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Abstract 

In this study (n=1000, Mage at K1entry = 53.4 months, SD= 3.4; 53% females), we investigated the 

contributions of the family socioeconomic status (SES; maternal education and an income-related 

measure) and number and age of siblings to the development of children's math, reading, and 

working memory (WM) updating skills over the kindergarten years.  Results from a multivariate 

multilevel growth curve model showed that children from more disadvantaged SES backgrounds 

already had a multifaceted developmental lag at kindergarten entry. Maternal education was the 

aspect of SES that more clearly affected the child’s cognitive development; the mother’s education 

predicted children’s math, reading, and WM-Updating skills at kindergarten entry as well as the rate 

of development of reading skills over the kindergarten years. Independently of SES status, children 

with more siblings also showed poorer reading and math skills than those in one-child families at 

kindergarten entry. We also found that both older and younger siblings affected, negatively, 

children’s reading skills before they attended kindergarten—which suggests that the development of 

reading skills is more responsive to environmental factors during the first years than other aspects of 

the child development. The findings underscore the independent role of siblings upon entry to 

kindergarten, and the enduring role of maternal education even after children are exposed to formal 

schooling. 

Keywords: socioeconomic status; kindergarten; academic achievement; cognitive 

development; siblings 
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Maternal Education and Siblings: Agents of Cognitive Development in Kindergarten 

Increasing evidence shows that children from disadvantaged SES environments already show 

a developmental lag that encompasses a variety of cognitive and noncognitive aspects at kindergarten 

entry (e.g., Duncan & Magnuson, 2011; Reardon & Portilla, 2016). In this study, we investigate 

whether the family SES (maternal education and an income-related measure) contributes to the rate 

of cognitive development in kindergarten—a critical period for the development of abilities that 

affect children’ school readiness. In particular, we will examine whether the family SES affects the 

development of reading, math, and working memory (or updating skills) similarly as some domains 

such as language and executive functions have protracted postnatal development and may be more 

susceptible to environmental and social influences (Noble et al., 2005). We also look at disentangling 

the role of siblings (sibship size and siblings’ age) on kindergarteners’ cognitive development and 

whether SES and siblings have a unique contribution to such development. Whilst the number of 

siblings is one factor that is traditionally included in the computation of income-to-needs ratio, it has 

been suggested that the number and age of siblings can also affect the availability of parents to 

engage with their children as well as the availability of interactions between siblings. These 

interactions between parents, children, and siblings are prime aspects to account for environmentally 

driven individual differences in young children’s cognitive development. In this study, we draw on 

research that has tackled the issue of SES disparities and child development from very different 

perspectives and integrate evidence from social, developmental, and cognitive science.    

SES and children’s math and reading  

Skills children develop before formal school can have an important impact on lifelong 

success. Children with poorer numeracy and literacy skills at the onset of formal education have 

larger high-school dropout rates as well as precarious jobs and lower wages in adulthood (Bynner & 



SES, SIBLINGS AND CHILDREN’S COGNITIVE DEVELOPMENT       4 

  

Parsons, 1997). The family SES—or the child’s access to financial, social, and cultural resources 

(Coleman, 1988)—has a noteworthy role among the factors that explain variation in children’s 

academic achievement at earlier stages in development. For instance, Duncan and Magnuson (2011; 

see also, Reardon & Portilla, 2016), using the Early Childhood Longitudinal Study-Kindergarten 

Class of 1998-99 (ECLS-K:1999) found that children in the lowest SES quintile (based on family 

income reports) were 1.34 standard deviations lower than those in the highest quintile in their 

kindergarten-entry math skills (see also Burkam et al., 2004, using an SES composite that included 

parents’ education, parents’ occupational prestige, and household income). On average, children 

from high-SES backgrounds in developed countries score between .20 and .30 of a standard 

deviation more than their less-advantaged peers at kindergarten entry (for a review see, Sirin, 2005). 

From a developmental point of view, studies suggest that the effect of SES on developing math and 

reading skills increases between infancy and age 4 to 5, and then levels off (Bradley & Corwyn, 

2002; Cooper et al., 2010; Duncan et al., 1998), which corresponds, approximately, with 

kindergarten-entry age. Mollborn et al. (2014), found that this pattern did not vary substantially when 

different facets of SES (household income, assets, and maternal educational attainment) were 

considered.  

Such disparities in academic outcomes at kindergarten entry relate to very basic numeracy 

and literacy skills that, nonetheless, affect long-term outcomes. For instance, Jordan et al. (2006) 

found that children from low-SES backgrounds (low family income) entered kindergarten with 

poorer number sense (i.e., counting, number knowledge, estimation, number transformation, number 

patterns) than those from middle-SES backgrounds. Likewise, disparities in kindergarten-entry 

reading skills relate to basic literacy abilities that act as enabling skills of the reading abilities that are 

developed in formal school. For instance, Hecht et al. (2000) found that children from low-income 
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backgrounds are also more likely to demonstrate weaknesses in specific reading-related skills, 

including letter recognition and phonological awareness. 

SES and children’s working memory skills 

Less is known about the role of environmental aspects on the development of non-academic 

outcomes such as working memory (WM) or updating skills—or the capacity to reason and 

remember the information being processed at the same time (Baddeley, 2000). There are few 

longitudinal studies (many of them are small-scale studies) that have specifically investigated how 

SES disparities contribute to the development of WM-Updating skills before formal schooling (for a 

review, see Hackman & Farah, 2009). For instance, Hackman et al. (2015) found that children with 

more educated mothers and higher family income-to-needs ratio (correlated at .58) already showed 

better WM-Updating capacity at kindergarten entry. Other studies that have considered SES 

composites have reported similar findings. For instance, Hughes and Ensor (2005) used a composite 

of different aspects of the family SES—reflecting social/financial disadvantage— and found that 

SES-related disparities in executive functions (EF) were already observed in two-year-old children. 

However, the magnitude of SES-related disparities does not seem to increase substantially over the 

early years. Hughes et al. (2010) found SES (family income) did not predict change over time 

between the ages of 4 and 6. In a similar vein, Hackman et al. (2015) also found that the relation 

between maternal education, income-to-needs ratio, and EF persisted without narrowing or widening 

across early and middle childhood. In a recent meta-analysis, Lawson et al. (2018) found that SES 

and executive functions (EF) correlated at about r= .18 (with similar values across different facets of 

SES), although some studies suggest that such association is stronger among preschoolers (e.g., 

Fitzpatrick et al., 2014).  

SES in early childhood: facets and mechanisms  
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Although SES is usually measured by some combination of income, parental education, and 

occupational status (a.k.a. distal mechanisms), it is thought that each facet of SES affects children in 

a different way (Bornstein et al., 2003). For instance, the family’s income (or other income-related 

variables such as income-to-needs ratio, subsidy status, or free-school meal status) may influence the 

neighborhood in which a family can afford to live and the quality of schools that the child attend 

(Klein, 2011). Parental occupation may influence the level and quality of social interactions that the 

child is exposed to (Horvat et al., 2003). Parental educational attainment may affect the parents’ 

engagement and involvement in the child’s learning and development (Ciabattari, 2010).  Indeed, it 

has been argued that combining SES measures into a single composite that reflects an equal 

contribution of parental educational attainment, parental occupation, and household income may not 

be conceptually appropriate (Dickinson & Adelson, 2014). This is because each facet of SES has 

different levels of stability across time and differentially predicts family processes and child 

adjustment (Duncan & Magnuson, 2003). For instance, Dickinson and Adelson (2014) investigated 

how SES (measured as a formative factor that was predicted by parental education, parental 

occupation, and household income) related to kindergarteners’ math and reading skills and found that 

the parents’ educational attainment explained about 16% of the variance in the SES factor whilst 

household income and the parents’ occupational prestige only accounted for about 5% and 2% of the 

variance in SES, respectively.  

