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talk” as a predictor of the diversity in
mathematics learning in young children

Abstract: This study explored the importance of the amount of “parental talk” fo-
cusing on numerical cues as “opportunity factor” in the prediction of diversity in
mathematics learning. Thirty-one children were followed up from toddlerhood
(24 months of age) till kindergarten (48 months of age). Mathematics learning was
tested with a number discrimination task at 24 months. At 48 months children’s
mathematics learning was examined with a procedural and conceptual counting
task and a calculation task. The amount of parental talk was operationalized via a
questionnaire and via a structured play Duplo or Lego building session. The study
confirmed a substantial amount of diversity in the frequency of parental talk with
the results of the questionnaire and the observation positively related to each
other. A positive concurrent association was found between the amount of ob-
served parental talk and children’s calculation skills in kindergarten. Parental talk
with toddlers was also positively predicting children’s mathematics learning in kin-
dergarten. There was a trend of positive association between the amount of paren-
tal talk with toddlers and children’s conceptual counting abilities in kindergarten.
There was a positive quadratic predictive contribution of parental talk in toddlers
for “calculation” in kindergarten. These results confirmed that mathematics learn-
ing might not be unitary even in young children and that parental talk should be
considered as one of the opportunity factors to explain some of the diversities in
mathematics learning.

Keywords: parental talk, opportunity-propensity model, toddlers, kindergart-
ners, mathematics learning, number discrimination, procedural counting, con-
ceptual counting, calculation

1 Introduction

1.1 Mathematics learning

Nelson and Powell (2018) revealed findings based on 35 longitudinal studies that
mathematics learning in elementary school was one of the biggest predictors
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for future academic achievement. Mathematics skills were stronger predictors
than reading skills, even after controlling for intelligence and socioeconomic
status. Deary et al. (2000) demonstrated diversity in mathematics learning from
childhood to old age. A longitudinal study on 17.638 participants revealed that
mathematics learning at the age of seven was positively associated with the so-
cioeconomic status (SES) of individuals at the age of 42 years. This effect was
significant even when controlling for intelligence and SES at birth on top of intelli-
gence and SES at birth (Ritchie & Bates, 2013). Poor mathematics learning was re-
vealed to have an impact on daily life, resulting in more employment in low paid
professions and in negative consequences for (mental) health (Duncan & Magnu-
son, 2011; Geary, 2011; Wilson et al., 2015). These studies indicated the importance
of mathematics and indicated the need to improve the understanding of mathe-
matics learning, and in particular diversity in mathematics learning.

1.2 Mathematics learning in young children

Mathematics learning might not be unitary, but is rather made up of many dif-
ferent subcomponents, such as number discrimination, counting procedures,
counting principles, and calculation with possible discrepancies among sub-
components (Dowker et al., 2019).

According to Clements and Sarama (2014) there is no age too young for
mathematical thought. Number discrimination can be seen as an early marker
of diversity in infants (Xu & Arriaga, 2007). Previous research has shown that
number discrimination in toddlerhood even has some predictive value for math-
ematical learning in kindergarten (Ceulemans et al., 2015, 2017).

Previous studies also revealed that children’s counting proficiency played a
role in the development of mathematics learning. A secondary analysis on 7,665
children indicated that counting was one of best predictors of school success
(Claessens & Engel, 2013). The knowledge of counting procedures (or procedural
knowledge) and the knowledge of counting principles (conceptual knowledge)
can be seen as two distinctive aspects of counting. Procedural counting knowl-
edge is needed to determine that there are five objects in an array. Conceptual
counting knowledge reflects a child’s understanding of the essential counting
principles: the stable order principle, the one-one-correspondence principle and
the cardinality principle (Desoete & Roeyers, 2009; Stock et al., 2009).

Finally, mathematics learning also involves basic knowledge and skills to
calculate accurately in order to solve mathematical tasks. In later years, not
only calculation accuracy but also calculation fluency will be needed (LeFevre
et al., 2009).

