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Abstract 

In the fields of education, sociology and economics, there is a long-standing connection 

between socioeconomic status (SES) and school outcomes in a wide variety of cultural settings, 

but these studies have yet to examine the possible mediating effects of domain-general 

cognitive factors such as executive functions (EF). Addressing this gap and building on evidence 

for links between EF and numeracy, the current cross-cultural study used a large sample (N = 

835) of 9- to 16-year-old children from Hong Kong and the United Kingdom to the examine the 

independence and interplay of SES and EF as predictors of numeracy skills. Our analyses 

yielded three key findings: (1) EF consistently predicts numeracy skills across sites and genders; 

(2) Associations between SES and EF differ by site and gender; and (3) Associations between 

numeracy skills and SES/EF differ by site and gender. Together with previous findings, our 

results suggest culture-specific associations between SES, EF and numeracy, indicating that 

cultural insights may enable impactful shifts in public policy to narrow the achievement gap 

between children from affluent and disadvantaged families. 
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Do Executive Functions Mediate the Link between Socioeconomic Status and Numeracy 

Skills? A Cross-Site Comparison of Hong Kong and the United Kingdom 

 

There is a worrying academic achievement gap for children from families facing high levels 

of social and/or economic disadvantage. For example, Sirin’s (2005) meta-analysis of 58 studies 

indicated a medium effect size difference (mean .29, median .24, range .005 to .77) in academic 

achievement between based on low vs. high socioeconomic status. The size and reliability of 

this gap indicates that identifying the underpinning mechanisms is a vital first step towards 

developing effective interventions. One mechanism could be executive functions (EF), defined 

as the set of higher order cognitive skills such as inhibitory control, working memory and 

cognitive flexibility that underpin flexible and goal-directed behaviour. EF development is 

protracted in nature, making it especially susceptible to environmental influence (Blair & Raver, 

2016; Farah, 2018; Johnson et al., 2016). Numerous studies have reported statistically 

significant associations between EF and SES (e.g., Blair et al., 2011; Blums et al., 2017; Howard 

et al., 2019; Hughes & Ensor 2005; Rhoades et al., 2011; Sarsour et al., 2011). 

Variation in EF skills reliably predict children’s school readiness (e.g., Blair & Razza, 2007; 

Hughes et al., 2010) and are related to academic achievement in middle childhood and 

adolescence (e.g., Best et al., 2011; St Clair-Thompson & Gathercole, 2006). In these studies, 

EF is measured using either researcher-administered tasks or computer-administered tasks. 

Research-administered tasks tend to be conducted one-to-one by a trained 

psychologist/researcher and a participant; they usually involve manipulatives (e.g., blocks) and 

verbal questions/instructions. Computer-administered tasks are those that are presented on 

computers, or more recently tablets; they can be conducted either one-to-one or in larger 

groups. 

Many studies specifically focus on the link between EF and one type of academic skill - 

numeracy (for a review, see Bull & Lee, 2014). Numeracy is a broad term that covers the wide 
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range of computational and mathematical skills that students learn in formal educational 

settings. While these associations are typically cross-sectional, there is some indication that 

earlier EF predicts later numeracy skills (e.g., Ahmed et al., 2018; Bull et al., 2008; Viterbori et 

al., 2015). Most studies have focused on pre-school children (e.g., Clark et al., 2013; Fuhs et al., 

2014; Welsh et al., 2010), but the relationship between EF and numeracy appears robust across 

developmental stages (e.g., Cragg & Gilmore, 2014; Cragg et al., 2017; Samuels et al., 2016).  

Numeracy is a particularly interesting context to study the interplay between EF, SES and 

academic skills because of the well-documented gaps in achievement of older children from low 

compared to higher SES homes, and the consistent links between EF and numeracy. Despite a 

number of studies of this interplay for young children (e.g., Duncan et al., 2017; Nesbitt, Baker-

Ward, Willoughby, 2013), far less is known for older children. A recent NIH study that tracked 

336 children and adolescents from the USA across a two-year period showed that EF (but not 

verbal memory) mediated the association between SES and progress in arithmetic (Lawson & 

Farah, 2017). It is unknown what underlies this mediation, but it might be that SES is a proxy for 

family differences in nutrition, stress, or parenting. Taking the example of parenting, Hughes and 

Devine (2019) reported that, in a United Kingdom (UK) sample, parental scaffolding (age 

appropriate guidance that is just enough support for a child to complete a difficult task) facilitates 

child gains in EF skills, while negative parent-child interactions (e.g., harsh tones, criticism, 

arguments, physical control) have an adverse effect. Parenting effects like these might explain 

why EF skills mediate the relationship between SES and numeracy.  