In the context of early childhood, maternal education is thought to reflect more accurately the 

family SES in both developed and developing countries (e.g., Bornstein et al., 2003; Bradley & 

Corwyn, 2002; Jeong et al., 2017). It has been suggested that the effect of maternal education on 

children’ school readiness relates to the availability of social affordances and parenting practices that 

contribute to creating more stimulating parent-child interactions and home learning environments—
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a.k.a. proximal mechanisms (Magnuson et al., 2009; for a review, see Harding et al., 2015). For 

instance, more educated mothers engage their children more frequently in home numeracy and 

literacy activities (Christian et al., 1998; Susperreguy et al., 2020). More educated mothers also 

engage more frequently in number-related conversations with their children (Hornburg et al., 2018) 

and ask more questions (including high-level questions) when they engage in joint reading with their 

children (Tracey & Young, 2002).  

In contrast to early literacy and numeracy skills, which usually develop as a function of the 

availability of learning opportunities at home, parents do not usually engage their children in 

activities intentionally aimed at improving WM-Updating skills. However, there is evidence that 

maternal education is associated with the mother’ scaffolding behavior—more educated mothers 

respond more contingently during scaffolding interactions (Carr & Pike, 2012; Hughes & Ensor, 

2009; Hoff, 2003)—, which impacts on a range of executive functions, including WM (see Fay-

Stammbach et al., 2014, for a review). Indeed, parental stimulation during early childhood can at 

least partially mediate adverse effects of low SES on all aspects of executive functioning (Hackman, 

2012).  

Siblings and child development: sibship size and siblings age 

In comparison to the wealth of studies that have examined how SES disparities contribute to 

different aspects of the child’s development and how the effect of SES in early childhood is 

operationalized, little attention has been devoted in the psychology literature to other aspects of the 

family composition that may affect how parents contribute to their children’s development. For 

instance, the inverse association between the number of siblings and academic outcomes has been 

consistently documented in the economy and sociology literature—mainly in studies with school-age 

children and college students (e.g., Blake, 1989; Downey, 1995, 2001). According to the resource 
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dilution model (Blake, 1985; Downey, 2001), the availability of parental resources is limited, and 

such resources must be shared among siblings— “Siblings are competitors for parents' attention, 

time, energy, and financial resources and so the fewer the better” (Downey, 2001, p.497). Among the 

few studies that have investigated younger children, Cheadle (2008) used ECLS-K data (ECLS_K: 

2000, 2004) from more than 14,000 children and found that children in homes with more children 

than adults had poorer math and reading skills than children from families with more favorable adult-

child ratios. This is consistent with the view that children from smaller families are exposed to more 

parental input than those in larger families (Heer, 1985; Steelman et al., 2002). It is less clear how the 

number of siblings affects the development of WM-Updating. Since children with more siblings are 

exposed to parental input to a lesser extent—which implies less stimulation and scaffolding from 

parents—, some disparities in WM-Updating should be observed between children in one-child 

families and those with siblings. Nonetheless, evidence regarding the role of siblings on the 

development of executive functions is very scarce and studies with young children have rendered 

null effects. For instance, Hughes and Ensor (2005; see also, Bernier et al., 2012) found no 

association between executive functions and sibship size in preschool children.  

There is also evidence that suggests that the age of siblings may affect the richness of the 

input that children receive during child-to-child interactions. For instance, there is evidence that older 

siblings contribute to the development of linguistic and communicative skills of younger siblings 

(e.g., Havron et al., 2019; Hoff, 2006; Oshima-Takane et al., 1996).  It has been argued that older 

siblings might compensate for lost stimulation from parents at earlier stages.  These findings suggest 

that child-to-child interactions can be beneficial—particularly, for the development of verbal skills— 

and that the role of sibship size on children’s cognitive development is complex and cannot be 

simply analyzed from a resource dilution perspective. For instance, there is evidence that interactions 
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with older siblings contribute to children’s theory of mind (Hughes & Ensor, 2005), which aligns 

with the view that interactions with a more competent social partner foster children’s higher-order 

cognitive functions (Luria, 1966).  

SES and siblings: independent factors, additive effects 

Although the number of siblings has been used as part of the computation of income-to-needs 

ratio and it is considered as a resource-related disadvantage that may moderate the role of SES 

aspects such as maternal education (i.e., sibship size influences the amount of parental input that the 

child receives; Mercy & Steelman 1982), there is evidence that SES and sibship size may explain 

variance in academic achievement independently. For instance, Chiu and Xihua (2008) analyzed 

these associations with data drawn from the PISA study (more than 100,000 15-year-olds) and found 

that the number of siblings contributed to the variance in math achievement after accounting for SES 

disparities (an index measuring the student’s access to financial, social, and cultural resources) —

students with more siblings scored lower. There is also evidence that SES and the number of siblings 

may have additive effects on the development of cognitive skills in younger children (e.g., Cheadle, 

2008). Indeed, societal changes in family structure have contributed to the decoupling of SES and 

sibship size in developed countries; almost no OECD country has a total fertility rate above the 

population replacement rate of two children per woman (OECD, 2011). Thus, whilst an association 

between different facets of SES is feasible in some societies, the odds that SES disparities reflect 

differences in the family composition and number of siblings are substantially smaller in most 

developed countries.  

The current study: stable versus dynamic influences across different domains of child 

development 
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Although the relevance of the family SES on kindergarten-entry cognitive skills is robust, and 

many explanations have been proposed for these SES disparities with regards to parents’ investment 

in children’s development (including parenting practices, financial resources, and exposure to 

stressors), it is still unclear whether SES contributes to the rate of cognitive development. Some 

studies have revealed rank-order stability over development. For instance, in a seminal study that 

investigated the association between school readiness and later academic achievement, Duncan et al. 

(2007) reported a similar SES gap in math achievement at age 5 and age 18. Entwisle et al. (1997) 

focused on young children and reported similar findings; children from low- and high-income 

backgrounds showed similar math (and reading) gains over the first years in formal school. Hackman 

et al. (2015) also found a null association between different measures of SES and the rate of 

development of working memory skills in young children. In contrast, other studies have found 

dynamic influences; for instance, Cheadle (2008) found that children from higher SES backgrounds 

(a composite that included measures of parental occupation, education, and income) experienced 

larger gains in math and reading skills from kindergarten through the third grade. Similarly, Entwisle 

et al. (1987) found that children with more educated mothers experienced larger gains in math and 

reading from kindergarten to entry to formal school. 

The review of the literature suggests several factors that can explain these discrepancies (see 

Sirin, 2005). Arguably, the most relevant factors relate to the developmental stage that is considered, 

how SES is conceptualized, and the SES gradient in each study. For instance, studies that have 

considered SES composites assume that the role of different facets of SES is identical, which does 

not align with the fact that correlations among SES variables are usually modest. Furthermore, SES 

composites convey the impression that the top and bottom of the resulting distribution reflect high- 

and low-SES backgrounds, respectively, even if SES facets lack substantial variability or reflect 
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predominantly a specific SES stratum. As mentioned above, it is thought that maternal education 

reflects more adequately the role of SES in early childhood, thus, our first research question 

investigates whether maternal education contributes to stable and dynamic influences on the child’s 

cognitive development, independently of other facets of the family SES (educational subsidy 

status— an income-related measure that reflects the ratio income-to-needs). 

Our second research question is whether such influences are observed across different 

cognitive domains (math, reading, and WM) that may respond differently to environmental 

influences. Because the family SES is an environmental factor, it is feasible that the child’s reading 

and WM-Updating skills are affected to a larger extent. This is because neurocognitive functions 

(such as language and EF) show protracted postnatal development, which may increase the 

likelihood of being affected by environmental influences (Noble et al., 2005). Indeed, it is thought 

that parental practices that contribute to individual differences in language ability (e.g., quantity and 

complexity of mother-child talk) may also underpin individual differences in EF (Hoff, 2003).  

Our third research question addresses the possibility that the number and age of siblings 

(number of younger/older siblings) are associated with the development of math, reading, and WM 

skills in kindergarten and have additive effects with the family SES at this stage in development. The 

review of the literature suggests that sibship size affects the availability of resources (both financial 

and non-financial) and that children in smaller families and first-born children may be exposed to 

more parental input. Although we anticipate additive effects in the sense that both sibship size and 

the family SES may explain variance in cognitive development independently, we are hesitant to 

hypothesize that having older or younger children contributes to such development in a specific 

direction (and differentially across cognitive domains). This is because few studies have investigated 

these associations simultaneously in young children. Indeed, findings are mixed with regards to such 
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associations and whether similar effects emerge across different cognitive skills. For instance, 

whereas Peyre et al. (2016) found that the number of older siblings had a negative effect on the 

younger siblings’ language development (the number of younger siblings had a positive effect on the 

development of non-verbal cognitive skills in the same study), there is evidence that older siblings 

contribute to the development of linguistic and communicative skills of younger siblings as well as 

some higher-order cognitive functions (e.g., Havron et al., 2019; Hoff, 2006; Hughes & Ensor, 

2005). 