The relative importance of “parental talk” as a predictor of the diversity 133



1.3 Opportunity (O)-Propensity (P) model
to explain diversity

The Opportunity-Propensity (O-P) framework (Byrnes, 2020; Byrnes & Miller,
2016; Wang et al., 2013) aims to explain some of the diversity of mathematical
learning, visualized in Fig. 1.

Propensity factors (P) in the O-P model refer to the variables that make people
able (e.g., intelligence) and/or willing (e.g., motivation) to learn mathematics.
Opportunity factors (O) have been defined as contexts and variables that ex-
pose children to learning content (e.g., home and school environment, includ-
ing parental talk). Distal variables (e.g., SES) were included in the model to
explain why some people are exposed to richer opportunity contexts and have
stronger propensities for learning than others.

The O-P model has been validated in large secondary data sets, including
lower-income pre-kindergarten children, children followed up from kindergar-
ten until primary school and secondary school pupils (Byrnes, 2020; Byrnes &
Miller, 2016; Wang et al., 2013). These studies have shown that mathematics
learning (as outcome variable) improved with more propensities (P-factor). In
addition, some of the diversity in mathematical learning could be explained by
the opportunities in the school and home environment (O-factors).

Previous studies informed us about the information on the influence of the
school environment (Baten & Desoete, 2018; Byrnes & Miller, 2016) in the predic-
tion of mathematics learning. The impact of these school related O-factors de-
pended on the specific support factors (Byrnes & Wasik, 2007, 2009). However,
other studies have shown that the home numeracy environment also mattered
(as O-factor) for mathematics learning (Missall et al., 2014; Segers et al., 2015).
Parent–child interactions that included experiences with numerical content in
daily life have been positively associated with children’s mathematics learning

Fig. 1: The Opportunity-Propensity model.
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(e.g., Blevins-Knabe & Austin, 2016). Anders et al. (2012) demonstrated that the
quality of the home environment at the beginning of kindergarten (mean age of
3 years) was strongly associated with mathematics learning in preschool, with
this advantage maintained at the end of preschool (mean age 5 years). Their re-
sults underlined the differential impact of school and home environments on
mathematics learning. Niklas et al. (2016) and Casey et al. (2018) demonstrated
that offering more parental support to children resulted in better mathematics
learning. Kindergartners who received rich early numerical home opportunities
developed better mathematics skills compared to those with fewer learning oppor-
tunities (e.g. Clements & Sarama, 2014; Kleemans et al., 2012; LeFevre et al., 2009).
However, Yildiz et al. (2018) found that home numeracy factors operationalized in
a questionnaire (parent’s reports) were positively related to children’s calculation
abilities, on the other hand, contrary to expectation, the observed parental talk
was negatively related to children’s calculation abilities. They concluded that ques-
tionnaires and observations might tap different aspects of home numeracy.

1.4 Parental talk as Opportunity (O) factor

Some component of the association between home environment and mathematics
learning might be at least partially explained by parental involvement (Hong et al.,
2010; Wilder, 2014) or by parental responsiveness (Dieterich et al., 2006). Parental
involvement can be described as the overall quality of the interaction between
parent and child (e.g., Melhuish & Phan, 2008; Sy et al., 2013). In addition, some
studies revealed that also parental responsiveness was positively associated with
later language and literacy development of children (e.g., Dieterich et al., 2006).
On top of the constructs involvement and responsiveness, math-related parental
talk is a component of home numeracy (e.g., Karrass & Braungart-Rieker, 2005).

Parental talk can be defined as the formal or direct numeracy talk (such as
counting objects) and informal or indirect (such as mealtime) numeracy talk of
parent–child dyads. Susperreguy and Davis-Kean (2016) revealed that all mothers
involved their preschool child in a variety of math exchanges during mealtime,
although there were differences in the amount of input that children received.
Several studies have shown that parental talk often involved counting and label-
ing cardinal values of sets (Ramani et al., 2015; Zhou et al., 2006). Talking about
large sets of objects was the strongest predictor of mathematics learning (Gunder-
son & Levine, 2011).
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1.5 Diversity in parental talk and in subcomponents
of mathematics learning

