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a b s t r a c t
Several studies suggest that parents’ use of number words while
talking with their children is positively related to children’s understanding of certain mathematical concepts. In this study, we
extended these findings and further examined several parent characteristics that could be related to individual differences in their
number talk, including their subjective ratings of their math skills,
preference for using math, beliefs about the importance of their
children’s math skills, and numerical approximation abilities, an
early number skill present in children and adults. A sample of 44
5- and 6-year-old children and their parents completed a variety
of laboratory-based tasks, including a 10-min free play session to
assess number talk, a standardized math assessment for children,
a nonsymbolic numerical comparison task for parents, and several
questionnaires for parents. Parents’ overall number talk was not
related to children’s performance on the math assessment; however, parents’ use of numbers larger than 10 was positively and significantly related to children’s math abilities even when controlling
for parents’ overall talk. Parents’ large number talk was also associated with their numerical approximation abilities and subjective
math ability, suggesting that math-specific characteristics of parents themselves can explain some of the individual variability in
parents’ use of number words, especially those larger than 10.
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Introduction
Remarkable individual differences in children’s early math abilities are present even before children
begin formal schooling. Although most preschoolers are able to count to 10, some children can count to
over 100, whereas others struggle to count beyond 3 or 4 (Aubrey, 1997; Sarama & Clements, 2009). In
addition, approximately 5% of children starting kindergarten can solve problems involving numbers,
whereas another 15% do not understand relative quantities (Bassok & Latham, 2014; Zill & West,
2001). These early individual differences in math ability predict the level of math achievement in elementary and middle school as well as the rate of growth across these years (Bodovski & Farkas, 2007;
Denton & West, 2002; Jordan, Kaplan, Locuniak, & Ramineni, 2007; Jordan, Kaplan, Ramineni, &
Locuniak, 2009). Compared with reading abilities, attention, and socioemotional competence, children’s math abilities at the start of school are among the strongest predictors of later reading and math
achievement (Duncan et al., 2007). Thus, it seems that early math abilities are important for children’s
later learning, yet all children do not enter school with the same competencies.
Abundant research has addressed factors that can promote these crucial early skills. Children’s general cognitive abilities, including visual–spatial skills, working memory, and inhibitory control, as well
as their math-specific cognitive skills, such as estimation abilities, appear to be relatively important
for developing early numeracy skills (Assel, Landry, Swank, Smith, & Steelman, 2003; Bull & Scerif,
2001; Espy et al., 2004; Keller & Libertus, 2015; Libertus, Feigenson, & Halberda, 2011; Libertus,
Feigenson, & Halberda, 2013; Mazzocco, Feigenson, & Halberda, 2011; Raghubar, Barnes, & Hecht,
2010). In addition to these individual characteristics, numerous contextual processes in the home
and school are related to children’s early math skills, including but not limited to exposure to highquality child care, time spent on mathematics in the classroom, parent socialization practices, and participation in math activities in the home (Bodovski & Farkas, 2007; Dearing, McCartney, & Taylor,
2013; LeFevre et al., 2009; Melhuish et al., 2008; Simpkins, Davis-Kean, & Eccles, 2005). In this study,
we focused on one specific aspect of parenting, namely parents’ discussion of numbers during informal play with their children, as a predictor of children’s early math abilities.
Number talk and children’s early math abilities
Previous research has revealed that the quantity and quality of number-related input (referred to
as ‘‘number talk” hereafter) provided to young children positively relates to their growth in math
knowledge (Boonen, Kolkman, & Kroesbergen, 2011; Gunderson & Levine, 2011; Klibanoff, Levine,
Huttenlocher, Vasilyeva, & Hedges, 2006; Levine, Suriyakham, Rowe, Huttenlocher, & Gunderson,
2010). Parents vary significantly in their amount of number talk, and this individual variability is
related to children’s number knowledge. Specifically, Levine and colleagues (2010) found wide variation in the frequency of number talk heard by 14- to 30-month-olds during everyday activities in the
home, ranging from less than 30 to nearly 1800 number words a week. Importantly, they showed that
the amount of parental number talk was positively correlated with children’s understanding of the
cardinal meaning of number words at age 46 months. These associations persisted when accounting
for children’s number talk, suggesting that the relation between parents’ number talk and children’s
math skills is not attributable to children with stronger math skills eliciting more number talk from
their parents. In a more detailed follow-up analysis of the data, Gunderson and Levine (2011) showed
that parent number talk involving quantities larger than 3 predicted children’s cardinal meaning
knowledge of both small (<4) and large (4) numbers. These relations held even when controlling
for socioeconomic status (SES) and did not extend to children’s receptive vocabulary. Thus, there is
reason to believe that parents’ number talk is related to children’s math abilities, although previous
work has been limited to a single mathematical principle (i.e., cardinality) during early childhood.
Sources of individual differences in parent number talk
As reviewed above, evidence suggests that parent number talk is positively and significantly
related to young children’s math abilities. However, it remains unknown why some parents talk more
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about numbers with their children than do others. Several characteristics of parents could theoretically explain some of this variability. Specifically, the current study investigated whether differences
in parent number talk are related to parents’ beliefs about their own math skills, their beliefs about
their children’s math skills, or their number-specific competence, that is, the acuity of their approximate number system (ANS).
One potential factor that could predict parents’ number talk in the home is their own math ability,
including their beliefs about their abilities and the importance of math more broadly. Although parents’ educational attainment appears to foster home learning activities that support children’s early
math skills (e.g., Zadeh, Farnia, & Ungerleider, 2010), less is known about how parents’ math abilities
may be related to their behaviors to support children’s math or, specifically, their use of number
words. Some evidence suggests that parents’ beliefs about math, such as their own skill level (i.e., their
subjective ratings of their ability) and the importance of math (i.e., their preference for math), predict
their reports of math activities in the home (Missall, Hojnoski, Caskie, & Repasky, 2014). In addition,
parents’ participation in math and science activities independently (i.e., without their children)
appears to be related to participation in math and science activities with their children (Simpkins
et al., 2005), suggesting that parents who are more comfortable with math and use math more frequently engage in more math-related activities with their children. As such, in the current study,
we directly addressed whether parents’ subjective math ability and preference for math predict number talk with their children.
Parents who value the importance of early math skills for their children may also be more likely to
use numbers when playing with their children. Given the limited information that is often provided to
parents of children entering kindergarten (Piotrkowski, Botsko, & Matthews, 2000), significant variability exists in parents’ beliefs about what skills children need when starting kindergarten. Although
no research to date has addressed how parents’ beliefs about early math learning are related to their
number talk in particular, these beliefs do appear to be related to parents’ practices more broadly. Parents who valued the importance of their children learning math at a young age were more likely to
report engaging in math-related activities with their children in the home (Sonnenschein et al.,
2012). In addition, DeFlorio and Beliakoff (2014) found that parents’ beliefs about the mathematical
knowledge of 5-year-olds and the accuracy of those beliefs predicted children’s mathematical ability
over and above children’s age and SES (but see LeFevre et al., 2009). Thus, parents’ beliefs about early
math skills may also be related to their number talk.
Finally, parents’ numerical estimation abilities may also predict their use of number talk with their
children. Growing evidence suggests that basic numerical processing abilities are an important contributing factor to mathematical ability. Numerical information can be represented in an approximate
format using a basic system that is shared with animals and preverbal infants. These representations
are thought to rely on the ANS, which allows for quick estimations and comparisons of approximate
quantities (Dehaene, 1997). It is well established that performance on number comparison tasks that
require approximations of quantities obeys Weber’s law—that is, performance depends on the ratio
between the numbers to be compared—and that people differ in their number comparison abilities
(Dehaene, 1992; Halberda, Ly, Wilmer, Naiman, & Germine, 2012; Moyer & Landauer, 1967). Importantly, these individual differences in approximation skills are related to mathematical abilities; the
more precisely children and adults are at making rapid approximate numerical comparisons, the better they tend to perform on standardized math tests (for reviews, see Chen & Li, 2014; Fazio, Bailey,
Thompson, & Siegler, 2014; Feigenson, Libertus, & Halberda, 2013). In addition to parents’ math abilities, parents’ ANS acuity may also be related to their number talk with their children. In a previous
study, it was shown that parents’ ANS acuity predicted a specific aspect of children’s math ability,
namely children’s ability to solve applied math problems (Braham & Libertus, 2016). One possible
explanation is that parents with greater ANS acuity may create different home learning environments
and more opportunities to learn about math in everyday contexts that in turn shape differences in
children’s abilities to solve applied math problems. Here, we explored this possibility as well as other
potential characteristics of parents that may be related to the amount of number talk used with their
children.
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The current study
Past research suggests that parents’ discussion of numbers predicts young children’s math skills. In
this study, our first goal was to replicate these findings among a sample of kindergarteners and to
examine whether number talk is important for children’s math abilities more broadly. The second goal
of this study was to examine parental characteristics that could explain individual variability in parent
number talk. Specifically, we were interested in whether parents’ subjective ratings of their math abilities, preference for math, beliefs about the importance of their children developing certain math
skills, or ANS acuity could predict their use of number words when interacting with their children.
