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Introduction
The Opportunity–Propensity (O-P) model suggests that children are more likely to realize 

their potential for learning if they are provided Opportunities (O) to learn that at school and in 

other contexts and have the capability or propensity (P) to benefit from the opportunities 

provided to them (Wang et al. 2013). Opportunity indicators are culturally defined contexts in 

which children are presented with content to learn or given opportunities to practice math 

skills. Opportunity factors include factors such as home environment and parents focusing on 

numeracy. Propensity indicators are factors that relate to the ‘ability’ or ‘willingness’ to learn 

math content at school or at home. Propensity factors also deal with factors such as 

prerequisite knowledge and intelligence. In addition the O-P model includes antecedent 

factors, explaining why some children are more likely than others to benefit from the 

opportunities provided to them and develop stronger propensities for learning. Several 

antecedent variables were found to be relative important predictors of math achievement 

even after controlling for the O and P-variables in the model. Researchers found that effect of 

SES as antecedent variable was often indirect and mediated through other variables. Children 

who came from higher SES homes, had parents who held higher educational expectations for 

Abstract

This study explored the relative importance of the parent-child interaction focusing on 

numerical cues as opportunity factor, the prerequisite knowledge as propensity factor and 

the general parent involvement as distal factor in the prediction of early math achievement 

in 31 children followed up from toddlerhood (24 months of age) till kindergarten (48 

months of age). The opportunity-propensity model combines these three categories of 

factors to predict later achievement. The study confirmed the positive linear relationship 

between early math achievement and the environmental numeracy opportunities 

provided by parents in kindergarten above the parental general involvement. In addition, 

the results showed a predictive contribution of the opportunity-predictors in toddlers to 

late math achievement in kindergarten. There was a quadratic opportunity prediction in 

toddlerhood and a linear opportunity prediction in kindergarten. The implications of these 

findings are discussed in terms of the opportunity-propensity model in the prediction of 

number sense in toddlers and in kindergarten. 
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them.

Analyses on secondary data using the O-P model revealed that 58-81% of the variance in 

math achievement could be explained by family variables and specific O- and P-factors. O-

factors were found to explain between 11.2-44.1% of the variance of 10th and 12th grade 

math. P-factors added 21.9-27.6% to the prediction of math achievement to that contributed 

by antecedent and opportunity factors according to the opportunity-propensity model. 

Antecedent factors were found to account for 28.8-43.0% of the variance in math achievement 

according to the O-P model. SES accounted for 2% of the variance in third grade math 

(Desoete & Baten, 2017).

Thus, multiple predictors are taken into account in this O-P model. This holistic approach on 

learning is relatively new. Previous research on math development especially focused on 

isolated predictors. However, in terms of the Opportunity-Propensity- model (Byrnes & Miller, 

2007; Wang & Byrnes, 2013), it is important to not only relate mathematical achievement to 

Propensity factors (P-factors), but also to investigate the role of O-factors. 

Home numeracy environment can be considered as O-factor, positively impacting the 

development of number sense. Parental opportunities were found to substantially affect the 

development of language and literacy (e.g., Dieterich, Assel, Swank, Smith, & Landry, 2006; 

Hood, Conlon, & Andrews, 2008). However, there might also be also general factors, such as 

the overall responsiveness of parents to their child predicting later language and literacy 

development (Bornstein & TamisLeMonda, 1989; Dodici, Draper, & Peterson, 2003). 

Up till now studies on the role of home literacy opportunities have focused upon a few 

months old infants (e.g., Karrass & Braungart-Rieker, 2005; Pancsofar, Vernon-Feagans, & 

Family Life Project, 2010), toddlers of only a few years old, and children from kindergarten 

(e.g., Benavides-Varela, Butterworth, Burgio, Arcara, Lucangeli, & Semenza, 2016; Dieterich 

et al., 2006; Hood et al., 2008; Roberts, Jurgens, & Burchinal, 2005). In addition, there are, 

although rapidly growing (e.g. Segers, Kleemans, & Verhoeven, 2015), still fewer studies on 

numeracy than on literacy. 