Dowker (2019) has shown that mathematics learning might not be unitary
and may differ with age. A study in kindergarten, grades 1 and 2, revealed that
basic numerical skills were positively associated with informal parental talk,
whereas calculation fluency was related to both formal and informal parental
talk (LeFevre et al., 2009). Yildiz et al. (2018) confirmed the positive relation-
ship between parental talk and calculation in the last year of kindergartners
(mean age 5.64 years), but only with the parental talk assessed via a question-
naire. Levine et al. (2011) demonstrated that in 14- to 30-month-olds the frequency
of parental talk about numbers predicted the children’s cardinal knowledge
(e.g., knowing that the word “four” refers to sets with four items) at 46 months
of age. The study of Skwarchuk et al. (2014) indicated that formal talk (such as
practicing sums) predicted symbolic number system knowledge, whereas in-
formal talk was related to children’s abilities to non-symbolically represent and
manipulate quantities in children starting in kindergarten (mean age 58 months).
Benavides-Varela et al. (2016) provided evidence for the unexpected finding that
the construct “home environment”was related to the exact, but not to the approxi-
mate, number representation in children with a mean age of 5 years 11 months.
Casey et al. (2018) found that (observed) parental support (labeling sets of objects)
at 36 months predicted mathematics learning at 4½ and 6–7 years.

To conclude, although there is evidence that parental talk is predictive for
mathematics learning, the importance might depend on the age of children, on
the subcomponent of mathematics learning that is studied, and even on the tech-
nique that is used to operationalize parental talk and mathematics learning.

1.6 Current study

In this study we use questionnaires and observations to assess parental talk
and to study the association with mathematics learning in toddlers and in kin-
dergarten. This results in the following specific Research Questions (RQ).

RQ1. Is there diversity in the parental talk with young children? Are ques-
tionnaires and observations of parental talk positively associated?

RQ2. Is there diversity in mathematics learning assessed at 24 months (with
a number discrimination task) and at 48 months (with procedural and
conceptual counting tasks and a calculation task)?

RQ3. Does parental talk predict mathematics learning, controlling for pa-
rental involvement and sensitivity?
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2 Method

2.1 Participants

Participants were part of a birth cohort, living in different Flemish districts in
Belgium. They were recruited within the scope of a longitudinal study for the
Belgian government (www.steunpuntwvg.be). A small sample of children were
randomly selected to participate in a more in depth study on mathematics learn-
ing (see also Ceulemans et al., 2015, 2017). As such, parents of 15 boys and 16 girls
consented to participate with their child at the age of 24 (T1) and 48 months (T2).
The mean intelligence of the children measured with Wechsler Preschool and Pri-
mary Scale of Intelligence – Third edition (WPPSI-III-NL; Wechsler, 2002; Dutch
translation) was 101.33 (SD = 12.53). Half of the families of the children had a mid-
dle income and the other half had a high income when the research project
started. The category “middle income” comprised a considerable part of the
study population being a “modal” family with two working parents as manual
worker or employee. Families in the “middle income” category earned be-
tween 1,501 and 3,000 euros, whereas those in the “high income” category
earned more than 3,000 euros per month.

2.2 Procedure and analyses

Linear regression analyses were conducted to explore the research questions.
Graphical inspection of the data revealed that error terms were normally distrib-
uted. Since not only the quantity of opportunities might be important, linear and
quadratic relationships were explored. Only in case of a significant quadratic re-
lationship was this mentioned additional to the results of the linear relationship
between certain variables. Moreover, significant relationships between the oppor-
tunities were tested by taking into account the control variable (parental involve-
ment and sensitivity).

2.3 Instruments

2.3.1 Parental talk (O-factor)

Parental talk was tested through observations and via a questionnaire. The
structured play situation was used to observe “parental talk” (as O-factor) at 24
and 48 months. Mother and child sat on a carpet and were instructed to build a
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house with a set of Duplo blocks according to a model. After the instruction was
given, parent and child were left alone in the room. The structured play was
recorded for five minutes on video and all parental talk, and/or language of the
children were coded manually afterward. All actions were given a score accord-
ing to their frequency during the observation. The sum of all scores (which
could be reduced to 18 items) resulted in the total parental talk score. Internal
consistency of the data output was .63 (M= 55.51, SD = 29.71). At 24 months two
experimenters achieved an averaged inter-rater reliability of .88 percentage of
scores in agreement. At 48 months two experimenters achieved an averaged
inter-rater reliability of .84 percentage of agreement.