Method
Participants
A sample of 54 children (23 girls) and their parents (44 mothers and 8 fathers) participated in this
study. Due to the low number of fathers, a direct comparison between mothers and fathers could not
be made. Because research suggests that mothers and fathers may interact differently with their children (e.g., Laflamme, Pomerleau, & Malcuit, 2002; Lindsey, Cremeens, & Caldera, 2010), we focused
exclusively on mother–child dyads (N = 46; 20 girls).1 Children and parents were recruited from a
medium-sized U.S. city through a university participant registry, flyers in local libraries, playgrounds,
museums, and the like as well as through advertising at family-friendly events in the community.
Informed written consent was obtained from all parents prior to the study.
Children were 5 or 6 years of age (M = 5 years 9.55 months, SD = 7.57 months) and were primarily
White (89%). Mothers were between 26 and 45 years of age (M = 36.40 years, SD = 4.89). On average,
mothers were highly educated, with most mothers (89%) having at least a bachelor’s degree. Most
mothers (73%) reported that their children were exposed to only English in the home. Spanish was
the most common second language and was reported by 19% of parents. In bilingual households, all
children were exposed to English at least 70% of the time aside from one child who was exposed to
Hindi 80% of the time and English the remaining 20% of the time. In terms of birth order and sibling
status, 18% of children were only children, 48% had one sibling (20% of children in the sample were the
oldest of the two children), 18% had two siblings (11% were the oldest of the three children and 5%
were the second born), and 16% had three or more siblings (7% were the first born of four or more children and 5% were the second born).
Procedure
Children and their parents came to the laboratory for a single session lasting approximately 1 h to
complete all tasks. After informed consent was obtained, parent–child dyads played freely with several age-appropriate toys alone in a quiet room for approximately 10 min. Following this play session,
children completed the Test of Early Mathematics Ability (TEMA-3; Ginsburg & Baroody, 2003) while
parents completed a nonsymbolic number comparison task as well as several questionnaires about
their views toward math. Children received a small prize (stuffed animal, lunch box, or book) to thank
them for their participation, and parents received $8.
Measures
Parents’ number talk
Parents were instructed to play with their children as they normally would at home and were provided with a set of toys, including a picture book, a book about emotions and a set of accompanying
1
This sample included two sets of siblings (two children each). The two parents both completed a free play session with each
child separately and so are included in our analyses. When one child from each pair was excluded (all possible combinations of
which were tested), patterns of significance did not differ from what is presented here.
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egg faces displaying the different emotions mentioned in the story, play food and dishes, paper and
colored pencils, animal puppets, a balancing game, a set of toy vehicles, and a cash register with pretend money. Parents and children were left alone in a small room to play for approximately 10 min. All
interactions were video-recorded with a webcam connected to a computer that was hidden behind a
curtain.
All videos were later coded by trained research assistants using ELAN Linguistic Annotator Version
4.8.0 (http://tla.mpi.nl/tools/tla-tools/elan/; Wittenburg, Brugman, Russel, Klassmann, & Sloetjes,
2006). For the purposes of this study and in accordance with previous work (Levine et al., 2010),
we coded parents’ number word use. We excluded utterances such as ‘‘I want to play with this one”
from our analyses because the word ‘‘one” was not used in the numeric sense. Children’s number word
use was coded in the same manner.
Three research assistants coded all videos included in this sample for number talk. Five videos
were triple-coded by all three coders with extremely high reliability of the overall count of number
words used by parents and children among coders (adjusted interclass correlation coefficients = .996
and .979, respectively). For videos that were triple-coded, the average count was used across the
coders.
Finally, the total numbers of words spoken by both parents and children were calculated to derive
the proportion of words that were number words used by parents and children. All videos were transcribed by one of nine trained research assistants. Each transcription was verified by a second research
assistant and then analyzed to determine the total amount of all words spoken by the parents and
children. We then calculated the proportion of words that were number words by dividing the amount
of number words by the total amount of words used by parents and children. We also calculated proportion scores for small (1–5), medium (6–10), and large (>10) numbers separately. Proportion scores
were used in all analyses rather than raw counts of number words to adjust for differences in overall
talk, but findings are consistent when analyzing the frequency of number talk as well.
Parents’ ANS acuity
To assess acuity of the ANS, parents completed a nonsymbolic number comparison task similar to
that used by Halberda, Mazzocco, and Feigenson (2008). Parents were shown sets of yellow and blue
dots and, for each display, were asked to report which color was more numerous. In each image, yellow dots appeared on the left half of the screen and blue dots appeared on the right half of the screen.
Orthogonally, in half of the trials the yellow dots were more numerous, and in the other half the blue
dots were more numerous. In one third of all trials, the average dot size was held constant between
the two colors, such that the more numerous dots also had more overall surface area (i.e., numerosity
and surface area were correlated). Alternatively, in an additional third of all trials, the total surface
area was held constant across the blue and yellow dots. In the final third of trials, the total perimeter
was held constant; that is, the dots on the more numerous side of the display took up less overall surface area than the dots on the less numerous side (i.e., numerosity and surface area were anticorrelated). These perceptual controls were included to ensure that parents relied on numerosity
rather than other visual cues during this task (Halberda et al., 2008). For all trials, dot size was on average 36 pixels in diameter and varied within sets (allowed variation = 20%). Stimuli were displayed for
1500 ms on a 23-inch computer monitor, followed by a blank screen until parents responded. The
number of dots in each set ranged from 12 to 36.
Researchers introduced the task to parents and instructed them to respond as quickly and accurately as possible for each trial by pressing one of two keys on a keyboard labeled with yellow and blue
stickers. Parents completed 4 practice trials with preselected stimuli presented in a random order, followed by 150 test trials, including 30 trials for each of the following ratios between the lower and
higher number of dots in a random order: 3:4 (e.g., 24 and 32 dots), 4:5 (e.g., 24 and 30 dots), 5:6
(e.g., 25 and 30 dots), 7:8 (e.g., 21 and 24 dots), and 9:10 (e.g., 27 and 30 dots). Performance on the
nonsymbolic number comparison task was quantified as the percentage of correct responses across
all trials given evidence that accuracy is the most reliable indicator of performance on these tasks
(Inglis & Gilmore, 2014).
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Parents’ subjective math ability and math preference
Parents also completed a self-report measure of numerical aptitude and preference for numerical
information, the Subjective Numeracy Scale (Fagerlin et al., 2007). On this measure, parents used a 6point scale to rate their numerical ability in various contexts (e.g., ‘‘How good are you at figuring out
how much a shirt will cost if it is 25% off?”) and their preference for the presentation of numerical
information (e.g., ‘‘When reading the newspaper, how helpful do you find tables and graphs that
are parts of a story?”). Four items addressing parents’ ratings of their math abilities were averaged
to create a subjective ability composite (a = .96), and three items representing parents’ ratings of their
preference for using numbers were averaged to create a subjective preference composite (a = .68). The
subjective preference scale initially included one item that did not correlate with responses on other
items (a = .26 with this item included) that was excluded in this composite. Both subjective ability and
subjective preference subscales, as well as overall scores on the Subjective Numeracy Scale, were previously found to correlate highly with objective measures of numeracy (Fagerlin et al., 2007; Lipkus,
Samsa, & Rimer, 2001).
Parents’ early math beliefs
To measure parents’ academic expectations for their children, parents completed the mathematics
portion of the academic benchmarks section of the home numeracy questionnaire used by LeFevre and
colleagues (2009). The measure asked parents to rate how important they believed it was for their
children to reach each of four math-related benchmarks prior to entering kindergarten (e.g., ‘‘Count
to 10”) on a 5-point scale. The ratings were averaged to derive a total score (a = .72).
Children’s math ability
We administered Form A of the TEMA-3 (Ginsburg & Baroody, 2003). The TEMA-3 measures numbering skills (e.g., verbally counting the number of objects on a page), number comparison facility (e.g.,
determining which of two spoken number words is larger), numeral literacy (e.g., reading Arabic
numerals), mastery of number facts (e.g., retrieving multiplication facts), calculation skills (e.g., solving mental and written arithmetic problems), and number concepts (e.g., answering how many tens
are in one hundred). The TEMA-3 has been normed for children between the ages of 3 years 0 months
and 8 years 11 months. Children’s raw scores on the TEMA-3 were converted to standardized math
ability scores.
Results
Data analyses and descriptive statistics
One parent failed to complete the nonsymbolic number comparison task, and one additional dyad
did not have valid data from the free play session, resulting in a final sample of 44 parent–child pairs.
Descriptive statistics for all variables used in this study are shown in Table 1. The total number of
words used by parents and children were not related, r(42) = .19, p = .21. As can be seen in Table 2,
however, parent number talk and child number talk, measured as the proportion of talk that included
number words, were significantly correlated.
Relations between parents’ number talk and children’s math abilities
To assess whether parents’ number talk was correlated with children’s math abilities, we first correlated the proportion of parent words that were number words with children’s standard scores on the
TEMA-3. As can be seen in Table 2, this correlation between parents’ overall number talk and children’s math ability was not significant. We then further probed these relations by examining parents’
number talk separately for small, medium, and large numbers. Although children’s math abilities were
not significantly related to parents’ number talk in the small and medium number range at the bivariate level, a positive association emerged between parents’ use of numbers larger than 10 and children’s math abilities (see Fig. 1).
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Table 1
Descriptive statistics for parent and child number talk, parent cognitive factors, and child math ability
(N = 44).
Variable