Method 

Sample 

Data from the current study were drawn from a large-scale longitudinal study examining the 

impact of kindergarten education on children’s development (in Singapore, the two years prior to 

formal education—which starts the year the child turns 7—are referred to as kindergarten). The key 

goal of the larger study was to examine whether classroom quality (structural and process quality) 

predicts holistic child development and whether this prediction differs according to home 

characteristics of the child. Recruitment for the main study (N = 1537 children) followed a stratified 

sampling strategy to target kindergartens from a range of social strata. The sample for the current 

study comprised 1000 children (Mage at K1entry = 53.4 months, SD= 3.4; 53% females) in 64 

kindergartens (M=16 children per centre, range= 6-55) that were randomly selected among those 

with information on parental education. Forty-seven percent of the mothers declared having tertiary 

studies (holding (at least) an Associate Diploma). In the current study, 19.5% were one-child 

families, 54.9% were two-child families, 19.1% were three-child families and 5.8% declared having 

more than 3 children (aggregated). Three percent of parents did not provide information on sibship 

size.  
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Materials 

Math ability 

The Test of Early Mathematics Ability-3 (TEMA-3; Ginsburg & Baroody, 2003) is designed 

for use with children from 3 to 8 years of age, to assess both informal and formal mathematical 

thinking on a variety of early numeracy skills that are the foundations of the math knowledge that is 

necessary at the onset of formal education. In this study, only Form A, comprising 72 items, was 

administered. Each item was scored dichotomously (i.e., 0 or 1). Test administration began with an 

entry point suitable for a child’s age and was terminated when the ceiling and basal were established. 

Raw scores were used in the analyses. A high score indicates better math ability (Cronbach’s alpha = 

.92). 

Reading skills 

The Word Reading subtest of the Wide Range Achievement Test – 4th Edition (WRAT-4; 

Wilkinson & Robertson, 2006) consists of Letter Reading (15 items) and Word Reading (55 items). 

Only the Green form was administered for letter reading, whereas both the Green and Blue forms 

were administered for word reading; the Green Form was always administered first. Test items were 

scored as 1 if children read the letter/word correctly. The dependent measure for this subtest was the 

total number of correct responses on letter and word reading. A reading score was derived by 

summing the average of the child’s word reading score on the Green and Blue forms with the letter 

reading score (i.e., mean [Green and Blue word reading] + letter reading). A high score indicates 

better reading skills (letter reading Cronbach’s alpha = .92; word reading Cronbach’s alpha = .98). 

WM-Updating capacity 
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The Animal Updating Task was used to assess children’s updating skills (Lee et al., 2013, 

modified from Miyake et al., 2000). Children were presented with pictures of animals one at a time 

on the computer screen. They were required to recall the identities of a specific number of animals 

(1, 2, 3, or 4 animals) at the end of each trial. Children were not told the number of animals that 

would be presented on each trial to ensure that updating was being used in this task. This task 

comprised four blocks of trials; each block had three practice trials followed by nine experimental 

trials. The number of animals presented was varied randomly across trials (Min = 2, Max = 7). In the 

easiest trials, children were required to recall the last animal presented. In the most difficult trials, 

children were required to recall the last four animals. Children provided their responses verbally 

while the examiner wrote their responses in verbatim on a form. The dependent measure was the 

total number of animals recalled correctly, regardless of the sequence in which the animals were 

presented. A high score indicates better updating capacity (Cronbach’s alpha = .89). 

Socioeconomic Status (Mother’s Educational Attainment and Educational Subsidy Status) and 

Siblings Composition (Number and Age of Siblings) 

Parents were asked to provide home background information (e.g., parents’ educational 

qualifications, housing type, household income, and whether the family qualified for educational 

subsidies or kindergarten fee assistance) in a short questionnaire. Parents also provided information 

about the family structure and siblings’ composition—the number and age of siblings—, as well as 

the age at which the child was enrolled in preschool programs (playgroup or nursery). This 

questionnaire was distributed to parents via their children’s kindergarten teachers and included basic 

demographics (e.g., age, gender, ethnicity), and other information about the child’s early 

development. Based on prior findings, we focused on two facets of SES—the mother’s educational 

attainment and whether the family qualified for childcare subsidies (or the child was receiving any 
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other type of kindergarten fee assistance). The latter is a more direct measure than parental reports on 

income since it accounts for a variety of aspects that may impact parents’ economic status and how 

household income translates into children’s accessibility to learning resources (e.g., age and number 

of siblings, employment status, being medically unfit for work, taking care of family members).  In 

the current study, 19% of children qualified for childcare subsidies (coded as a dummy variable=1). 

Data for eleven children (1%) was not provided. For the current study, the mother’s education was 

recoded according to the Singapore Standard Educational Classification (SSEC; Department of 

Statistics, 2015) (1= below secondary, 8%; 2= secondary, 9%; 3= post-secondary (non-tertiary), 

26%; 4= Diploma/Professional qualification, 43%; 5= university degree, 14%). Based on education 

data from the same year of data collection (Department of Statistics, 2015), the current sample 

included a larger low- and mid-class representation. A chi-square test of independence showed a 

moderate association between both facets of SES, χ2 (4) = 173.74, p < .001 (τb = -.37).  

No evidence of association of maternal education with sibship size (Md= 2, range= 1-6) was 

found (τb = -.04). The association between sibship size and subsidy status was small (τb = .08, p <. 

01). On each level of both SES variables, the majority were children in two-child families. Among 

these children, 47% had younger siblings. In the analyses, we considered the number of older and 

younger siblings. In our sample, the number of older siblings reflected sibship size to a larger extent 

(τb = .64, p <. 001).  

Control variables (gender, and preschool experience) 

We also considered two aspects—gender and preschool experience— that could affect the 

associations that were investigated in the current study. For instance, gender is consistently reported 

as a predictor of math achievement at entry to kindergarten. Preschool experience (whether the child 

attended playgroup or nursery prior to kindergarten) may also affect the cognitive development of the 
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child as those programs may provide additional stimulation. Furthermore, this may be a confounding 

variable since children from high-SES backgrounds may be enrolled in those programs to a larger 

extent. In the current study, preschool experience corresponded to the number of years the child 

attended either playgroup or nursery (i.e., kindergarten-entry age – earliest age at which the child 

attended either of those programs). A small association was found between preschool experience and 

maternal education, subsidy status, and sibship size (τb = .13, τb = -.08, τb = -.07, respectively). 

Procedure 

Children were tested four times. The first and second-time points corresponded to the 

beginning and the middle of Kindergarten 1 (K1). The third and fourth-time points corresponded to 

the beginning of Kindergarten 2 (K2) and Primary 1 (P1, equivalent to Grade 1 in the US), 

respectively. At the first and last time points, the first child was tested in month 1 in K1 and month 1 

in P1, respectively. Data collection at each time point spanned about 4 months. All tasks were part of 

a larger battery of tasks that were administered over a period of 4-5 sessions. Each session took about 

40-45 minutes. Information regarding SES was collected at the beginning of the study. Children were 

tested individually in their respective kindergartens, in a separate room. Parents provided informed 

written consent before the child's participation, and all children received a small token of 

appreciation after completing the tasks. All recruitment and testing procedures were approved by the 

Institutional Review Board at the university of the first author. 

Analytical approach 

First, we formulated a univariate unconditional growth curve model to investigate the 

trajectory of the development of each domain separately and whether there was significant variation 

in the initial status and slope at the children and centre levels. Then, we formulated a multivariate 
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conditional growth curve model to investigate the association of SES (maternal education and 

subsidy status), sibship size, and siblings’ age (number of younger/older siblings) with children’s K-

entry skills and rate of development across the various domains. We also included the control 

variables to account for differences in preschool experience and gender. We used a measure of centre 

SES composition that represented the average SES at the centre level (a composite of the SES 

variables that were measured at the individual level) to disaggregate the effect of SES at the child 

and centre level and estimate more precisely the effect at the child level. The intercept of the growth 

curves referred to skills at the average age at which children entered K1 (children enter K1 the year 

they turn five). For meaningful interpretation of the slope estimates, we divided the time scores by 6 

so the slope reflects a 6-month change instead of a monthly change. Additional information 

regarding the analytical approach may be found in Supplementary Material. 