All parents also completed questionnaires. The questionnaire on parental
talk included activities related to mathematics learning at home, with 13 items
related to direct activities (such as learn the right sequence of number words)
and 10 items related to indirect activities (such as sing a song with numbers).
Parents were asked to score all items according to their occurrence during the
past month. They could choose between the options never (1), sometimes (2), or
many times (3). The option “not applicable” (0) could be indicated when pa-
rents thought that their child could not perform this behavior because he/she
was not yet able to do it. The original options to indicate frequency were trans-
formed into scores ranging from zero to two per item. Cronbach’s alpha was .87
(with .85 for the direct activities and .72 for the indirect activities). For the mean
(M) and standard deviation (SD) of all items, see Tab. 1.

Tab. 1: Diversity in (self-reported) parental talk of todlers.

Response options (%)

    M (SD)

Direct activities

Use words about quantity and size . – . , . (.)

Use words to compare . . . . . (.)

Use number words: one, two, three – – . . . (.)

Use number words: four, . . ., ten . . . . . (.)

Say the sequence of numbers from
one to ten

. . . . . (.)

Learn the right sequence of number
words

. . . . . (.)

Learn counting or say number words
using fingers

. . . . . (.)
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2.3.2 Parental involvement and parental sensitivity

All parents completed a questionnaire with 10 items on parental involvement
from the scale “Parental Involvement in Developmental Advance (PIDA)” of the
StimQ-Toddler interview (Dreyer et al., 1996) were included. These items de-
scribed possible actions or activities with the child initiated by the parent in the
home environment. Cronbach’s α (M = 10, SD = 1.41) in the present study was .71
at 24 months and .63 at 48 months. A pilot study showed that the questionnaire
was easy to complete.

During observation of the structured play parental sensitivity was mea-
sured as well. In line with other research (e.g., Feldman & Masalha, 2010), the

Tab. 1 (continued)

Response options (%)

    M (SD)

Encourage counting . . . . . (.)

Asking “how many” . . . . . (.)

Practice counting objects . . . . . (.)

Encourage use of matching . . . . . (.)
Recognizing and naming numbers . . – – . (.)

Counting down . . . . . (.)

Indirect activities

Name shapes . . . – . (.)

Sort objects on color . . . . . (.)

Sort objects on shape . . . . . (.)

Sort objects on size . . . – . (.)

Sing a song on numbers . . . . . (.)

Give compliments to child on using
numbers

. . . . . (.)

Play with magnetic numbers or
number stamps

. . . . . (.)

Read books with focus on numbers . . . . . (.)

Play with a dice . . . – . (.)

Measure ingredients . . . . . (.)
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Coding Interactive Behavior (CIB) system (Feldman, 1998) was used to assess
the parental sensitivity during the structured play. This is a global rating sys-
tem of parent–child interaction that included 42 codes rated on a scale of 1 (low)
to 5 (high) that leads to eight theoretically derived parent, child, and dyadic com-
posites on diverse aspects of parent–child interaction. For each code, the ob-
server assigned a single score after viewing the entire interaction, and several
viewings were required to complete the coding. At 24 months the coder achieved
an averaged percentage of agreement of .84 with an officially trained coder by
the laboratory of Feldman. At 48 months the inter-rater reliability between two
observers averaged .91 with the same trained coder. The composite set of parental
sensitivity indicators was used in this study. This composite set included the
codes “parent acknowledgment of child signals,” “maintenance of visual contact,”
“expression of positive affect,” “appropriate vocal quality,” “resourcefulness in
handling child’s distress or expanding the interaction,” “consistency of style,” and
“display of an affective range that matches the infant’s readiness to interact.” Reli-
ability as measured with Cronbach’s α (M = 3.96, SD = 0.55) for this composite set
of indicators in the present study was .87 at 24 months and .80 at 48 months.