M (SD)

Parent number talk
Numbers 1 to 5
Numbers 6 to 10
Numbers larger than 10
Parent total talk
Parent number talk/parent total talk
Numbers 1 to 5
Numbers 6 to 10
Numbers larger than 10
Child number talk
Numbers 1 to 5
Numbers 6 to 10
Numbers larger than 10
Child total talk
Child number talk/child total talk
Numbers 1 to 5
Numbers 6 to 10
Numbers larger than 10
Parent ANS acuity (% correct)
Parent subjective math ability (6-point scale)
Parent subjective math preference (6-point scale)
Parent early math beliefs (5-point scale)
Child math ability (standardized score)

13.89 (15.19)
7.34 (8.37)
3.53 (5.62)
3.02 (4.01)
746.64 (233.53)
0.02 (0.02)
0.01 (0.01)
0.004 (0.01)
0.004 (0.004)
12.89 (11.05)
7.51 (7.35)
2.90 (4.13)
2.48 (3.86)
393.68 (121.11)
0.03 (0.03)
0.02 (0.02)
0.01 (0.01)
0.01 (0.01)
80.48 (6.20)
4.32 (1.33)
4.53 (0.88)
3.06 (0.67)
111.89 (16.57)

Table 2
Correlations between proportions of words that were number words, including overall number talk and ranges of numbers, for
both parents and children, parents’ cognitive factors, and children’s math ability.