It is not yet known whether this mediation effect can be generalized to samples outside the 

USA. Further, it cannot be assumed that findings in the USA (e.g., Lawson & Farah, 2017) will 

generalize to other English-speaking countries with similar societal values. For example, in a 

meta-analysis on studies ranging from early childhood to adolescence, Tucker-Drob and Bates 

(2015) found a stronger influence of SES on intelligence and school achievement are larger for 

samples from the USA compared with those from Western Europe and Australia. To our 
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knowledge just two studies exploring SES effects on EF have included older children from Asia – 

with both showing only small effect sizes. Phillipson (2009) gave researcher-administered EF 

tasks to a Hong Kong (HK) sample of 215 primary school students (Xage = 10.7 years) and found 

a small, but statistically significant correlation with SES (r = .21). Wang and colleagues (2016) 

applied a combination of researcher- and computer-administered EF tasks for a larger model 

exploring predictors of EF and theory of mind in two different samples comparing children from 

HK and the UK (Sample 1: 9-16 years, n = 118, Sample 2: 10-12 years, n = 137) and found 

small, but statistically significant links between SES (using a proxy score based on school). 

Likewise, the only existing UK study to examine whether EF helps explain the SES gradient in 

numeracy links involved a sample of children followed across the transition to school (Devine et 

al., 2016), such that it is not known whether EF has a similar mediation effect for older children. 

Furthermore, international comparisons of SES and numeracy skills suggest that 

examining cultural universality or specificity could help illuminate environmental influences on 

cognitive development. Importantly for the current study, children from Eastern Asia consistently 

outperform their Western counterparts on tests of both EF (e.g. for preschoolers – Imada et al., 

2013; Lewis et al., 2009; Sabbagh et al., 2006; for school-aged children – Ellefson et al., 2017; 

Wang, et al., 2016) and numeracy skills (e.g., TIMMS - Trends in International Mathematics and 

Science Study, Mullis et al., 2016 and PISA - Programme for International Student Assessment, 

OECD, 2016). Also of note is the finding that variation in numeracy skills show only weak links 

with SES for students from HK. Liu and Lu (2008) reported that SES accounted for only .8% of 

the variance in PISA scores Kalaycıoğlua (2015) found that links between SES and PISA scores 

were weakest in HK compared to other countries in a sample of adolescents from HK, the 

Netherlands, Greece, England and the USA (N = 8,806). Less well established, however, are 

issues of (1) cultural universality in the relationship between EF and numeracy; and (2) whether 

hat EF mediates in the link between SES and numeracy.  
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Numerous studies report internationally consistent EF-numeracy links (for reviews see Bull 

& Lee, 2014; Friso-van den Bos et al., 2013). When focusing on older children there are 

consistent links when comparing samples from the USA (e.g., Lawson & Farah, 2017), UK (e.g., 

Bull et al., 2008; Cragg et al., 2017; St Clair-Thompson & Gathercole, 2006) Netherlands (van 

der Sluis et al., 2007), and Singapore (e.g., Lee et al., 2009). Looking outside of North American 

and Europe, a longitudinal study of school-aged children from China indicates similar EF-

numeracy links (Wei et al., 2018). However, very few studies have directly examined whether 

the link between EF and numeracy skills is similar in magnitude across different cultures. In one 

exception, Lan and colleagues (2011) reported that, alongside the expected advantage shown 

by Chinese preschoolers on tests of inhibition and attentional control relative to their American 

counterparts, variation in EF showed similar associations with numeracy skills in both sites. Ng 

and colleagues (2015) replicated this result across different ethnic groups with a sample of 

preschool children living in the USA with Chinese, African American, Dominican and Mexican 

heritage. Given that EF and numeracy skills are both cognitive processes, we expect that the 

links between them should continue to be culturally universal for older children and adolescents. 

However, to our knowledge, this has yet to be demonstrated.  