Overall, the pattern of study results in this field indicate that kindergartners who develop in a 

rich numerical home numeracy environment have better number sense compared to those 

with a less rich home numeracy environment (e.g., Clements & Sarama, 2014; Kleemans et 

al., 2012; Skwarchuk, Sowinski, & LeFevre, 2014; Niklas, Cohrssen, & Tayler, 2016). 

Nevertheless, research on the relative importance of opportunity and propensity predictors in 

2-year-olds not yet entering kindergarten is scarce. However, Levine, Suriyakham, Rowe, 

Huttenlocher, and Gunderson (2011) demonstrated that in 14- to 30-month-olds the frequency 

of parental talk about numbers as ‘opportunities’ predicted the children’s cardinal knowledge 

(e.g., knowing that the word ‘four’ refers to sets with 4 items) at 46 months of age. 

Consequently, not only the influence of home numeracy environment in kindergarten (e.g., 

Blevins-Knabe & Musun-Miller, 1996), but also the predictive value of numerical parent-child 

interactions at younger age might be interesting to study. This knowledge within the O-P 

framework might contribute to the understanding of budding numeracy in 2- and 4-year-olds. 

Current study
The given review shows that it is commonly acknowledged that language experiences are 

important from infancy on (e.g., Karrass & Braungart-Rieker, 2005). Studies on numeracy, 

however, mainly focus on kindergartners and older children. Therefore, little is known about 

the relative importance of predictors of number sense in children who did not yet enter 

kindergarten. 

The aim of the current study was to investigate the role of numeracy environment for the 

number sense in toddlerhood (24 months) and in kindergarten (48 months). This resulted in 

the following specific research questions. First, the current study aimed at confirming previous 

findings on the positive relationship between home numeracy opportunities and number 

sense in kindergarten. Second, it was questioned whether the frequency of numerical parent-

child interactions as opportunity factor in toddlerhood already could affect the number sense 

competencies of children later on. At last, the third question handled the concurrent value of 

numeracy environmental opportunities for toddlers’ number sense. In line with the findings of 

the above mentioned kindergarten studies it was expected to find positive concurrent (e.g., 

Blevins-Knabe & Musun-Miller, 1996; LeFevre et al., 2009) and prospective (e.g., Kleemans 
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et al., 2012) relationships for the younger children investigated in this study. 

A manual search paradigm, a procedural and conceptual counting test as well as a 

cardinality knowledge test were respectively used to assess the toddlers’ and kindergarteners 

number sense. In toddlers, number sense is focused on the discrimination of numerosities.

Observational data were used to map the parent-child opportunities both in toddlerhood and 

kindergarten. Furthermore, it was investigated if parental involvement as general factor 

predicted early math achievement or if it was really parents focusing on numbers or the 

‘opportunities’ that developed the child’s number sense. This was explored by taking into 

account parental ‘involvement’ as measure of the quality of the interaction between parent 

and child. ‘Involvement’ referred to the establishment of a qualitative home learning 

environment (e.g., Melhuish & Phan, 2008) through one-on-one interactions between parent 

and child targeting the development of academic skills as a proximal form of parent 

involvement (Sy, Gottfried, & Gottfried, 2013). In line with the established role of parental 

involvement on literacy skills (e.g., Sy et al., 2013), there is some reason to believe that this 

parent related antecedent factor also relates to numeracy skills in children. This is suggested 

by the effect of the home environment offered by parents on (informal) mathematical 

knowledge or numeracy skills of children (Anders et al., 2012; Blevins-Knabe, Whitseside-

Mansell, & Selig, 2007). As such, the additional value of numerical experiences through 

parent-child interactions for early numerical competencies was questioned on top of this 

specific parental control measure. 