Children for the main study were recruited in batches with some participating only in later 

time points (out of the 1000 children that were randomly selected, 813 contributed to data at the first 

time point). Missing data corresponding to dropouts, absent participants, and other administration 

issues during testing were treated as missing at random. The missing rate for the first time point was 

approximately 3% for math and 1% for reading and WM-Updating skills. The missing rate for the 

second time point and the cumulative missing rate at the third and fourth time point were similar 

across outcomes (about 6%, 8%, and 14%, respectively).  

 

Results 

Descriptive statistics and zero-order correlations across time points are shown in Table 1 and 

Figure 1, respectively.  

INSERT TABLE 1 HERE 
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INSERT FIGURE 1 HERE 

The means of the three domains showed small, gradual increases over time. The within- and 

across-domain correlations over time showed an autoregressive pattern (i.e., stronger correlations 

among observations taken in adjacent waves). Furthermore, each domain showed moderate to large 

stability over time; as expected, the magnitude of the correlations for reading and math was 

substantially larger since these measures are based on tests that are robust in terms of test-retest 

reliability. The association of the cognitive domains with SES was stronger for maternal education 

than for subsidy status. Both SES facets were more strongly associated with academic skills than 

with WM-Updating. Indeed, the strength of the association with WM-Updating showed a clearer 

decreasing pattern over time and no association was found with subsidy status at P1 entry. A similar 

pattern was found regarding the associations of math, reading, and WM-Updating with sibship size 

and the child’s preschool experience: stronger associations with math and reading and attenuation as 

the child enters formal school.  

Univariate analyses 

The results (and parameter estimates) of the univariate models are reported in detail in 

Supplementary Material. The analyses revealed that the longitudinal trend varied across domains. 

The development of math skills over the kindergarten years was characterized by a linear trend. In 

contrast, a quadratic trend was observed regarding the development of reading and WM-Updating 

skills, which indicates non-linear change. These quadratic trends had opposite signs. The 

development of reading skills was characterized by an acceleration of the growth rate as children get 

older whereas the development of WM-Updating skills showed a developmental plateau—i.e., 

smaller growth rates over time.  
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The univariate analyses also revealed that children with better reading skills at kindergarten 

entry also showed steeper growth (but less acceleration of their growth rates over development than 

children with less steep growth). In contrast, children’s development of WM-Updating skills showed 

the opposite pattern—i.e., children with better skills at kindergarten entry showed less steep growth. 

No association was found between kindergarten-entry math skills and the rate of growth over the 

kindergarten years. 

Multivariate conditional analysis 

Given the aims of the current study, we included the main predictors (both facets of SES, 

sibship size, and age of siblings) sequentially in the growth model (parameter estimates are shown in 

Table 2). First, we investigated whether SES explained the variance that was found at the children 

and centre levels across the three domains (Model 1 in Table 2). Then, we investigated whether the 

role of SES changed after including sibship size in the model—or whether sibship size and SES had 

additive effects (Model 2). Finally, we examined the role of younger and older siblings (Model 3). 

INSERT TABLE 2 HERE 

Is there an SES developmental gap at kindergarten entry? Does the SES gap encompass different 

cognitive domains? Is the mother’s education affecting the child development independently of 

other facets of the family SES? 

Both facets of SES were associated with K1-entry math skills. Children in families with less 

educated mothers and those receiving educational subsidies had poorer math and reading skills than 

those in families with more educated mothers and more financial resources. Children in families with 

more educated mothers also had better reading skills and WM-Updating capacity at kindergarten 

entry. Children who qualified for educational subsidies scored about .30 of a standard deviation 
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lower than their more advantaged counterparts in their K1-entry math and reading skills. The effect 

size of maternal education was substantially larger for math than for reading and WM-Updating. For 

instance, children with less-educated mothers1 were approximately .47, .28, and .26 standard 

deviations lower than those with more-educated mothers in their kindergarten-entry math, reading, 

and WM-Updating skills, respectively.  

Note that these effects were estimated after accounting for differences in preschool 

experience, which was associated with both facets of SES and affected the child’s reading and math 

skills at kindergarten entry. Children who were exposed to preschool programs earlier in 

development showed higher math and reading scores at entry to kindergarten, independently of SES 

status. Each year of preschool education was equivalent to about .10 of a standard deviation in K1-

entry math and reading skills.  

At the centre level, there was no evidence that the mean math, reading, and WM-Updating 

skills at kindergarten entry were associated with SES. In other words, differences in kindergarten-

entry cognitive skills between two children attending different centres did not correspond to 

differences in the centres SES composition.  

Does the family SES contribute to the rate of cognitive development over the kindergarten years?  

The model revealed that only maternal education affected the rate of cognitive development 

over the kindergarten years. Specifically, children in families with more educated mothers showed 

steeper growth in their reading skills—dynamic influences. The association between maternal 

education and the quadratic growth term of reading skills was negative, suggesting that these 

 
1 These values correspond to recoding maternal education as high- vs. low-SES (mothers with and without tertiary 
education, respectively). The results of the analysis did not change substantially when maternal education was recoded 
as a dichotomous variable.  
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children’s growth rate exhibited less acceleration and was more linear or stable over the kindergarten 

years. Note that the nonsignificant association of SES with the rate of cognitive development of math 

and WM-Updating indicates that the differences that were observed at kindergarten entry remained 

over the kindergarten years—stable influences. 

At the centre level, there was evidence that the rate of development of math skills was 

positively associated with SES. In other words, differences in math growth between two children 

attending different centres may be explained by differences in the centres SES composition. 

Furthermore, the negative coefficient regarding the effect of the centre SES on the quadratic factor 

suggests that the deceleration in math growth over the kindergarten years was more attenuated in 

schools with a higher SES composition (this is because the mean of the quadratic factor was 

negative, hence, suggesting growth deceleration).  

Do sibship size and the family SES have additive effects on the child’s cognitive development? 

When sibship size was included in the model as a predictor of children’s development (Model 

2 in Table 2), the role of maternal education and subsidy status did not change substantially from that 

reported above. The model revealed additive effects with SES at kindergarten entry. Specifically, 

children with more siblings scored lower in reading and math skills at kindergarten entry than those 

with fewer siblings. This effect was substantially larger for reading skills. Each additional child was 

equivalent to a decrease of .10 SD and .30 SD in math and reading skills (respectively) at 

kindergarten entry. Nonetheless, the model did not reveal that the number of siblings affected the rate 

of cognitive development over the kindergarten years.  
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A reparameterization2 of this model where the intercept was set at the onset of P1 revealed 

that both facets of SES and sibship size still explained variance in math skills at entry to P1 (and the 

magnitudes of the effects were similar to those found at kindergarten entry). Nonetheless, sibship 

size was no longer a predictor of reading skills at entry to P1— i.e., no additive effects— whilst the 

role of maternal education increased over the kindergarten years.  

Do older and younger siblings contribute differently to the child’s cognitive development? 

Finally, we investigated whether older and younger siblings contributed differently to the 

development of cognitive skills (Model 3 in Table 2). The role of subsidy status changed when the 

age of siblings was considered; subsidy status no longer predicted kindergarten-entry reading skills. 

Having more older siblings was detrimental for kindergarten-entry math and reading skills. This 

effect was substantially larger for reading skills. The effect sizes of older siblings on math and 

reading largely reflected those of sibship size in the previous model, hence, it may be interpreted in 

the same terms—i.e., children with more older siblings have less undivided attention of the parents in 

the first years. The analysis also revealed that having younger siblings neither contributed to the 

child’s reading skills at kindergarten entry, which probably reflects the advantage of children in one-

child families when it comes to the development of verbal skills during the first years; these children 

would experience undivided attention of the parents during their first years.  