1. Parent overall number talk
2. Parent number talk (1–5)
3. Parent number talk (6–10)
4. Parent number talk (11+)
5. Child overall number talk
6. Child number talk (1–5)
7. Child number talk (6–10)
8. Child number talk (11+)
9. Parent ANS acuity
10. Parent subjective ability
11. Parent subjective
preference
12. Parent early math beliefs
13. Child math ability

1

2

3

4

5

6

7

8

9

10

11

–
.90***
.76***
.71***
.60***
.47**
.36*
.39**
.32*
.18
.29y

–
.48**
.52***
.49**
.55***
.12
.25
.18
.11
.24

–
.36*
.48**
.17
.63***
.28
.37*
.11
.28y

–
.45**
.35*
.18
.53***
.30y
.27y
.14

–
.78***
.63***
.64***
.44**
.06
.12

–
.16
.22
.28y
.13
.06

–
.29y
.30y
.03
.12

–
.36*
.08
.08

–
.11
.21

–
.51***

–

.02
.16

.06
.13

.10
.04

.06
.39**

.15
.22

.06
.22

.24
.03

.02
.25y

.13
.23

.18
.01

.09
.15

12

–
.31*

Note. df = 42. ANS, approximate number system.
y
p < .10.
*
p < .05.
**
p < .01.
***
p < .001.

To examine whether use of large number words was uniquely related to children’s math abilities,
math ability was also regressed on the proportion scores for each number range (i.e., how many of the
parents’ words were small, medium, and large numbers out of the total number of words used; see
Table 3). This model was significant overall, F(3, 40) = 3.15, p = .04, and revealed that only the proportion of words that were numbers larger than 10 uniquely predicted children’s math skills. These
results persisted when accounting for children’s number talk as well, although the overall model
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Mothers’ number talk: Numbers larger than 10
Fig. 1. Scatterplot of the association between proportion of parent talk that contained number words larger than 10 and
children’s standardized math scores (r = .39, p = .01).

Table 3
Standardized regression results of children’s math ability scores on the TEMA-3 regressed on the
proportions of parents’ and children’s words that were small number words (numbers 1–5), medium
number words (numbers 6–10), and large number words (numbers >10).

Parent number talk
Numbers 1 to 5
Numbers 6 to 10
Numbers larger than 10
Child number talk
Numbers 1 to 5
Numbers 6 to 10
Numbers larger than 10

b (SE)

b (SE)

0.03 (0.18)
0.20 (0.16)
0.48** (0.17)

0.12 (0.22)
0.16 (0.23)
0.42* (0.20)
0.15 (0.18)
0.04 (0.21)
0.08 (0.18)

Note. R2 = .19 in middle column; R2 = .21 in right column. TEMA-3, Test of Early Mathematics
Ability.
*
p < .05.
**
p < .01.

was no longer significant, F(6, 37) = 1.65, p = .16, suggesting that associations were not attributable to
children’s elicitations of number talk from their parents. For the remaining analyses, we focused primarily on parents’ large number word use given this unique relation with children’s math scores.
Given the large number of parents who never used large number words, large number use was
highly right-skewed (skewness = 1.31). To account for this non-normal distribution, we also treated
large number use as a categorical variable in an analysis of variance (ANOVA), thereby avoiding distributional assumptions about large number talk. Large number word use was coded into five categories: whether large number words were never used (n = 15), were less than 0.2% of all words
(50th percentile, n = 7), were less than 0.5% of all words (75th percentile, n = 8), were less than 0.9%
of all words (90th percentile, n = 9), or were more than 0.9% of all words (n = 5). We then conducted
a one-way ANOVA with children’s TEMA-3 scores as the dependent variable and large number category as a between-participants factor and found significant differences in math ability across groups,
F(4, 39) = 2.82, p = .04. In addition, a linear contrast test showed that math ability increased as the
binned proportion of large number word use increased, F(1, 39) = 3.06, p = .004.
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To assess which parental characteristics were unique predictors of parents’ number talk during free
play, large number talk was then regressed on parents’ ANS acuity, subjective ability and preference
ratings, and early math beliefs. Two data points were identified as having a residual above 2.5 standard deviations from the mean and, thus, were excluded from these analyses. This model was significant overall, F(4, 37) = 3.06, p = .03 (see Table 4). Both ANS acuity and subjective ability ratings were
significant predictors of parents’ use of number words larger than 10. However, parents’ subjective
preference ratings and early math beliefs were unrelated to parents’ use of numbers larger than 10.
Thus, parents’ ANS acuity and subjective ratings of their math ability appear to be unique predictors
of large number talk.
Finally, given the non-normal distribution of parents’ large number talk, a zero-inflated Poisson
regression model with the same predictors as shown in Table 4 was then estimated.2 These models
simultaneously predict a logistic regression model to estimate whether or not any number talk was present and a Poisson regression model to estimate the amount of number talk among dyads in which larger
number talk was seen. This model was significant overall, Wald v2(4) = 17.64, p = .001, and revealed a
similar pattern of results to the ordinary least squares regression model (Table 5). Parents’ ANS accuracy
and subjective math ability were each uniquely related to the amount of large number talk if it occurred;
interestingly, these characteristics did not predict whether or not large number talk occurred.
Discussion
This study investigated how parents’ number talk with their children during a 10-min free play session was related to children’s math abilities and, furthermore, examined several possible predictors of
parents’ number talk. We found that parents’ overall number talk was not significantly related to their
children’s math abilities, but use of numbers larger than 10 was correlated with children’s math
scores. In addition, we found that parents’ ANS acuity and their subjective ratings of their own math
ability were uniquely related to their number talk. These findings suggest that parents’ number talk
relates to children’s early math skills and that the significant variability observed in how much parents
talk about numbers with their children is meaningfully related to characteristics of parents
themselves.
Associations between parent number talk and children’s math ability
The first aim of this study was to replicate and extend past research addressing relations between
parents’ number talk with their children and children’s math learning. Our original hypothesis that the
proportion of parents’ talk during free play that contained numbers would be correlated with math
scores was not supported, but further probing revealed that a specific form of number talk, namely
the proportion of words that were numbers larger than 10, was related to children’s math abilities.
Importantly, these associations were seen when controlling for the total number of words spoken
by parents, suggesting that the link between parents’ large number talk and children’s math abilities
cannot be attributed to more general aspects of parents’ language with their children. Although the
findings regarding large number talk were unexpected, it is not particularly surprising given the skills
that are typically developing at this age. As reviewed above, most children are able to count to 10 and
recognize these numbers by the time they begin preschool or kindergarten (Aubrey, 1997; Sarama &
Clements, 2009; Zill & West, 2001). It is possible that further exposure to these concepts that children
have already mastered (i.e., numbers 10) might not offer any benefit to children. Thus, this correlational evidence suggests that 5- and 6-year-olds’ math achievement may be most related to input that
aims at the next step in their developmental progression of mathematical understanding (i.e., an
understanding of numbers >10). This would suggest that the use of small and medium number words
could be related to children’s math skills at early stages of development, a claim that future research
should address.
2
Zero-inflated Poisson models are suitable for variables with a large number of values of zero, such as larger number talk, where
15 parents used no large number words.
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Table 4
Standardized regression results of the proportion of parents’ words used during free play
that were number words larger than 10 regressed on parents’ ANS acuity, ratings of their
subjective math ability and preference for math, and benchmarks for children’s math skills.
b (SE)
Parent
Parent
Parent
Parent

ANS acuity
subjective ability
subjective preference
early math beliefs

0.36* (0.15)
0.39* (0.17)
0.11 (0.17)
0.02 (0.15)

Note. R2 = .29. ANS, approximate number system.
*
p < .05.

