215e9d3b519d
https://www.michigan.gov/-/media/Project/Websites/mde/Literacy/Content-Standards/ECSQ_Pre-K.pdf?rev=0343ae765f9a49668473215e9d3b519d
https://www.michigan.gov/-/media/Project/Websites/mde/Literacy/Content-Standards/ECSQ_Pre-K.pdf?rev=0343ae765f9a49668473215e9d3b519d
https://doi.org/10.1080/10409289.2015.968243
https://doi.org/10.1080/03004430.2016.1193731
https://doi.org/10.1080/03004430.2016.1193731
https://dese.mo.gov/media/pdf/missouri-early-learning-standards
https://dese.mo.gov/media/pdf/missouri-early-learning-standards
https://doi.org/10.3389/fpsyg.2018.00340
https://doi.org/10.3389/fpsyg.2018.00340
https://doi.org/10.1016/j.jecp.2017.10.002
https://doi.org/10.1016/j.jecp.2017.10.002
http://corestandards.org/
https://doi.org/10.1080/09669760.2016.1155147
https://doi.org/10.1080/09669760.2016.1155147
https://doi.org/10.1007/s10212-013-0201-6
https://doi.org/10.3389/fpsyg.2020.01925


Ramani, G. B., Rowe, M. L., Eason, S. H., & Leech, K. A. (2015). Math talk during informal learning activities in head start fam-

ilies. Cognitive Development, 35, 15–33. https://doi.org/10.1016/j.cogdev.2014.11.002
Rittle-Johnson, B., Fyfe, E. R., & Loehr, A. M. (2016). Improving conceptual and procedural knowledge: The impact of

instructional content within a mathematics lesson. British Journal of Educational Psychology, 86(4), 576–591. https://doi.
org/10.1111/bjep.12124

Sénéchal, M., & LeFevre, J.-A. (2002). Parental involvement in the development of Children's Reading skill: A five-year longi-

tudinal study. Child Development, 73, 445–460. https://doi.org/10.1111/1467-8624.00417
Skwarchuk, S. L. (2009). How do parents support preschoolers’ numeracy learning experiences at home? Early Childhood

Education Journal, 37, 189–197. https://doi.org/10.1007/s10643-009-0340-1
Thompson, R. J., Napoli, A. R., & Purpura, D. J. (2017). Age-related differences in the relation between the home numeracy

environment and numeracy skills: BRIEF REPORT. Infant and Child Development, 26(5), e2019. https://doi.org/10.1002/

icd.2019

Xu, C., LeFevre, J.-A., Simms, V., & Susperreguy, M. I. (2021). Home numeracy surveys.

Zippert, E. L., & Rittle-Johnson, B. (2020). The home math environment: More than numeracy. Early Childhood Research

Quarterly, 50, 4–15. https://doi.org/10.1016/j.ecresq.2018.07.009

How to cite this article: Ehrman, P., Ellis, A., & Purpura, D. J. (2023). Goldilocks and the home mathematics

environment: Parents' rate activities ‘too easy,’ ‘just right,’ or ‘too hard’ across early development. Infant and

Child Development, 32(6), e2458. https://doi.org/10.1002/icd.2458

EHRMAN ET AL. 13 of 13

 15227219, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/icd.2458, W

iley O
nline L

ibrary on [01/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.cogdev.2014.11.002
https://doi.org/10.1111/bjep.12124
https://doi.org/10.1111/bjep.12124
https://doi.org/10.1111/1467-8624.00417
https://doi.org/10.1007/s10643-009-0340-1
https://doi.org/10.1002/icd.2019
https://doi.org/10.1002/icd.2019
https://doi.org/10.1016/j.ecresq.2018.07.009
https://doi.org/10.1002/icd.2458

	Goldilocks and the home mathematics environment: Parents' rate activities ‘too easy,’ ‘just right,’ or ‘too hard’ across early development
	Goldilocks and the home mathematics environment: Parents' rate activities `too easy,´ `just right,´ or `too hard´ across ea...
	1  INTRODUCTION
	2  METHOD
	2.1  Participants
	2.2  Measures
	2.2.1  Demographic survey
	2.2.2  Home mathematical environment survey
	2.2.3  Perceived appropriateness of skills

	2.3  Analytic approach

	3  RESULTS
	3.1  Parent belief in the alignment of activities with child's ability
	3.1.1  Numeracy activities
	3.1.2  Spatial, patterning, and geometry activities
	3.1.3  Measurement


	4  DISCUSSION
	4.1  Limitations
	4.2  Future directions

	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	FUNDING INFORMATION
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	REFERENCES