Discussion 

In the current study, we investigated whether the family SES (maternal education and an 

income-related variable—educational subsidy status), sibship size, and age of siblings were uniquely 

 
2 Note that this model is equivalent to the model that is described above but the intercept is interpreted as the mean 
outcome at the average age at which children enter P1. 
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associated with the development of math, reading, and WM-Updating skills over the kindergarten 

years.  

Stable and dynamic influences of SES across different cognitive domains 

Consistent with other studies that have investigated aspects of children’s development 

separately (independently of how SES is conceptualized), we found a multifaceted developmental 

gap at kindergarten entry; children from low-SES backgrounds—those with less-educated mothers 

and those who qualified for educational subsidies— showed poorer math, reading, and WM-

Updating skills. The effect sizes aligned with those reported in studies with young children (ranged 

between .30 and .50 of a SD, regarding maternal education, and .30 of a SD, regarding subsidy 

status). 

Notably, we found substantial differences between the role of those facets of SES, which 

challenges the interpretation of findings in studies that have used SES composites (i.e., assuming that 

the role of different facets of the family SES on the child’s development is similar) for the same age 

range. Whereas the mother’s educational attainment affected the child’s math, reading, and WM-

Updating skills at kindergarten entry (and contributed to the rate of cognitive development over the 

kindergarten years), we found that the family access to material/financial resources (a direct 

consequence of the child’ educational subsidy status) only affected pre-academic skills (reading and 

math). This finding aligns with the view that each facet of SES differentially predicts family 

processes and child adjustment (Duncan & Magnuson, 2003), and that maternal education may 

reflect more accurately the family SES at earlier stages in development (e.g., Bornstein et al., 2003; 

Bradley & Corwyn, 2002). It is thought that maternal educational attainment may affect the parents’ 

engagement and involvement in the child’s learning and development whereas the family access to 

financial resources may affect the quality of schools that the child attend (Klein, 2011). In this sense, 
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the role of subsidy status may reflect the child’s exposure to early stimulation programs that focus on 

math and reading skills. There is evidence that preschool attendance as well as out-of-school learning 

opportunities contribute to SES-related disparities at entry to formal school (Entwisle & Alexander, 

1988). In this line, we found that children who did not qualify for subsidy status had longer preschool 

experience. Note that the aim of preschool programs varies across developmental stages and that 

there are qualitative differences with some programs focused on caring and others focused on early 

stimulation, thus, accounting for differences in preschool experience (as in the current study), may 

not reflect differences in the quality and aims of preschool programs (both subsidy status and 

preschool experience explained variance in math and reading skills at entry to kindergarten). 

Furthermore, our findings underscore that the development of WM-Updating skills may be 

more responsive to the mechanisms that reflect the role of maternal education in early childhood—

i.e., parental input, stimulation, and scaffolding. This is important because the association between 

SES and WM-Updating has not attracted the same level of attention than that of SES and the child’s 

pre-academic skills. Furthermore, extant evidence is mixed and mainly relates to small-scale studies 

(many of them providing cross-sectional evidence only). Although it is unlikely that more educated 

mothers (intentionally) engaged their children in activities that explicitly contributed to the 

development of WM-Updating skills (e.g., recalling lists of objects), there are instances during 

mother-child interactions that can tap on WM resources. For instance, singing (and memorizing) 

songs, or engaging the child in tasks/games that include multiple steps can incidentally tap on the 

child’s WM resources.  

We also found that only maternal education contributed to children’s rate of cognitive 

development, hence, adding support to the role of parents’ practices and parental input as the main 

mechanism of SES disparities in early childhood. Specifically, children with more educated mothers 
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showed steeper growth in reading skills over the kindergarten years. This probably reflects a transfer 

of responsibility of children’s learning to kindergarten teachers because no differences were found in 

the math growth of children from different SES backgrounds. Even if children were exposed less 

frequently to parental input during the kindergarten years than before entering kindergarten (as 

children spent less time at home), children with more educated mothers likely received more verbal 

input than those with less-educated mothers. Such incidental input would contribute to the 

development of reading skills. This aligns with the idea that SES in early childhood affects the 

development of verbal skills to a larger extent (Eriksen et al., 2010; Mercy & Steelman 1982; Peyre 

et al., 2016). For instance, Entwisle et al., (1987) found that SES disparities in pre-academic skills 

from kindergarten to entry to formal school were larger for verbal than for math abilities. Notably, 

studies that have considered SES composites have not reported substantial differences regarding the 

role of SES on reading and math skills in kindergarten (e.g., Cheadle, 2008). This underscores the 

differential role of maternal education and that different aspects of the child’s cognitive development 

may not respond to environmental influences similarly.   

It is worth mentioning that parental practices that probably contributed to SES disparities in 

language ability (e.g., quantity and complexity of mother-child talk) should have contributed to the 

development of WM-Updating skills as well (Hoff, 2003). The non-linear growth of WM-Updating 

over the kindergarten years and the pattern of covariances of the univariate model suggest that 

children with better skills at kindergarten entry reach a developmental plateau whereas those with 

poorer skills have more room for growth over the kindergarten years. Nonetheless, the pattern of 

correlations between maternal education and the growth factors does not suggest that children with 

more educated mothers (those with better WM-Updating skills at entry to kindergarten) experienced 

that developmental plateau (and that those with poorer WM-Updating skills at entry to kindergarten 
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experienced steeper growth). A feasible explanation is that there is substantial heterogeneity in these 

skills between children from high- and low-SES backgrounds at kindergarten entry. In other words, it 

is possible that children with less (or more) educated mothers are more likely to be at both the top 

and the bottom of the statistical distribution, which in turn may translate into very different growth 

rates over the kindergarten years (for children within the same SES stratum). For explanatory 

purposes, we investigated this possibility in an ad-hoc analysis3. In the current study, the ratio of the 

low-SES-children variance to the high-SES-children variance (maternal education) in kindergarten 

entry skills approached 1 for reading skills (1.03) whereas the variance ratio for WM-Updating skills 

was 1.29.  

This suggests that maternal education affects the development of reading and WM-Updating 

skills differently or that the development of verbal skills is responsive to environmental influences at 

earlier stages in development, even though the development of both skills is affected by similar 

mechanisms (Hoff, 2003). Such early responsiveness would contribute to disambiguate more 

precisely children with better reading skills from those with poorer reading skills at kindergarten 

entry—or those with more-educated mothers and those with less-educated mothers that have been 

exposed to parental input to a lesser extent. This would be reflected in more homogeneous variability 

in reading skills of children from different SES backgrounds (maternal education) at kindergarten 

entry, independently of mean differences.  

Siblings and SES: additive effects in the first years 

We also found that the number of siblings was associated with children’s cognitive 

development, independently of the family SES. At kindergarten entry, children with fewer siblings 

 
3 These values refer to maternal education (mothers with and without tertiary education); the ratio of mothers 
without/with tertiary education approached 1 (1:1) 
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outperformed their peers with more siblings in math and reading skills. Most theoretical models have 

considered sibship size as a moderator of the number of resources or stimulation that a child is 

exposed to (e.g., Bradley & Corwyn, 2002; Mayer, 1997), and it has been suggested that sibship size 

may also alter children’s exposure to parents’ stimulation (e.g., Downey, 1995). Thus, it is possible 

that children with more siblings received less undivided attention and parental support over the first 

years. Whilst this pervasive effect of sibship size has been mainly observed in studies with school-

aged children and college students—and has been explained by differences in access to 

financial/material resources among siblings—, our findings add to a small number of studies that 

suggest that sibship size already has a role early in development (when the role of differential access 

to material/financial resources is substantially smaller). For instance, Cheadle (2008) found that the 

ratio of adult-child in a family contributed to the child’s kindergarten-entry reading and math skills 

and explained gains in reading skills over the kindergarten years.  

In parallel to that effect of sibship size, we also found that children with older siblings had 

poorer reading and math skills at kindergarten entry, which challenges the belief that interactions 

with older siblings may counteract a lack of stimulation from parents to younger children (Havron et 

al., 2019). Indeed, the fact that the number of older siblings also affected nonverbal skills indicates 

that interactions between siblings do not have a relevant role in the child’s cognitive development 

(i.e., it is unlikely that having more interactions with siblings contributes negatively to the child’s 

math and reading skills). Thus, it is feasible that the negative associations with math and reading 

reflect a birth order effect—the possibility that younger siblings have received less support or 

stimulation during the first years (Price, 2008). Note that some studies that have found a positive role 

of older siblings on the development of verbal skills in younger siblings have also reported that the 
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effect likely reflects an increase in parent-child interactions rather than the effect of interactions 

between siblings (e.g., Bridges & Hoff, 2014; Study 2).  