Table 5
Zero-inflated Poisson regression results of the proportion of parents’ words used during free play that were number words larger
than 10 regressed on parents’ ANS acuity, ratings of their subjective math ability and preference for math, and benchmarks for
children’s math skills with robust standard errors.

Parent ANS acuity
Parent subjective ability
Parent subjective preference
Parent early math beliefs
Constant

Logistic regression estimates
B (SE)

Poisson regression estimates
B (SE)

0.16 (3.35)
0.02 (0.22)
0.001(0.21)
0.01 (0.31)
28.74*** (3.00)

6.42* (2.56)
0.41** (0.14)
0.15 (0.21)
0.01 (0.30)
12.17*** (2.03)

Note. ANS, approximate number system.
*
p < .05.
**
p < .01.
***
p < .001.

The interpretation that children benefit most from input that aims at the next step in their developmental progression is consistent with sociocultural constructivist frameworks based in the work of
Vygotsky that argue that development is interactive and contextualized, such that learning is most
prolific when children interact with more competent individuals at a level above where they could
perform individually (e.g., Jaramillo, 1996; John-Steiner & Mahn, 1996). Specifically in the area of
math learning, these theories posit that children are active participants in their learning (Cobb,
1994), and so the skills that children bring to the interactions are crucially important. Although the
concept of tailoring instruction to children’s existing abilities is well integrated into research in the
classroom (e.g., Grigorenko & Sternberg, 1998; Lee & Ginsburg, 2007; Seo & Ginsburg, 2003; Steele,
1999), the current study highlights the importance of these principles in the home as well. Given
the importance of adjusting language input based on children’s current skill level, these findings also
imply that parents must have an accurate understanding of children’s abilities.
Although past research has addressed how parents’ number talk associates with the acquisition of
specific skills, such as the cardinality principle (Gunderson & Levine, 2011; Levine et al., 2010), this
study is the first to address how parents’ number talk may relate to children’s mathematical understanding more broadly. Thus, these findings extend the extant literature and establish that parents’
number talk is associated with a range of mathematical constructs aside from simply learning the
meaning of these number words. In addition, by analyzing the proportion of parents’ words that were
number words, these analyses account for overall language use, suggesting that number talk in particular drives associations with math skills. Although parental language input is clearly important
for children’s learning more generally (e.g., Cristofaro & Tamis-LeMonda, 2012; Huttenlocher,
Haight, Bryk, Seltzer, & Lyons, 1991; Pancsofar & Vernon-Feagans, 2006), the current study establishes
a unique link between parents’ number talk and children’s math skills. Furthermore, by controlling for
children’s number talk, these results suggest that observed associations between parents’ number talk
and children’s math skills are unlikely to be explained by children’s elicitations of number talk.
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Despite the significance of these findings, several questions remain unanswered and should be
addressed in future research. Due to the correlational and cross-sectional nature of this study, it is
impossible to determine whether any causal link exists between parents’ language input and children’s math abilities. Parents may simply discuss large numbers more frequently with children who
have a greater understanding of these numbers and avoid discussing these concepts with children
who have not yet mastered them. Thus, more research using longitudinal and experimental designs
is necessary to establish whether parents’ use of large numbers improves children’s math abilities
at this age.