Method
Participants 

Participants participated in an in-depth study on early number sense and numerical 

competencies. Parents of 31 children consented to participate with their child at the age of 24 

(T1) and 48 months (T2). See Table 1 for the sample characteristics of the current study. 

Table 1. Descriptive characteristics of the sample

Note. IQ = Intelligence Quotient.
aIQ retrieved from the Wechsler Preschool and Primary Scale of Intelligence – Third edition (WPPSI-III-

NL; Wechsler, 2002) for all children except for one child of whom full scale IQ could not be calculated (n = 
b c d30).  Information unknown for 3 of 31 fathers.  Three families did not disclose information on income.  

e fincome < €1500.  €1501 < income < €3000.  income > €3000.

All parents accompanying their child for research and filling out the additional questionnaire 

were mothers. 

For parents who cannot be with their children full-time, many child-minding options are 

currently available in Flanders for children between the ages of 0-3 years, both formal (e.g. 

day nurseries or day care, child-minding families, … ) and informal (e.g. grandparents or other 

family members, friends, neighbors, …). In the current sample child-minding options at the 

age of 24 months were divided as follows: no provision (n = 2), informal provision (n = 6), 
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Age (in months)

24 months (first assessment)

48 months (second assessment)
23.55

48.42

101.33

Boys (n)

Mothers (n)

1

7

23

15

(1.18)

(0.92)

(12.53)

Girls (n)

Fathers (n)

0

15

13

16Gender

c
Family income 2

d
Low (n)

13

f
High (n)

13

e
Medium (n)

bEducational level 

Primary education

Higher secondary education

Higher education

aIQ

(SD)
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formal provision (n = 14; with for n = 5: day care and for n = 9: child-minding families), and a 

combination of informal and formal provision (n = 8; with for n = 5: combined with day care, with 

for n = 2: combined with child-minding families, and for n = 1: combined with day care and 

child-minding families). For one child this information was unknown. At the age of 48 months 

all children attended early schooling in kindergarten.

Procedure

Children were tested at the age of 24 and 48 months. Research at 24 months took place at 

the ‘Child & Family’ services, which are governmental services with responsibility for the 

guidance and support of young children and families (http://www.kindengezin.be). At that time 

most children attended child care when their mothers were working. The tests at 48 months 

took place at the children’s home. In all settings research was conducted in a distraction-free 

room. 

Number discrimination (as prerequisite knowledge) at 24 months was assessed as 

measured with the manual search task while children sat on their mother’s lap. Parents were 

instructed to remain neutral and not to elicit the child’s attention during task administration. At 

24 months children participated, furthermore, in a structured play observation with the mother. 

The tests on number sense at 48 months took place individually in absence of any parents, 

in the same order for all participants. First, an intelligence test (the Wechsler Preschool and 

Primary Scale of Intelligence – Third edition (Hendriksen & Hurks, 2009) was administered, 

followed by the assessment of a test battery on early mathematical competencies. 

Both at 24 and 48 months the parents were asked to fill out a questionnaire containing 

general and more specific questions about their toddler’s home experiences.

Parents signed an informed consent before participation with their child and the study was 

approved by the ethical commissions of the Faculty. 

Child distal factors: prerequisite math related knowledge at 24 months 

A manual search paradigm presenting as described by Feigenson and Carey (2005) was 

used to assess children’s math related prerequisite knowledge or number sense at 24 months. 

Children sat on their parent’s lap at an empty table in front of the experimenter. A wooden box 

(25 cm x 12.5 cm x 31.5 cm) had a slit at the front oriented to the toddlers and an opening at the 

backside of the box which was oriented to the experimenter. Parents were told that some balls 

would be hidden into this box to explore how children reacted and that no wrong reaction 

existed. Parents could only redirect their child’s attention when (really) necessary, but were 

furthermore not allowed to help and were asked to further minimize communication. In this 

task, three kinds of trials existed. First, there was a box empty trial after which children were 

allowed to retrieve a hidden ball. Second, a more remaining trial followed, wherein the 

researcher hid three balls, but surreptitiously took away two, allowing the child to only retrieve 

one ball. Third, there was a second (“extended”) box empty trial – always following the more 

remaining trial – in which the experimenter inserted again the balls that he took away through 

the backside of the box and offered the child to help, resulting in the child retrieving all (once) 

hidden balls. Each of the trial types were presented twice and the order of the trials was 

counterbalanced. Infants’ cumulative searching time was coded manually afterwards using 