We also found that younger siblings contributed negatively to children’s reading skills at 

kindergarten entry. As mentioned above, it is feasible that children with more siblings (independently 

of their ages) are exposed to cognitive stimulation and parental input to a lesser extent, and that the 

detrimental role of having younger siblings reflects the advantage of children in one-child families. 

The fact that only the child’s reading skills were affected (and that these skills have protracted 

postnatal development and are more susceptible to environmental influences; Noble et al., 2005) 

suggests that i) reading skills are more responsive to fluctuations in parental input during the first 

years and that ii) the effects of the dilution of parental input and cognitive stimulation as families 

become larger emerge early in development. The reading skills that are measured at entry to 

kindergarten are preceded and supported by other verbal skills such as phonological awareness that 

may be responsive to contextual input and incidental learning (e.g., parents talking) at earlier stages 

in development.  

It is worth mentioning that whereas maternal education and siblings are thought to operate 

through similar proximal mechanisms, they contribute to the child development independently (and 

after accounting for differences in the child’s access to financial resources and preschool 

experiences). This underscores the role of parental input during the first years as well as the 

responsiveness of the cognitive systems to fluctuations in access to such input.  Nonetheless, the role 

of siblings on children’s cognitive development seems to vanish over the kindergarten years. This 

finding does not align with studies that have found that sibship size still plays a role in school-aged 

children and college students. Thus, it is possible that the effect of siblings is operationalized through 

different mechanisms over development and that sibship size is an indicator of accessibility to 
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financial or social resources that have nothing to do with how parents interact with their children in 

adulthood. 

Limitations and future directions 

These findings should be interpreted in the light of a series of contextual limitations. First, we 

have discussed the role of maternal education from the perspective that more educated mothers 

usually engage their children in more frequent and richer interactions that can stimulate the cognitive 

development of the child. Whereas there is agreement in the literature that these are proximal 

mechanisms that explain the role of maternal education in early childhood, there is no empirical 

evidence that similar mechanisms drive the relation between maternal education and child 

development in Singapore. In the context of the current study, it is assumed that more educated 

parents adopt a more proactive interventionist parenting style that may include the provision of 

enrichment activities and other programs that focus on early stimulation. Second, we have argued 

that the number and age of siblings may contribute to the child’s access to parental input (and 

interactions between siblings), but it may be the quality (rather than the simple presence) of the 

sibling relationship that matters. Third, we have considered educational subsidy status as a measure 

of the child’s access to material and financial resources, but such status is not indicative of 

educational poverty. Indeed, children who qualify for educational subsidies in Singapore can attend 

quality preschool education with enrichment programs and activities that contribute to the child’s 

cognitive and socio-emotional development as these programs are heavily subsidized. Fourth, we 

have not considered other aspects of the family structure that may affect the child’s development. For 

instance, in Singapore it is not unusual to have multi-generational families in one home, so 

potentially more adults per child, which could affect the nature and frequency of adult-child 

interactions and the interpretation of the associations discussed above.  
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Finally, whereas the current study provides evidence of a cognitive-developmental gap at 

kindergarten entry, future studies should consider the development of non-cognitive domains that 

may also be responsive to SES disparities at early stages in development. Relatedly, future studies 

should also consider additional aspects that can affect how children from high- and low-SES 

environment develop. For instance, we know very little about the nature of parent-child interactions 

across the SES gradient and whether social aspects rather than just economic/financial facets may 

serve to characterize the family SES more precisely. Considering our findings, we also advocate for 

studies that consider the role of several aspects of SES independently (or using formative factors) 

rather than using SES composites or reflective factors. Our review of the literature suggests that there 

are ongoing conceptual and methodological issues as authors frequently ignore the magnitude of the 

correlation between SES facets and whether there is meaningful SES variance in each aspect so the 

top and bottom of the distribution of SES composites adequately reflect high- and low-SES 

backgrounds, respectively.  

Conclusions 

Our findings indicate that environmental factors such as the mother’s education and the 

number and age of siblings affect the child’s cognitive development well before children enter 

kindergarten and independently of the child’s access to material and financial resources. Indeed, 

maternal education, as the facet of SES that represents more precisely such disparities in early 

childhood, has an enduring role even after children are exposed to formal schooling and the level of 

parental input and home influences decrease. Although programs and policy recommendations 

regarding the detrimental role of SES disparities on children’s development have largely focused on 

providing financial support in the form of educational subsidies for vulnerable families, our findings 

underscore the relevance of programs such as KidSTART 
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(https://www.ecda.gov.sg/Parents/Pages/KidSTART.aspx) which is also tailored at fostering the 

quality of parenting skills as well as other programs that aim at raising parents’ awareness of the 

relevance of providing verbal stimulation and scaffolding early in development.  

https://www.ecda.gov.sg/Parents/Pages/KidSTART.aspx
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Table 1: Descriptive statistics 

      N Min Max Mean SD Skewness 
W1 age 813 49 66 57.40 3.82 -.030 
W2 age 964 55 72 63.19 3.83 .028 
W3 age 928 62 79 69.82 3.74 .032 
W4 age 869 73 90 80.97 3.68 .001 
W1 math 791 0 68 25.24 9.29 .242 
W2 math 934 2 71 30.22 9.07 .194 
W3 math 919 9 72 36.65 8.63 .309 
W4 math 863 16 72 46.74 10.03 .564 
W1 reading 806 0 41.5 15.96 5.66 .629 
W2 reading 936 0 52.0 18.72 6.17 .912 
W3 reading 922 1 56 23.09 7.49 .842 
W4 reading 864 15 65 30.69 7.89 .440 
W1 WM 804 2 26 12.77 5.24 -.437 
W2 WM 950 2 28 15.67 4.65 -.907 
W3 WM 920 2 31 17.45 4.06 -.894 
W4 WM 863 6 34 19.56 3.40 .059 
SES_mothers’ education 1000 1 5 3.45 1.09 -.723 
SES_subsidy status (0=no) 989 0 1 .19 .393 1.58 
Sibship size (n) 967 1 6 2.12 .823 .872 
Older siblings (n) 967 0 5 .683 .805 1.21 
Younger siblings (n) 967 0 4 .435 .59 1.21 
Preschool experience (in years) 1000 0 4.75 1.39 1.30 .239 
Gender (0=male) 1000 0 1 .529 .499 -.116 

 

  



SES, SIBLINGS AND CHILDREN’S COGNITIVE DEVELOPMENT       41 

  

Table 2: Covariates’ effects on growth factors (and 95% Bayes credibility interval)  

 Math Reading WM-Updating 
Model 1 (SES)    
L2    

MEIntercept 1.751* (1.14, 2.377) 0.777* (0.39, 1.159) 0.471* (0.031, 0.912) 
MEL Slope -0.047 (-0.404, 0.328) 0.579* (0.301, 0.859) -0.014 (-0.331, 0.304) 
MEQ Slope 0.015 (-0.056, 0.082) -0.077* (-0.128, -0.026) -0.006 (-0.062, 0.049) 
SBIntercept -2.584* (-4.317, -0.8) -1.293* (-2.361, -0.226) -0.542 (-1.856, 0.712) 
SBL Slope -0.846 (-1.878, 0.142) 0.307 (-0.455, 1.081) -0.071 (-0.975, 0.869) 
SBQ Slope 0.158 (-0.031, 0.351) -0.091 (-0.231, 0.047) 0.033 (-0.126, 0.191) 

GenderIntercept -0.849 (-2.001, 0.297) -0.239 (-0.967, 0.495) 0.481 (-0.351, 1.337) 
GenderL Slope 0.284 (-0.416, 0.957) -0.189 (-0.739, 0.358) -0.22 (-0.846, 0.404) 
GenderQ Slope -0.184* (-0.313, -0.053) 0.052 (-0.048, 0.152) 0.014 (-0.093, 0.122) 