Predictors of parents’ number talk
In addition to understanding links between parents’ number talk and children’s math abilities, in
this study we were also interested in identifying parent characteristics that could explain variability
in their large number talk. Parents’ ANS acuity and subjective ratings of their own math abilities—but
not their preferences for math or beliefs about the importance of their children’s early math skills—
were unique predictors of large number talk. When parents talked about large numbers, those with
greater ANS acuity and greater self-reported math abilities tended to use more large number words.
Past research on the ANS has focused primarily on associations between acuity of the ANS and
math abilities. ANS acuity appears to be a small but significant predictor of math skills (Chen & Li,
2014; Fazio et al., 2014; Feigenson et al., 2013). Although much of this work has been done with children (e.g., Bonny & Lourenco, 2013; Libertus et al., 2011; Libertus et al., 2013; Mazzocco et al., 2011;
van Marle, Chu, Li, & Geary, 2014), there is also evidence to suggest that acuity of the ANS is linked
with adults’ math abilities (e.g., DeWind & Brannon, 2012; Guillaume, Nys, Mussolin, & Content,
2013; Halberda et al., 2012; Libertus, Odic, & Halberda, 2012; Lourenco, Bonny, Fernandez, & Rao,
2012; Park & Brannon, 2013). However, aside from some work linking ANS acuity to adults’ educational experiences (e.g., Lindskog, Winman, & Juslin, 2014; Piazza, Pica, Izard, Spelke, & Dehaene,
2013), no research to date has addressed how the ANS maybe be related to adults’ functioning more
broadly. In particular, this study is the first to examine how the ANS may relate to parenting behaviors.
Although more work is needed to replicate these findings, the observed associations between acuity of
the ANS and parents’ number talk suggest that there are important individual differences in parents
that are related to their number talk.
Despite the significance of these findings, more work is needed to understand the mechanisms
through which the ANS relates to parents’ number talk. One potential explanation is parents’ ease
and comfort with math, given that parents who have more accurate ANS representations may be more
comfortable using math, which could explain why these parents talk more about mathematical concepts with their children. Alternatively, associations between ANS acuity and number talk could operate through parents’ preference for using numbers. This explanation is purely speculative, but it stands
to reason that parents with more accurate ANS representations may be more prone to labeling sets of
objects with a number as opposed to a quantifier (e.g., ‘‘few,” ‘‘a lot”), which would result in more
number words used in play. Although both mediational pathways seem to be feasible, associations
between the ANS and number talk persisted when accounting for parents’ subjective math abilities
and preferences for math, casting some doubt on these possible explanations. Future studies should
use objective and more detailed measures of parents’ math abilities and preferences to follow up
on these findings.
Another alternative explanation for the associations observed between parent ANS and number
talk could lie in children’s math abilities. Parents’ number talk may be driven by children’s math abilities. If this is the case, passive gene–environment interactions may be at play given that the link
between parents’ ANS and their number talk could be due to the fact that parents with more accurate
ANS representations may have children with stronger math skills who elicit more number talk from
their parents. Although in this study we found that parents’ number talk was uniquely related to math
skills after accounting for children’s own use of number words, children may elicit parental math talk
in other ways that we could not observe in this study. Finally, it is also possible that parents’ ANS acuity in this study served as a proxy for children’s ANS acuity (see Braham & Libertus, 2016), such that
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children with more precise ANS representations are exposed to more math talk and have stronger
math abilities.
Interestingly, both ANS acuity and subjective math abilities appeared to be particularly predictive
of the amount of number talk that occurred during free play rather than whether or not number talk
occurred at all, as indicated by our zero-inflated Poisson regression model accounting for the nonnormality of parental number talk. This effect was unexpected but could be attributable to differences
in the toys with which parents and children played. For example, parents who engaged with toys that
were less conducive to mathematical discussions may have used fewer large number words regardless
of their ANS acuity and subjective math abilities. For parents who could discuss math concepts in a
way that was more organic and relevant to the activities in which they were engaged, however, these
cognitive components may have played a role in the extent to which number talk occurred. This
hypothesis should be tested in future work, but these findings nonetheless further support the claim
that acuity of the ANS and parents’ subjective abilities are related to number talk.
Several parental characteristics studied were unrelated to parents’ large number talk. Parents’ preference for math and their beliefs about the importance of math for their children were unrelated to
large number talk in both correlational and regression analyses. These results are somewhat surprising given previous research suggesting that both parents’ preference for math and beliefs about early
math are related to the amount of math-related activities in the home (Missall et al., 2014;
Sonnenschein et al., 2012). Although parents’ number talk and math activities in the home are presumably similar in the sense that they should promote children’s math learning (e.g., Gunderson &
Levine, 2011; LeFevre et al., 2009; Levine et al., 2010; Skwarchuk, 2009), these processes may look
very different for parents. In addition to varying methods of measurement (i.e., observational vs.
self-report), these practices may also differ in the degree to which parents are aware of their behavior.
Engaging in math-related home activities such as board games that involve counting or playing store
may be more of a conscious decision than using number words when speaking to children, and so
beliefs about math might not be as strongly related to these less intentional practices. Alternatively,
parents in this sample might simply have not varied sufficiently in their beliefs or preferences (see
Table 1), which could mask potential associations. This is likely, especially given the overall high level
of educational attainment of the parents enrolled in this study. Finally, it is possible that parental
beliefs might come into play only in later developmental stages or in discussions of more complex
mathematical concepts. Parents who are uncomfortable with math or do not consider math to be
important may withdraw from more complicated math discussions with their children (e.g., when
helping children with homework; see Maloney, Ramirez, Gunderson, Levine, & Beilock, 2015;
Skwarchuk, Sowinski, & LeFevre, 2014), but these parents may nonetheless discuss simple concepts
such as numbers and counting with their children. However, more research is needed to test these
claims.
Finally, although parents’ ANS acuity predicted the use of large number words in play and large
number use was correlated with children’s math abilities, in this sample we did not observe a significant association between parents’ ANS acuity and children’s math achievement directly. Given that
the correlation between parent ANS acuity and child math ability was positive yet nonsignificant, it
is possible that this association and larger mediational pathway could be detected in a larger sample
with increased power to detect these potentially smaller effects. As such, more work is needed to
determine whether there is in fact an association between parents’ ANS representations and children’s
math achievement potentially explained by parent number talk. This research could also help to determine whether links between ANS acuity and number talk persist when holding children’s math skills
constant.
Limitations and conclusions
Despite the significance of these findings, several limitations warrant our discussion. First, children
and parents who participated in this study were primarily White and highly educated. In this study,
we did not address the larger sociocultural context in which these families were embedded. Specifically in terms of parents’ beliefs about math, most research has been conducted with fairly advantaged
U.S. samples, and so the broader cultural and contextual factors that should also be related to parents’
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behaviors have not been directly addressed (Super & Harkness, 1986). As such, it is unknown how
these processes would play out in more diverse sociocultural contexts, although some evidence suggests that parents’ beliefs are informed by the larger social context (e.g., Piotrkowski et al., 2000). Similarly, given the low number of fathers who participated in this study, we focused exclusively on
mothers and their children. However, future work is needed to determine whether similar processes
are at play in father–child interactions around math. In this study we also did not examine the interactional exchanges in which number words occurred, including the nature of the interaction, the
activity in which the dyads were engaged, or the way in which numbers were used (e.g., counting, cardinal numbers).
We observed parents’ number talk in a laboratory setting while video-recording their interactions,
and estimates of number talk may have been somewhat biased. The fact that variability in number talk
in the current study paralleled variability previously reported during in-home observations (Levine
et al., 2010) somewhat ameliorates this concern. Nevertheless, naturalistic observations of parents’
number use at home in conjunction with in-lab assessments should be used in future work to address
whether parents’ number talk differs by context. Future studies should also aim to use longitudinal
and experimental designs to strengthen any potential directional or causal interpretations of these
findings.
It is also important to note that, although we see evidence of an association between parents’ large
number talk and children’s math skills in this sample, numerous other contexts could play a role in
children’s math skills. In fact, all parental talk variables accounted for only 20% of the variance in children’s math abilities. Of particular concern is the child-care environment. Data regarding children’s
child-care arrangements were not collected in this study, but given the relatively high SES of these
children, it is likely that many children spent significant time in formal child-care arrangements
(Capizzano & Adams, 2003). Math talk in these settings can predict children’s math skills (Boonen
et al., 2011; Klibanoff et al., 2006). In this study, we focused exclusively on parental influences on children’s math skills, but future research should unpack the variability in children’s exposure to numerical content across these various settings to gain a more complete picture of how early math skills
develop.
Finally, given our measure of math ability in this study, we were unable to tease apart the specific
skills that relate to parents’ number talk. Although this enabled us to link number talk to a broad array
of math skills, further specificity in which skills are and are not related to number talk would provide
more detailed information on how these processes operate, especially given that parents may be using
these number words in a variety of different ways.
Nonetheless, the findings of the current study suggest that parents’ number talk is a significant predictor of children’s math skills, especially when this talk is developmentally appropriate. Furthermore,
parents’ number talk is related to characteristics of parents themselves such as the acuity of the ANS
and their beliefs about their own math ability. These findings also extend previous research on the
ANS and suggest that this system is important for broader behavior aside from an individual’s own
math abilities.
Acknowledgments
This research was in part funded by NSF DUE1534830 to MEL. We thank Eliana Munro, Deborah
Scialabba, and Stephanie Silva for their assistance with coding and Amy Veasey, Chelsea MacNeil,
Peter Zheng, Mahima Rajan, Jyothi Thippana, Erinn Hanner, and Sonya Naik for their assistance with
transcriptions. Finally, we thank all the children and parents who participated in this study.
References
Assel, M. A., Landry, S. H., Swank, P., Smith, K. E., & Steelman, L. M. (2003). Precursors to mathematical skills: Examining the roles
of visual–spatial skills, executive processes, and parenting factors. Applied Developmental Science, 7, 27–38.
Aubrey, C. (1997). Mathematics teaching in the early years: An investigation of teachers’ subject knowledge. New York: Psychology
Press.
Bassok, D., & Latham, S. (2014, November). Kids today: Changes in school readiness in an early childhood era. Paper presented at
the annual meeting of the Association for Public Policy Analysis and Management, Albuquerque, NM.