The Observer XT software for analysis of observational data. Two experimenters – who coded 

the observational data of the manual search task – achieved an averaged inter-rater reliability 

of 0.97 percentage of agreement. Subtracting searching time after box empty trials from 

searching time after more remaining trials resulted in difference scores. Reliability of the 

difference scores, as measured with Cronbach’s α, was 0.79 for this task. The reliable change 

index (RCI) was computed following the procedure of Morley (2013) to find out whether the 

difference between the searching times at the different trial types was real or reliable. This 

method is generally used for defining a meaningful change (e.g., Jacobson & Truax, 1999) 

and/or evaluating clinical data for which no control group is available against which the sample 

group can be compared (e.g., Fenton & Morley, 2013).

Parental non-numerical control variable: involvement

General (non-numerical) involvement of parents was assessed as ‘distal factor’ and control 

variable with a parent questionnaire. Items on parental (i.e., maternal) involvement (n = 10) 

were retrieved from the scale ‘Parental Involvement in Developmental Advance (PIDA)’ from 

the StimQ-Toddler interview (Dreyer, Mendelsohn, & Tamis-LeMonda, 1996) describing 
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possible actions or activities with the child on initiative of the mother in the home environment 

on which parents could indicate “Yes” or “No” with one credit given for each positive answer 

(e.g., “Do you play make-believe games with your child in which you sit at the table or on the 

floor?” at 24 months or “Do you often have the opportunity to point to things in the street or 

around the house and name them for your child?” at 48 months).The StimQ has a high internal 

consistency as shown by a Cronbach’s α ranging from 0.88 to 0.93 on each of the StimQ forms. 

Numerical opportunity factors 

A structured play situation at 24 and 48 months aimed to measure the frequency of 

spontaneous numerical behaviors of mother and child. Mother and child sat on a carpet 

fabricated of soft plastic and were instructed to build a house with a set of ‘Duplo’ blocks 

according to a model. The purpose was to give all the participants the opportunity to focus on 

these (inconsistent) numerical cues during the play. Both mother and child were blind for the 

true intention of the structured play observation. They were asked to play in a similar way as 

they would do at home. The structured play was recorded on video and all numerical actions of 

mothers and/or children were coded manually afterwards. All actions were given a score 

according to their frequency during the observation. The sum of all these frequency scores on 

numeracy interaction items resulted, finally, in the ‘numeracy opportunity score’. At 24 months 

two experimenters achieved an averaged inter-rater reliability of 0.88. At 48 moths two 

experimenters achieved an averaged inter-rater reliability of 0.84 percentage of agreement. 

Outcome: math achievement at 48 months

At 48 months counting and early arithmetic skills were assessed with the TEDI-MATH 

(Grégoire et al., 2004). The value of the TEDI-MATH has been demonstrated in several 

studies (Desoete & Grégoire, 2006; Desoete, Stock, Schepens, Baeyens, & Roeyers, 2009; 

Stock, Desoete, & Roeyers, 2007). Cronbach’s Alpha for the different subtests vary between 

0.70 and 0.97 (Grégoire et al., 2004). Counting items contained both procedural and 

conceptual counting knowledge. Procedural knowledge included accuracy in counting row 

and counting forward to an upper bound and/or from a lower bound. Conceptual knowledge 

implied the validity of counting procedures, based on the five basic counting principles 

formulated by Gelman and Gallistel (1978). 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 

numerical equivalent amounts of objects and use counting as a problem-solving strategy in a 

riddle. In addition early calculations skills were assessed using visually supported additions 

and subtractions. Children did to do the subtraction or addition and give the total. Reliability, as 

measured with Cronbach’s α, was 0.73. 