2.3.3 Mathematics learning

Mathematics learning was assessed as an outcome variable (at 24 and 48 months)
in the O-P model.

Mathematics learning at 24 months was tested with a number discrimina-
tion task using a manual search paradigm as described by Feigenson and Carey
(2005). A wooden box (25 cm × 12.5 cm × 31.5 cm) had a slit at the front oriented
toward the toddlers and an opening at the backside oriented toward the experi-
menter who was facing the child at an – except for the box – empty table. Parents
were told that some balls would be hidden to explore how children responded to
a task and that no wrong reaction existed. The task entailed three kinds of trials:
a first box empty trial, a more remaining trial, and a second variant of the box
empty trial, which always followed after amore remaining trial (see Fig. 2).

Each of the trial types was presented twice and the order of the trials was
counterbalanced. Children could search through the slit for 10 seconds after each
type of trial commenced. It was expected that children would search longer after
the more remaining than after the box empty trials which would indicate success-
ful discrimination. Cumulative searching time was coded. Subtracting searching
time after box empty trials from searching time after more remaining trials re-
sulted in difference scores. Reliability of the difference scores, as measured with
Cronbach’s α, was .79 for this task (M = 2.42, SD = 1.48).
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Mathematics learning at 48 months was tested with three subtests of the
TEDI-MATH (Grégoire et al., 2004). Procedural countingwas tested with all eight
items of TEDI-MATH where children had to count starting from one (up till 31),
counting up to an upper bound (e.g., “count to 9”) and/or from a lower bound
(e.g., “count from 3”). Cronbach’s α of the current study was .62 (M = 1.45, SD =
1.61). Conceptual counting was tested with all 13 items of TEDI-MATH where
children had to judge the counting of linear and non-linear patterns of objects,
and were asked questions about the counted amount of objects (e.g., “How
many objects are there in total?”). Furthermore, they had to construct two nu-
merical equivalent amounts of objects and use counting as a problem-solving
strategy in a riddle. Cronbach’s α of the current study was .76 (M = 4.39, SD =
2.70). Calculation was tested with all six items of TEDI-MATH where children
had to solve visually supported additions and subtractions. Reliability for the
current study was Cronbach’s α = .73 (M = 1.97, SD = 1.80).

3 Results

3.1 Diversity in “parental talk”

The amount of “parental talk” (assessed with a questionnaire) was positively associ-
ated with the amount of observed “parental talk” (during the manual search task)

Box placedon table

3 Balls on box thenhidden

Infant allowed to retrieve 1  ball 

Experimenter asks if she/he 
can help and gives the two 
remaining balls from inside 
of the box to the child  
through the slit in the front

1st Boxempty trial More remaining trial 2nd Box empty trial

Box stayson table

1 Ball on box then hidden

Box placedon table

Infant allowed to retrieve 1  ball 

Fig. 2: Different trial types of the manual search task. Adopted from “On the limits of infants’
quantification of small object arrays,” by Feigenson and Carey (2005), Cognition, 97, p. 301.
Copyright 2004 by Elsevier B.V.
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with r = .54, (p < .001). Table 1 gives an overview of the frequencies of the parental
talk assessed via a questionnaire at 24 months. “Using words to tell something
about the quantity or the size of objects,” “using words to express a comparison
between objects,” and “using the small number words from one to three” were the
most frequent activities by parents of toddlers. Direct “opportunities” to focus on
mathematics learning were reported as occurring (i.e., either “sometimes” or “many
times”) in about 60% of the cases. Indirect “opportunities” to focus on mathematics
learning were reported as not occurring in about 60% of the cases.

During the observation of parental talk (the structured play) interactions using
Duplo or Lego blocks occurred on average with a frequency of about 31.21 times
(SD = 14.34, range = 0.00–58.00) during the observation which lasted 5 min, giving
a rate of about 6 interactions per minute. Only once was no parental talk between
mother and child observed during the structured play situation, again pointing to
diversity of opportunities offered by children to enhance mathematics learning.

3.2 Diversity in mathematics learning

There was no significant association (see Tab. 2) between mathematics learning
in toddlers (assessed with a number discrimination task) and in kindergarten
(assessed with a counting and calculation task). Counting and calculation skills
were positively and significantly associated (at 48 months).