14

L. Elliott et al. / Journal of Experimental Child Psychology 159 (2017) 1–15

Bodovski, K., & Farkas, G. (2007). Mathematics growth in early elementary school: The roles of beginning knowledge, student
engagement, and instruction. Elementary School Journal, 108, 115–130.
Bonny, J., & Lourenco, S. (2013). The approximate number system and its relation to early math achievement: Evidence from the
preschool years. Journal of Experimental Child Psychology, 114, 375–388.
Boonen, A. J. H., Kolkman, M. E., & Kroesbergen, E. H. (2011). The relation between teachers’ math talk and the acquisition of
number sense within kindergarten classrooms. Journal of School Psychology, 49, 281–299.
Braham, E. J., & Libertus, M. E. (2016). Intergenerational associations in numerical approximation and mathematical abilities.
Developmental Science. Advance online publication. doi: 10.1111/desc.12436.
Bull, R., & Scerif, G. (2001). Executive functioning as a predictor of children’s mathematics ability: Inhibition, switching, and
working memory. Developmental Neuropsychology, 19, 273–293.
Capizzano, J., & Adams, G. (2003). Children in low-income families are less likely to be in center-based child care. Development,
71, 960–980.
Chen, Q., & Li, J. (2014). Association between individual differences in non-symbolic number acuity and math performance: A
meta-analysis. Acta Psychologica, 148, 163–172.
Cobb, P. (1994). Where is the mind? Constructivist and sociocultural perspectives on mathematical development. Educational
Researcher, 23(7), 13–20. http://dx.doi.org/10.3102/0013189X023007013.
Cristofaro, T. N., & Tamis-LeMonda, C. S. (2012). Mother–child conversations at 36 months and at pre-kindergarten: Relations to
children’s school readiness. Journal of Early Childhood Literacy, 12, 68–97.
Dearing, E., McCartney, K., & Taylor, B. A. (2013). Change in family income-to-needs matters more for children with less. Child
Development, 72, 1779–1793.
DeFlorio, L., & Beliakoff, A. (2014). Socioeconomic status and preschoolers’ mathematical knowledge: The contribution of home
activities and parent beliefs. Early Education and Development, 26, 319–341.
Dehaene, S. (1992). Varieties of numerical abilities. Cognition, 44, 1–42.
Dehaene, S. (1997). The number sense: How mathematical knowledge is embedded in our brains. New York: Oxford University
Press.
Denton, K., & West, J. (2002). Children’s reading and mathematics achievement in kindergarten and first grade. Washington, DC:
National Center for Education Statistics.
DeWind, N. K., & Brannon, E. M. (2012). Malleability of the approximate number system: Effects of feedback and training.
Frontiers in Human Neuroscience, 6. http://dx.doi.org/10.3389/fnhum.2012.00068.
Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P., ... Japel, C. (2007). School readiness and later
achievement. Developmental Psychology, 43, 1428–1446.
Espy, K. A., McDiarmid, M. M., Cwik, M. F., Stalets, M. M., Hamby, A., & Senn, T. E. (2004). The contribution of executive functions
to emergent mathematic skills in preschool children. Developmental Neuropsychology, 26, 465–486.
Fagerlin, A., Zikmund-Fisher, B. J., Ubel, P. A., Jankovic, A., Derry, H. A., & Smith, D. M. (2007). Measuring numeracy without a
math test: Development of the Subjective Numeracy Scale. Medical Decision Making, 27, 672–680.
Fazio, L. K., Bailey, D. H., Thompson, C. A., & Siegler, R. S. (2014). Relations of different types of numerical magnitude
representations to each other and to mathematics achievement. Journal of Experimental Child Psychology, 123, 53–72.
Feigenson, L., Libertus, M. E., & Halberda, J. (2013). Links between the intuitive sense of number and formal mathematics ability.
Child Development Perspectives, 7(2), 74–79.
Ginsburg, H. P., & Baroody, A. J. (2003). Test of early math ability. Austin, TX: Pro-Ed.
Grigorenko, E. L., & Sternberg, R. J. (1998). Dynamic testing. Psychological Bulletin, 124, 75–111.
Guillaume, M., Nys, J., Mussolin, C., & Content, A. (2013). Differences in the acuity of the approximate number system in adults:
The effect of mathematical ability. Acta Psychologica, 144, 506–512.
Gunderson, E. A., & Levine, S. C. (2011). Some types of parent number talk count more than others: Relations between parents’
input and children’s cardinal-number knowledge. Developmental Science, 14, 1021–1032.
Halberda, J., Ly, R., Wilmer, J. B., Naiman, D. Q., & Germine, L. (2012). Number sense across the lifespan as revealed by a massive
Internet-based sample. Proceedings of the National academy of Sciences of the United States of America, 109, 11116–11120.
Halberda, J., Mazzocco, M. M. M., & Feigenson, L. (2008). Individual differences in non-verbal number acuity correlate with
maths achievement. Nature, 455, 665–668.
Huttenlocher, J., Haight, W., Bryk, A., Seltzer, M., & Lyons, T. (1991). Early vocabulary growth: Relation to language input and
gender. Developmental Psychology, 27, 236–248.
Inglis, M., & Gilmore, C. (2014). Indexing the approximate number system. Acta Psychologica, 145, 147–155.
Jaramillo, J. A. (1996). Vygotsky’s sociocultural theory and contributions to the development of constructivist curricula.
Education, 117, 133–140.
John-Steiner, V., & Mahn, H. (1996). Sociocultural approaches to learning and development: A Vygotskian framework.
Educational Psychologist, 31, 191–206.
Jordan, N. C., Kaplan, D., Locuniak, M. N., & Ramineni, C. (2007). Predicting first-grade math achievement from developmental
number sense trajectories. Learning Disabilities Research & Practice, 22, 36–46.
Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2009). Early math matters: Kindergarten number competence and later
mathematics outcomes. Developmental Psychology, 45, 850–867.
Keller, L., & Libertus, M. (2015). Inhibitory control may not explain the link between approximation and math abilities in
kindergarteners from middle class families. Frontiers in Psychology, 6. http://dx.doi.org/10.3389/fpsyg.2015.00685.
Klibanoff, R. S., Levine, S. C., Huttenlocher, J., Vasilyeva, M., & Hedges, L. V. (2006). Preschool children’s mathematical
knowledge: The effect of teacher ‘‘math talk”. Developmental Psychology, 42, 59–69.
Laflamme, D., Pomerleau, A., & Malcuit, G. (2002). A comparison of fathers’ and mothers’ involvement in childcare and
stimulation behaviors during free-play with their infants at 9 and 15 months. Sex Roles, 47, 507–518.
Lee, J. S., & Ginsburg, H. P. (2007). What is appropriate mathematics education for four-year-olds? Pre-kindergarten teachers’
beliefs. Journal of Early Childhood Research, 5, 2–31.
LeFevre, J. A., Kwarchuk, 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, 41, 55–66.