PExIntercept 0.762* (0.298, 1.225) 0.327* (0.043, 0.613) -0.032 (-0.367, 0.302) 
PExL Slope -0.354* (-0.625, -0.067) -0.067 (-0.283, 0.148) 0.132 (-0.128, 0.381) 
PExQ Slope 0.049 (-0.004, 0.102) 0.025 (-0.014, 0.065) -0.022 (-0.067, 0.025) 

L3     
SEScIntercept -3.772 (-8.154, 0.821) -1.245 (-3.716, 1.219) -1.485 (-4.88, 1.998) 
SEScL Slope 3.109* (0.293, 5.986) 0.429 (-0.414, 1.281) 1.172 (-1.317, 3.601) 
SEScQ Slope -0.624* (-1.145, -0.098) - -0.198 (-0.604, 0.222) 

Model 2 (SES + Sibship size)   
L2    

MEIntercept 1.743* (1.131, 2.363) 0.734* (0.358, 1.106) 0.479* (0.034, 0.916) 
MEL Slope -0.029 (-0.384, 0.335) 0.604* (0.333, 0.881) -0.037 (-0.357, 0.298) 
MEQ Slope 0.013 (-0.055, 0.08) -0.08* (-0.13, -0.031) 0 (-0.057, 0.056) 
SBIntercept -2.339* (-4.078, -0.574) -1.056* (-2.109, -0.001) -0.498 (-1.734, 0.74) 
SBL Slope -0.853 (-1.857, 0.176) 0.286 (-0.465, 1.065) -0.155 (-1.139, 0.765) 
SBQ Slope 0.159 (-0.032, 0.348) -0.09 (-0.234, 0.047) 0.052 (-0.112, 0.236) 

SibshipIntercept -0.87* (-1.586, -0.143) -1.308* (-1.753, -0.866) 0.197 (-0.337, 0.717) 
SibshipL Slope 0.063 (-0.406, 0.481) 0.236 (-0.112, 0.579) 0.037 (-0.346, 0.437) 
SibshipQ Slope -0.012 (-0.091, 0.077) -0.011 (-0.075, 0.053) -0.016 (-0.087, 0.05) 
GenderIntercept -0.974 (-2.148, 0.189) -0.275 (-0.981, 0.442) 0.531 (-0.295, 1.375) 
GenderL Slope 0.361 (-0.354, 1.111) -0.18 (-0.733, 0.359) -0.278 (-0.9, 0.336) 
GenderQ Slope -0.199* (-0.34, -0.063) 0.05 (-0.049, 0.151) 0.027 (-0.081, 0.135) 

PExIntercept 0.717* (0.247, 1.18) 0.262 (-0.023, 0.544) -0.026 (-0.356, 0.303) 
PExL Slope -0.34* (-0.608, -0.056) -0.048 (-0.26, 0.164) 0.148 (-0.097, 0.387) 
PExQ Slope 0.047 (-0.007, 0.098) 0.023 (-0.017, 0.063) -0.027 (-0.067, 0.017) 

L3     
SEScIntercept -3.688 (-8.208, 0.712) -1.214 (-3.527, 1.179) -1.523 (-4.997, 1.875) 
SEScL Slope 3.069* (0.26, 5.882) 0.417 (-0.446, 1.293) 1.242 (-1.119, 3.745) 
SEScQ Slope -0.62* (-1.137, -0.105) - -0.216 (-0.635, 0.18) 
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Model 3 (SES + Siblings’ age: Number of OLDER/YOUNGER siblings) 
L2    

MEIntercept 1.75* (1.132, 2.358) 0.729* (0.355, 1.107) 0.495* (0.066, 0.941) 
MEL Slope -0.038 (-0.399, 0.341) 0.604* (0.332, 0.881) -0.039 (-0.361, 0.273) 
MEQ Slope 0.014 (-0.057, 0.084) -0.079* (-0.129, -0.029) -0.002 (-0.057, 0.052) 
SBIntercept -2.297* (-4.046, -0.531) -0.981 (-2.014, 0.057) -0.513 (-1.74, 0.779) 
SBL Slope -0.875 (-1.911, 0.184) 0.249 (-0.52, 0.982) -0.174 (-1.118, 0.73) 
SBQ Slope 0.161 (-0.037, 0.358) -0.085 (-0.218, 0.055) 0.057 (-0.101, 0.22) 

YOUNGIntercep
 

-0.662 (-1.768, 0.466) -0.888* (-1.566, -0.214) 0.192 (-0.611, 1.037) 
YOUNGL Slope -0.113 (-0.794, 0.546) 0.051 (-0.447, 0.572) 0.118 (-0.514, 0.707) 
YOUNGQ Slope 0.013 (-0.108, 0.14) -0.01 (-0.103, 0.081) -0.03 (-0.132, 0.086) 

OLDIntercept -0.945* (-1.751, -0.136) -1.425* (-1.908, -0.945) 0.192 (-0.37, 0.767) 
OLDL Slope 0.144 (-0.339, 0.644) 0.273 (-0.092, 0.642) 0.002 (-0.419, 0.417) 
OLDQ Slope -0.025 (-0.12, 0.066) -0.006 (-0.074, 0.061) -0.01 (-0.083, 0.064) 

GenderIntercept -0.943 (-2.101, 0.223) -0.27 (-0.979, 0.442) 0.512 (-0.325, 1.367) 
GenderL Slope 0.351 (-0.323, 1.05) -0.188 (-0.727, 0.355) -0.254 (-0.869, 0.348) 
GenderQ Slope -0.197* (-0.332, -0.07) 0.052 (-0.046, 0.152) 0.023 (-0.082, 0.13) 

PExIntercept 0.697* (0.232, 1.153) 0.255 (-0.027, 0.532) -0.02 (-0.35, 0.314) 
PExL Slope -0.315* (-0.595, -0.046) -0.051 (-0.265, 0.163) 0.119 (-0.124, 0.366) 
PExQ Slope 0.043 (-0.01, 0.096) 0.025 (-0.014, 0.065) -0.019 (-0.062, 0.023) 

L3     
SEScIntercept -3.79 (-8.232, 0.772) -1.346 (-3.764, 1.051) -1.553 (-5.066, 1.917) 
SEScL Slope 3.057* (0.316, 5.886) 0.434 (-0.42, 1.298) 1.261 (-1.16, 3.752) 
SEScQ Slope -0.618* (-1.134, -0.107) - -0.216 (-0.632, 0.188) 

Note: * 95% Bayesian credibility interval does not cover zero. L Slope: linear slope; Q Slope: 

quadratic slope; ME: maternal education; SB: educational subsidy status; YOUNG: number of 

younger siblings; OLD: number of older siblings; PEx: preschool experience. 
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Figure 1: Pearson’s r heatmap 

Note: SES_ME: maternal education; SES_SB: education subsidy status; SIBSHIP: sibship size; OLD 

Sb: number of older siblings; YOUNG Sb: number of younger siblings; PreExp: years of preschool 

experience. 
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SUPPLEMENTARY MATERIAL  

 

 

 

MATERNAL EDUCATION AND SIBLINGS: AGENTS OF COGNITIVE DEVELOPMENT IN 

KINDERGARTEN  
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Analytical approach 

To investigate the substantive questions in the current study, we used a multivariate growth 

curve model within the framework of multilevel models (HLM). This framework considers the 

repeated measures to be non-independent observations nested within each individual and each 

individual nested within organizations (or higher-order clusters). Thus, in the current study, repeated 

measures (L1) are nested within children (L2) and children are nested within kindergartens (L3, 

hereafter referred to as centre). The intercept and slope of each curve refer to the initial status and 

systematic change over time, respectively. Variation in such growth aspects (random effects) is 

investigated at both L2 and L3 levels (i.e., variation in the initial status and rate of development 

across children and centres). Given that children differed in their data collection occasions over 

time—i.e., the data were unbalanced (i.e., unequally spaced)—, the child’s age (in months) at each 

time point of data collection was the independent variable at L1. This variable was centered at month 

54, so the intercept of the growth curve refers to skills at the average age at which children entered 

K1 (children enter K1 the year they turn five). For meaningful interpretation of the slope estimates, 

we divided the time scores by 6 so the slope reflects a 6-month change instead of a monthly change.   