In a recent meta-analysis, Lawson and colleagues (2018) found that although only small to 

medium in effect size links between SES and EF were very consistent between studies. Notably, 

27 of the 33 studies included in this meta-analysis were from North America (25 USA, 2 

Canada), with just 3 European studies (1 from Germany, 2 from the Netherlands) and 3 studies 

from elsewhere (Madagascar, HK and Turkey).To our knowledge, the Lawson and Farah (2017) 

study is the only published study to show mediation effect of EF on the link between SES and 

numeracy. However, as stated earlier, it includes only a sample from the USA and it is unknown 

whether this mediation effect is culturally universal. 

At this point it is worth noting that a gender perspective may be valuable in providing a 

finer-grained picture of possible cultural universality in the processes underpinning individual 
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differences in numeracy skills, not least because gender contrasts in numeracy vary in 

magnitude across different countries (e.g., Shen et al., 2016; Voyer & Voyer, 2014). Indeed, a 

meta-analysis of TIMMS and PISA data from 69 countries by Else-Quest and colleagues (2010) 

found that while gender differences in numeracy skills in mid-adolescence were typically either 

small or negligible in magnitude, effect sizes differed by country. Reports of gender differences 

in EF skills are rare, which may well reflect the lack of major gender differences in cognition 

evident in several meta-analyses (e.g., Grissom & Reyes, 2019; Hyde, 2016).  

In a large cross-sequential longitudinal study of children (N = 673, beginning ages 5 to 12 

years) from Singapore, Lee & Bull (2016) found that SES, but not gender, plays a predictive role 

on working memory development, which influenced numeracy skills. A separate large study of 

adolescents from Finland (N = 619, ages 14 to 15 years) identified significant differences 

between males and females on many EF measures, especially those that involve classroom-

based metrics (Holm et al., 2018). However, these differences did not carry over when looking at 

those with mathematical difficulties. However, in the UK at least, societal concerns about 

academic under-achievement in children from low-income families typically focus on males (e.g., 

Cobb-Clark & Moschion, 2017).  

Longitudinal findings from a sample of young children from the USA suggest that links 

between EF and numeracy skills may be stronger for females than for males (Clark et al., 2013). 

Although there is a dearth of evidence, given that both are cognitive processes, we would expect 

that the concurrent (i.e., non-longitudinal) links between EF and numeracy should be culturally 

universal for both males and females during older childhood and adolescence. Lawson and 

Farah (2017) have used gender as a control variable. Perhaps sample sizes have been too 

small to warrant reporting small effect size gender-specific associations. For example, in a study 

of 453 4- to 10-year-old Portuguese children, Alves and colleagues (2016) found gender 

differences on measures of cognitive performance (that did not include EF tasks) varied in 

magnitude across different SES groups, but all were small effects (partial η2 range .013 to .021). 
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Likewise, in a comparison of TIMMS arithmetic data from two HK cohorts, Guo, Marsh, Parker, 

Morin and Yeung (2015) found that SES showed similarly small positive associations with males’ 

and females’ TIMMS scores (weighted mean effect size = .11). In contrast, a later study of 598 

elementary school children from China, Guo et al. (2018) found that links between SES and 

literacy differed for boys and girls. Specifically, while parental education showed direct effects on 

literacy for both genders, family income had direct effects on literacy for females, but was 

indirectly related to literacy (via parent-child communication) for males. Taken together, these 

findings suggest that SES effects are not consistent for males and females growing up in 

different countries. 

The Current Study 

Given the gaps in the literature, the key aim of the current study is to build on the models 

used by Lawson and Farah (2018) to evaluate the cultural universality of EF as a mediator of the 

association between SES and numeracy. In addition, given the data that male and female 

numeracy outcomes seem to be differentially affected by SES, we include a direct investigation 

of whether these links are consistent across genders.  

We focus on an aspect of numeracy skill that is common on many standardized tests of 

mathematical skill: being able to solve equations at different levels of difficulty ranging from 

simple addition and subtraction up to basic calculus. We selected this focus because, like our EF 

measures, it can be administered in different languages without translations except for basic 

instructions.  