L. Elliott et al. / Journal of Experimental Child Psychology 159 (2017) 1–15

15

Levine, S. C., Suriyakham, L. W., Rowe, M. L., Huttenlocher, J., & Gunderson, E. A. (2010). What counts in the development of
young children’s number knowledge? Developmental Psychology, 46, 1309–1319.
Libertus, M. E., Feigenson, L., & Halberda, J. (2011). Preschool acuity of the approximate number system correlates with school
math ability. Developmental Science, 14, 1292–1300.
Libertus, M. E., Feigenson, L., & Halberda, J. (2013). Is approximate number precision a stable predictor of math ability? Learning
and Individual Differences, 25, 126–133.
Libertus, M. E., Odic, D., & Halberda, J. (2012). Intuitive sense of number correlates with math scores on college-entrance
examination. Acta Psychologica, 141, 373–379.
Lindsey, E. W., Cremeens, P. R., & Caldera, Y. M. (2010). Mother–child and father–child mutuality in two contexts: Consequences
for young children’s peer relationships. Infant and Child Development, 19, 142–160.
Lindskog, M., Winman, A., & Juslin, P. (2014). The association between higher education and approximate number system
acuity. Frontiers in Psychology, 5. http://dx.doi.org/10.3389/fpsyg.2014.00462.
Lipkus, I. M., Samsa, G., & Rimer, B. K. (2001). General performance on a numeracy scale among highly educated samples.
Medical Decision Making, 21(1), 37–44.
Lourenco, S. F., Bonny, J. W., Fernandez, E. P., & Rao, S. (2012). Nonsymbolic number and cumulative area representations
contribute shared and unique variance to symbolic math competence. Proceedings of the National academy of Sciences of the
United States of America, 109, 18737–18742.
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, 1480–1488.
Mazzocco, M. M. M., Feigenson, L., & Halberda, J. (2011). Preschoolers’ precision of the approximate number system predicts
later school mathematics performance. PLoS ONE, 6(9), e23749.
Melhuish, E. C., Phan, M. B., Sylva, K., Sammons, P., Siraj-Blatchford, I., & Taggart, B. (2008). Effects of the home learning
environment and preschool center experience upon literacy and numeracy development in early primary school. Journal of
Social Issues, 64, 95–114.
Missall, K., Hojnoski, R. L., Caskie, G. I. L., & Repasky, P. (2014). Home numeracy environments of preschoolers: Examining
relations among mathematical activities, parent mathematical beliefs, and early mathematical skills. Early Education and
Development, 26, 356–376.
Moyer, R. S., & Landauer, T. K. (1967). Time required for judgements of numerical inequality. Nature, 215, 1519–1520.
Pancsofar, N., & Vernon-Feagans, L. (2006). Mother and father language input to young children: Contributions to later language
development. Journal of Applied Developmental Psychology, 27, 571–587.
Park, J., & Brannon, E. M. (2013). Training the approximate number system improves math proficiency. Psychological Science, 24,
2013–2019.
Piazza, M., Pica, P., Izard, V., Spelke, E. S., & Dehaene, S. (2013). Education enhances the acuity of the nonverbal approximate
number system. Psychological Science, 24, 1037–1043.
Piotrkowski, C. S., Botsko, M., & Matthews, E. (2000). Parents’ and teachers’ beliefs about children’s school readiness in a highneed community. Early Childhood Research Quarterly, 15, 537–558.
Raghubar, K. P., Barnes, M. A., & Hecht, S. A. (2010). Working memory and mathematics: A review of developmental, individual
difference, and cognitive approaches. Learning and Individual Differences, 20, 110–122.
Sarama, J., & Clements, D. H. (2009). Early childhood mathematics education research: Learning trajectories for young children. New
York: Routledge.
Seo, K.-H., & Ginsburg, H. P. (2003). What is developmentally appropriate in early childhood mathematics education? Lessons
from new research. In D. H. Clements & J. Sarama (Eds.), Engaging young children in mathematics: Standards for early childhood
mathematics education (pp. 91–104). New York: Routledge.
Simpkins, S. D., Davis-Kean, P. E., & Eccles, J. S. (2005). Parents’ socializing behavior and children’s participation in math, science,
and computer out-of-school activities. Applied Developmental Science, 9, 14–30.
Skwarchuk, S. L. (2009). How do parents support preschoolers’ numeracy learning experiences at home? Early Childhood
Education Journal, 37, 189–197.
Skwarchuk, S. L., Sowinski, C., & LeFevre, J.-A. (2014). Formal and informal home learning activities in relation to children’s early
numeracy and literacy skills: The development of a home numeracy model. Journal of Experimental Child Psychology, 121,
63–84.
Sonnenschein, S., Galindo, C., Metzger, S. R., Thompson, J. A., Huang, H. C., & Lewis, H. (2012). Parents’ beliefs about children’s
math development and children’s participation in math activities. Child Development Research, 2012. http://dx.doi.org/
10.1155/2012/851657.
Steele, D. F. (1999). Learning mathematical language in the zone of proximal development. Teaching Children Mathematics, 6(1),
38–42.
Super, C. M., & Harkness, S. (1986). The developmental niche: A conceptualization at the interface of child and culture.
International Journal of Behavioral Development, 9, 545–569.
van Marle, K., Chu, F. W., Li, Y., & Geary, D. C. (2014). Acuity of the approximate number system and preschoolers’ quantitative
development. Developmental Science, 17, 492–505.
Wittenburg, P., Brugman, H., Russel, A., Klassmann, A., & Sloetjes, H. (2006). ELAN: A professional framework for multimodality
research. In Proceedings of the 5th international conference on language resources and evaluation (LREC 2006) (pp. 1556–1559).
Paris: European Language Resources Association.
Zadeh, Z. Y., Farnia, F., & Ungerleider, C. (2010). How home enrichment mediates the relationship between maternal education
and children’s achievement in reading and math. Early Education & Development, 21, 568–594.
Zill, N., & West, J. (2001). Entering kindergarten: A portrait of American children when they begin school—Findings from the Condition
of Education, 2000. Washington, DC: National Center for Education Statistics.