First, we formulated a univariate unconditional growth curve model to investigate the 

trajectory of the development of each process separately and whether there was significant variation 

in the initial status and slope at the children and centre levels. With four time points, we estimated a 

linear and a quadratic trend and fitted several models to investigate the appropriate structure of the 

random effects for each outcome measure. Then, we formulated a multivariate conditional growth 

curve model to investigate the association of SES (maternal education and subsidy status), sibship 

size, and siblings’ age (number of younger/older siblings) with children’s K-entry skills and rate of 

development across the various domains. We also included the control variables to account for 
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differences in preschool experience and gender. All the covariates were mean-centered for easier 

interpretation of the intercept or initial status. Furthermore, they were mean-centered at the child 

level because we did not expect substantial differences across centres. It was unlikely that centres 

differed notably in the proportion of children with older/younger siblings. Similarly, given that all 

centres were public or received funding support from the government, centre segregation was also 

unlikely and the possibility that some centres only catered for children from high-SES backgrounds 

was small. We also used a measure of centre SES composition (a composite that represented the 

average SES at the centre level) to disaggregate the effect of SES at the child and centre level and 

estimate more precisely the effect at the child level.  

All inferential statistical analyses were estimated using Mplus (Version 8.5; Muthén & 

Muthén, 1998–2017) and Bayes estimation with non-informative priors (because ML estimation was 

cumbersome due to requiring too many dimensions of integration for the multivariate model). 

Estimates were adjusted based on all available data and corresponded to the median of the posterior 

distribution. The default convergence criterion was that the Proportional Scale Reduction (PSR) 

factor was close to 1 for each parameter. Each model was run twice to check the convergence (the 

number of iterations in the second run was increased by at least a factor of two and a minimum of 

20,000). We also assessed model convergence by visual inspection of the Bayes posterior 

distribution, autocorrelation and trace plots. The Bayes estimator in the THREELEVEL RANDOM 

method only provided a relative fit index (DIC: Deviance Information Criteria). Differences in DIC 

across models afford informal comparisons of models with differing numbers of parameters. Smaller 

DIC suggests a better model fit. We report the 95% Bayesian CI to determine the “significance” of 

the estimates (a 95% CI that does not include zero is an indication that the estimate is significant). 

Univariate unconditional growth curve model 
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Table 1S (top) presents fit indices for each growth model and outcome variable. The null 

model (no predictors) to investigate the proportion of overall response variance present at each of the 

three levels (Hox, 2010) showed that about 70% of the variability in math and reading skills (and 

about 80% in WM-Updating skills) occurred across repeated measurements within children nested 

within preschools. The model also revealed variability at both L2 and L3 levels (children and 

preschools). The proportion of total response variation that occurs between outcome means across 

children was 25%, 28% and 17%, for math, reading and WM-Updating skills, respectively (and 8%, 

6% and 3%, respectively, at the preschool level; following the interpretation of ICC as in Hox, 2010; 

Snijders & Bosker, 2012). Adding linear age to the unconditional model decreased the L1 residual 

variance substantially (79%, 77% and 34% for math, reading and WM-Updating, respectively). In 

this model, 67% of variance in math scores is accounted at the children level and 8% is accounted at 

the preschool level (following ICC measures defined by Hox, 2010). The respective proportions of 

variance for reading and WM-Updating skills are: 69%, 6% and 29%, 1%). Including variability in 

the initial state and growth rate across children and preschools also contributed to decreasing the L1 

residual variance by an additional 6%, 10% and 3%, respectively.  

Table 1S: Assessment results of the random structure (top) and parameter estimates (and 95% Bayes 

credibility interval) of best fitting models (bottom) 

 Math Reading WM-Updating 

Null 26711 
21556 
20746 
20748 
20773 
20681 
20652 

24527 
19597 
18303 
18276 
18155 
17616 
17623 

21139 
19825 
19736 
19727 
19630 
19555 
19524 

L3 RI  
L3 RI + L2 RLS 
L3 RLS 
L3 RLS + L1 QS 
L3 RLS + L2 RQS 
L3 RLS + RQS 
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Means    
Intercept 21.73* (20.75, 22.67) 14.05* (13.54, 14.54) 11.81* (11.27, 12.44) 

Linear Slope 5.63* (5.15, 6.09) 2.70* (2.38, 3.05) 2.67* (2.26, 3.06) 
Quadratic Slope -.04 (-.14, .05) .20* (.14, .25) -.210* (-.28, -.14) 

L2 Variance    
Intercept 57.69* (49.79, 66.49) 18.73* (16.18, 21.70) 16.47* (12.42, 20.78) 

Linear Slope 2.93* (1.26, 6.27) 6.43* (4.80, 8.35) 3.92* (2.22, 5.93) 
Quadratic Slope .117*(.05, .24) .19* (.13, .25) .092* (.05, .15) 
Covariance I-LS -1.22 (-5.03, 2.12) 2.04* (.23, 3.65) -5.59* (-8.23, -3.28) 
Covariance I-QS -.22 (-.83, .48) -.47* (-.78, -.15) .653* (.24, 1.04) 

Covariance LS-QS -.37* (-1.00, -.05) -.93* (-1.25, -.65) -.584* (-.92, -.30) 

L3 Variance    
Intercept 6.27* (2.44, 13.18) 1.08* (.36, 2.59) 1.24* (.13, 4.03) 

Linear Slope .65* (.14, 2.12) .14* (.06, .31) .54* (.14, 1.78) 
Quadratic Slope .03* (.01, .09) - .014* (.004, .04) 
Covariance I-LS -.23 (-2.18, 1.20) .21 (-.06, .49) -.651 (-2.33, .004) 
Covariance I-QS .08 (-.20, .48) - .070 (-.03, .31) 

Covariance LS-QS -.12* (-.40, -.02) - -.080* (-.27, -.02) 

Note: * 95% Bayesian credibility interval does not cover zero.  

The optimal longitudinal trend varied across domains. The development of math skills over 

the kindergarten years was characterized by a linear trend (the quadratic effect at L1 deteriorated the 

fit of the model). In contrast, a quadratic trend was observed regarding the development of reading 

and WM-Updating skills, which indicates non-linear change. These quadratic trends had opposite 

sign. The development of reading skills was characterized by an acceleration of the growth rate as 

children get older whereas the negative quadratic term in the development of WM-Updating skills 

shows a developmental plateau—i.e., smaller growth rates over time. The developmental trends are 

shown in Figure 1S. 

Figure 1S: Developmental trend of math, reading and WM-Updating skills 
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Note: Vertica axis reflects math (red), reading (blue), and WM-Updating (green) raw scores 

 

The optimal random structure did not vary substantially across domains. Parameter estimates 

of the best fitting model for each domain are shown in Table 1S (bottom). There was variability in 

the initial state and rate of development (linear) of math, reading and WM-Updating skills at both the 

children and preschool levels. There was also variability in the acceleration of the growth rate 

corresponding to the development of reading skills as well as variability in the deceleration rate 

corresponding to the development of WM-Updating skills at the children level (L2). We found that 

there was variance in the quadratic change of math skills at the children and preschool level, 

however, the mean quadratic effect in the growth curve corresponding to math was not different from 

zero at L1—i.e., children and preschools showed significant non-zero variation in their respective 

quadratic change. The point estimate of the mean quadratic effect suggests a deceleration of the rate 

of development over time. The random structure also revealed that the variability at the preschool 

level was mainly observed at kindergarten entry and that preschools did not differ substantially in the 
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average rate of cognitive development (only the rate of growth deceleration of WM-Updating skills 

was different from zero at the preschool level).  

The within-domain associations between growth factors differed across domains. Children 

with better reading skills at kindergarten entry also showed steeper growth (but less acceleration of 

their growth rates over development than children with less steep growth). In contrast, children’s 

development of WM-Updating skills showed the opposite pattern—i.e., children with better skills at 

kindergarten entry showed less steep growth (but less deceleration of their growth rates over the 

kindergarten years). The development of math skills also revealed that children with better math 

skills at kindergarten entry showed a deceleration of their growth rates over development. Preschools 

with higher math achievement means (and higher WM-Updating means) when children were 54 

months old also showed a deceleration of the growth rate as children got older.  
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