Results
Linear regression analyses were performed to explore the research questions. Graphical 

inspection of the data revealed that error terms were normally distributed. Since not only the 

quantity of opportunities might be important, not only linear but also quadratic relationships 

were explored. Only in case of a significant quadratic relationship this was mentioned 

additionally, next to the results of the linear relationship between certain variables. Moreover 

significant relationships between the opportunities were tested by taking into account the 

control variable (parental involvement). Each factor was only taken into account as a control 

measure when it correlated significantly with the relevant outcome (math achievement at 24 

and 48th months). Table 2 provides the explorative correlations between all relevant 

measures included in the current study. 
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Table 2. Correlations between distal, opportunity, propensity factors and later achievement

Note. m=months, O=opportunity, P=propensity; A=achievement (outcome) * p < .10, ** p < .05, *** p <.01

Significant correlations between control factors and numerical outcome variables can be 

checked in this Table. 

Cross-sectional relationship between opportunities and prior-achievement at 24 

months

Linear regression analysis with (specific) home numeracy opportunities (numerical mother-

child interaction) in toddlerhood demonstrated no significant linear relationship with the math 

related prerequisite knowledge measured with a manual search task (T1), F(1,27) = 0.01, p = 

0 .932.

Cross-sectional relationship between opportunities and math achievement at 48 

months

Linear regression analysis with (specific) home numeracy opportunities in kindergarten 

revealed a significant positive linear relationship, F (1,29) = 5.56, p = 0.025, R² = 0.161 with an 

effect size of r = 0.40, for the home numeracy opportunities on the early arithmetic skills (as 

number sense) which remained marginally significant on top of the parental control variables, 

F  (1,28) = 3.11, p = 0.089, R²  = 0.09. change change

Mediation analysis revealed, in addition, that the relationship between the parental 

involvement and later math achievement was (marginally significantly) mediated by the 

numerical opportunities in kindergarten, β = 0.321, p = 0.089. 

Prediction of opportunities at 24 months and achievement at 48 months 

Linear regression analysis with the specific (home) numeracy opportunities at 24th months 

revealed a trend of prediction for conceptual counting at 48 months, F(1,27) = 3.60, p = .068. In 
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addition, although not linear F (1,27) = 2.29, p = 0.142, a significant quadratic (positive) 

relationship could be found, F (2,26) = 3.68, p = 0.039, R² = 0.221 between the opportunities at 

24 months and the early calculation skills at 48 months with an effect size of r = 0.470. 

Discussion
A bulk of research exists on early literacy achievement through parent-child interactions as 

home numeracy opportunities from infancy on (e.g., Karrass & Braungart-Rieker, 2005). The 

current study questioned whether home numeracy opportunities in children younger than 

kindergarten age could have a similar importance as predictors of later (concurrent or later) 

early math achievement. 

Home numeracy opportunities and achievement in kindergarten

A significant linear relationship was found between more numerical opportunities (mother-

child interaction) and concurrent early math achievement in kindergarten. This implies that 

how kindergartners performed on visually supported simple addition and subtraction 

exercises was related to the amount of numerical interactions between mother and child. As 

such, the parental numerical interaction might be perceived as a factor or opportunity that 

stimulates the child’s development of numerical abilities in a positive way. However, it is also 

possible that parents who talk more about numbers or act more on numeracy, do so because 

their children are (initially more) interested in numbers or have better prerequisite knowledge. 

Prerequisite knowledge is considered within the opportunity propensity model as a propensity 

factor directly affecting later achievement. Children might, accordingly, provoke numerical 

interactions of their parents themselves. Therefore, it cannot be ruled out that mothers, who 

know this, are involved in numerical interactions. Children’s academic performance or 

prerequisite knowledge may shape parental expectations (distal factors in the opportunity-

propensity model), which in turn would predict children’s subsequent achievement (Sy et al., 

2013). Nevertheless, for the current data this means that either more numerical mother-child 

interaction resulted in better performance in arithmetic operations or children with more 

prerequisite knowledge elicited more numerical interactions. No causal relationship could be 

drawn because of the cross-sectional nature of the analysis. 