3.3 Relation between parental talk (as “opportunity”)
and mathematics learning

Table 3 provides the explorative correlations between the parental talk and all
mathematics learning measures included in the current study.

Tab. 2: Correlations between mathematics learning measures.

Mathematics learning 

 month (m)


 m


 m


 m
M (SD)

. Number discrimination – . (.)
. Procedural counting −. – . (.)
. Conceptual counting −. .* – . (.)
. Calculation −. .* .** – . (.)

* p ≤ .05.
** p ≤ .001
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At 48 months, there was a significant and positive linear relationship, F(1,29) =
5.56, p = .025, R2 = .161 between parental talk and calculation which remained
marginally significant in addition to the parental involvement, Fchange (1,28) =
3.11, p = .089, R2

change = .09.
The linear regression analysis with parental talk (observed at 24 months) as

the independent variable revealed a relationship and trend of prediction for con-
ceptual counting at 48 months, F(1,27) = 3.60, p = .068. In addition, although
not linear F(1,27) = 2.29, p = .142, a significant quadratic (positive) relationship
could be found, F(2,26) = 3.68, p = .039, R2 = .221 between the parental talk at
24 months and the calculation skills at 48 months.

4 Discussion

Parental talk occurred on average about six times per minute during the Duplo
or Lego building activity. In line with Susperreguy and Davis-Kean (2016), large
differences (varying from 23 to 0 times parental talk) in the amount of math
input that children received, were observed. These results indicate a substantial
diversity in the amount of parental talk children experience as young children.

In contrast with the finding of Yildiz et al. (2018), in this study there was a
significant relationship between parental talk operationalized via questionnaires
and via observational methods in toddlers (24 months).

In line with Ramani et al. (2015) and Casey et al. (2018) parental talk was
mainly involved in counting and labeling quantities. We observed that parents
often focused on small number words with toddlers, whereas Gunderson and
Levine (2011) revealed that the indicator “talking about large sets of objects”
was the strongest predictor of mathematics learning.

Parental talk was associated with mathematics learning even controlling
for parental involvement. In addition, in line with LeFevre et al. (2009), but in
contrast with Yildiz et al. (2018), a significant linear relationship was found be-
tween more (observed) parental talk and better calculation in kindergarten. As
such, the parental numerical language might be perceived as on opportunity
factor that stimulates the child’s mathematics learning in a positive way. How-
ever, it is also possible that parents who talk more about numbers or pick up
more opportunities to engage with their children, do so because their children
are (initially more) interested in mathematics. Children might, accordingly, pro-
voke numerical parental talk themselves. No causal relationship could be drawn.
Nonetheless, the value of parental talk could be demonstrated even when taking
into account parental involvement as a plausible explaining factor.

144 Desoete Annemie et al.



In addition while the concurrent relationship between the constructs at kin-
dergarten age (48 months) was linear, the relationship at toddler age (24 months)
was quadratic in nature. In kindergarten this implied that more parental talk was
associated with higher mathematics learning. In toddlerhood, however, it seemed
that more parental talk only predicted higher mathematics learning in kindergar-
ten to some extent, needing the appropriate engagement at the right time. At
higher rates later mathematics learning declined again. This finding suggests
that a child’s mathematics learning might not only depend on the parental talk,
and empowerment of opportunities should be within children’s zone of proximal
development. Future research needs to clarify this finding and the clinical rele-
vance more in detail.

There are some limitations to this study. The first limitation is the sample
size. A small sample size may lead to higher variability, leading to bias. In addi-
tion, only families with a middle or high family income were included. It would
therefore be interesting for future research to also take into account low-income
families to accurately investigate the influence of SES on both numerical inter-
action and performance.

Despite the mentioned limitations, the current study might imply that an
additional focus on parental talk by agencies in support of parenting could be
worthwhile. Making parents aware of the importance of numerical parental talk
might empower them and stimulate mathematics learning in young children.
However, it may be that education in respect of what is appropriate mathemati-
cal talk may be needed.
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