Nonetheless, the value of those specific kinds of interactions could be demonstrated even 

when taking into account parental involvement as distal factor and plausible explaining factor. 

In line with Blevins-Knabe et al. (2007) it was reasonable to expect an effect of maternal 

involvement on numerical competencies, as this factor also related to literacy skills (e.g., 

Dodici et al., 2003). Likewise, a significant relationship was found between parental 

involvement and the early arithmetic skills of young children. Numerical mother-child 

opportunities in kindergarten not only had an additional value on top of maternal involvement, 

but also mediated the expected relationship between maternal involvement and the later 

numerical achievement. Therefore, it was suggested that the influence of those kinds of 

opportunities and interactions on children’s later math achievement was not entirely due to an 

overall higher parental involvement. 

Home numeracy opportunities in toddlerhood and achievement in kindergarten 

The opportunity-propensity model especially uses longitudinal data to fine-tune predictions. 

Regarding the predictive value of numeracy environment (mother-child interaction in 

toddlerhood) for later math achievement, findings were in line with the results about the 

relationship between the parental numeracy opportunities and concurrent math achievement 

of children. 

A positive relationship was found between parental opportunities and early math 

achievement. While the concurrent relationship between the constructs at kindergarten age 

(48 months) was linear, the relationship at toddler age (24 months) was quadratic in nature. 

In kindergarten this implied that more numerical opportunities correlated with higher math 

achievement. In toddlerhood, however it seemed that more opportunities only predicted 

higher achievement in kindergarten to some extent. At higher rates later achievement 

declined again. This finding suggests that numerical stimulation through parent-child 

opportunities might be worthwhile for later math achievement, although its positive effect is 

not unlimited and might also depend on other factors such as aptitude, motivation and self-

regulation. A child’s readiness to move forward might not only depends on the opportunities in 

this case through numerical mother-child interaction, but also on the child’s motivation and 
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skills to engage in the activity. 

Home numeracy opportunities and early math achievement in toddlerhood

The aim of this study was to investigate the relationship of these early numerical 

experiences in toddlerhood with early numeracy performance of children demonstrated by 

their number discrimination performance as prerequisite knowledge and performance on a 

manual search task at toddler age (24 months). No significant relationship was present in the 

current dataset. This suggests that numeracy stimulation in toddlerhood does not yet 

influence number sense, at least not the kind of numeracy measured with the search task. 

However, it might also be that the task was not sensitive enough to detect individual 

differences in number sense and was therefore not able to reveal relationship with 

opportunities in the environment. The kind of task itself, the low number of trials per child or the 

small sample size itself may account for this non-significant result. 

That no concurrent relationship was found in toddlerhood is however not detrimental to the 

value of numerical parental opportunities as its predictive value was demonstrated by a 

prospective relationship with outcome in kindergarten. The current findings highlighted the 

long-term effects of numerical mother-child interaction rather than short-term effects, which in 

in this case are not even demonstrated. Accordingly, it can be concluded that the parental 

numeracy environment does not predict children’s first acquired number sense skills such as 

reciting the counting sequence or learning the underlying principles of counting. The positive 

influence of numerical mother-child interaction seems to act on a more complex level later in 

development. It is however still conceivable that a concurrent relationship does exist between 

numeracy opportunities and more basic propensities home at younger age. This question 

could however not be answered based on the current data as only one aspect of numeracy 

was highlighted in toddlerhood. Future research should overcome this limitation by examining 

a broader range of numerical propensities and opportunities both in toddlerhood as in 

kindergarten, to elucidate this hypothesis. 

Specific numeracy environmental opportunities 

An important issue to this study related to the domain-specific nature of the opportunities on 

early numerical abilities of young children. The findings seemed to point in the direction of a 

numeracy specific relationship between mother-child interaction and early numeracy since 

overall no significant relationships were found between general involvement and the manual 

search task performance in toddlerhood or in kindergarten. Only once a significant 

relationship existed between maternal involvement in kindergarten and the concurrent 

performance on arithmetic operations as well as the observed numerical mother-child 

interaction in kindergarten. Nonetheless, controlling for the effect of this parental factor, the 

relationship between the frequency of numerical parent-child opportunities and number 

sense remained marginally significant. Therefore, it can be concluded that the influence of 

numerical interaction on children’s early numeracy performance is not (only) due to an overall 

and general involvement of parents towards their children. In line with Hong, Yoo, You and Wu 

(2010) it could be expected that parental involvement with a domain-specific focus (i.e., 

numerical cues) may yield different results than a general approach of both factors. The 

current data may underpin this assumption since general parental involvement as distal factor 

could not fully explain the results found in this study. 

Implications

To explore the relative importance of predictors of numeracy, an opportunity-propensity 

analysis was used to integrate home environment, prerequisite knowledge and parental 

involvement as opportunity, propensity and distal factors predicting early math achievement. 

The confirmative findings of the current study imply that an additional focus on numeracy (next 

to literacy) by agencies in support of parenting in preschoolers including infants and toddlers 

could be worthwhile. 

At clinical level this research lays the foundation for a follow-up of those children who 

received less home environmental opportunities at the age of 2 years. If less parental input on 

numeracy is predictive of later mathematical problems, additional numerical stimulation of 

children at risk, could be worthwhile. Children at risk are those who perform less due to specific 

child or socio-cultural factors such as siblings of children with a mathematical disability who 

have a higher risk on having this disability too (e.g., Shalev et al. 2001) or children from 

families with a low income (e.g., Jordan, Kaplan, Locuniak, & Ramineni, 2007). After all, 
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positive parenting practices can protect children from, for example, the disadvantages of 

financial strain (Gershoff, Aber, Raver, & Lennon, 2007; Yeung, Linver, & Brooks-Gunn, 2002). 

Limitations and suggestions

There are some limitations to this study. The first limiation is the sample size. Additional 

studies are needed to include more distal, opportunity and propensity factor as usually done in 

opportunity-propensity analyes on secundary data. In addition, this study dealt with families 

recruited from a subpopulation that already participated in the broader project of which this 

study was only a part. Therefore, the parents might have had an unusual high interest in 

engaging in educational activities with their children (Benigno & Ellis, 2004). Another limitation 

is that only families with a middle or high family income were included. From previous studies it 

is known that middle-SES mothers engage their children in more complex number activities 

than low-SES mothers, leading to better developed skills (Starkey, Klein, & Wakeley, 2004). 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 interaction and 

performance. Additional information could also be harvested by studying a broader range of 

numerical abilities both in toddlerhood and kindergarten. 

Conclusion
Despite the mentioned limitations, the strength and unique contribution of the current study 

to research on early numeracy lies in the combination of opportunities and propensities and in 

predictive value of the opportunities (amount of numerical parental interaction) even in 

toddlerhood for numerical competencies of children in kindergarten. Moreover, this study 

informs about the different kind of relationship of numerical mother-child interaction in 

toddlerhood compared to later math achievement in kindergarten. As this relationship was 

confirmed to be linear in kindergarten, one could – so to speak – simply promote engagement 

in these kinds of interactions. As, however, the positive effect on later achievement of the 

same interactions in toddlerhood seems not unlimited, fostering numerical development 

within relative boundaries is indicated. Emphasis is therefore mainly on empowerment of 

opportunities to foster numerical development within children’s zone of proximal development 

(even) from toddlerhood on. Future research needs to clarify long-term effects of these 

specific home environmental opportunities experiences on typical and atypical development 

of numeracy to explore further clinical relevance. 
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