Even though there hasn’t been a direct study of the cultural universality of links between 

EF and numeracy, the various studies published across cultures suggest that EF and numeracy 

links should be consistent across cultures. It is unknown whether there is a cultural universality 

for links between SES and EF or for the posited mediating effect of EF on the link between SES 

numeracy. Furthermore, the mediation effects reported by Lawson and Farah (2017) in a sample 

from the USA cannot be assumed to be generalizable to other countries, whether it be those that 
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share language and many societal norms (e.g., UK, Australia) or those that do not (e.g., HK, 

Netherlands, Singapore) 

To achieve these goals, we evaluated further a large cross-cultural dataset that has be 

used to report cross-cultural contrasts in EF using a relatively large sample of children from HK 

and UK (Ellefson et al., 2017). The UK site shares language and some societal norms with the 

USA, while the HK site shares fewer societal and language norms. The two sites have distinct 

cultures and educational systems yet show similar gender equity ratings for performance on 

TIMMS/PISA tests (Else-Quest et al., 2010). Importantly, these similarities sit alongside of 

overall higher performance of children in HK on EF (Ellefson et al., 2017) and TIMMS/PISA tests 

(Mullis et al., 2016; OECD, 2016) and some evidence that SES has less influence on their 

numeracy skills (Kalaycıoğlua, 2015; Liu & Lu, 2008).  

Method 

Participants 

The sample for this study comes from a larger cross-cultural data set including 9- to 16-

year-old children (N = 930) and their parents from HK and the UK. In the current study, we 

identified 835 children who had: 

(1) at least one of four EF tasks measuring inhibition, working memory, cognitive flexibility 

and planning had been completed (from the UK sample - one child completed one EF 

task, one child completed two EF tasks, seven children completed three EF tasks and 

the rest of the UK sample and all of the HK sample completed all four EF tasks); 

(2) a standardized arithmetic skills assessment that included a variety of mathematical 

computations and the family affluence scale had each been completed; 

(3) parent-provided highest level of educational attainment and occupation information in a 

survey or it could be estimated based on school data; and  

(4) gender and birthday/age reported;  
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Within this group, 15 participants from HK and 42 from the UK reported home languages other 

than those taught in school. The ethics committees from both universities running the project 

reviewed and approved this research protocol. All parents provided consent and children verbal 

assent.  

As reported in Ellefson et al. (2017), we recruited participants from state schools and 

community events in ways that would allow for samples representing the sites. The local 

geographical area for the researchers based in the UK is affluent, so although there are some 

participants from this area, we specifically recruited in less affluent areas to be more 

representative of the UK. The full dataset includes measures of parenting and parent-child 

relationships, self-regulated learning, general cognitive ability, verbal comprehension (in English 

for the UK site, Cantonese for the HK site), and English vocabulary skills. Due to content and 

space limitations, those data will be reported separately (for full dataset see 

http://reshare.ukdataservice.ac.uk/852570/) 

Materials and Procedures 

Numeracy skills. We assessed numeracy skills using the mathematics subtest of the 

Wide Range Achievement Test (WRAT; Wilkinson, 1993). We selected this task because it can 

be easily administered in group settings, is culturally robust (Snelbaker et al., 2001), has high 

immediate re-test reliability (.88; Dell et al., 2008), shows good levels of validity (.66; Wilkinson & 

Robertson, 2006) and covers a wide range of ages. The assessment itself measures 

computational skills from early childhood to adolescence. The easiest items involve counting. 

After that there are a variety of equations that increase in complexity. For example, the initial 

equations are simple addition or subtraction and the later equations include fractions, algebra 

and basic calculus. The task itself does not need translating, but the instructions were delivered 

in Cantonese for the HK site and English for the UK site. 

EF skills. As described in Ellefson et al. (2017; open access materials from 

[http://reshare.ukdataservice.ac.uk/852570/] 
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]), participants completed four EF tasks measuring inhibition (Stop Signal task, Logan, 

1994), working memory (Spatial Span task, Corsi, 1971), cognitive flexibility (Color-Shape 

Switching task, Ellefson et al., 2006; Rogers & Monsell, 1995) and planning (Tower of Hanoi, 

Welsch, 1991). Accuracy and Reaction Times (RTs) were recorded for each trial. Efficiency 

scores for each task were calculated by dividing total number of accurate trials by the RT (in 

seconds). 

SES. Parents reported on highest level of education and current occupation, providing the 

same information about their spouse / partner, where appropriate. These responses were coded 

into socioeconomic metrics using Hollingshead’s Four-Factor Index of Social Status (1975; see 

also Adams & Weakleim, 2011). A parent’s highest educational qualification is converted into 

scores ranging from 1 to 7. For example, 1 is for primary/elementary school, 4 is for high school, 

6 for an undergraduate degree, and 7 for a graduate degree. Parental occupation is converted 

into scores ranging from 1 to 9. For example, 1 is for cleaners or farm laborers, 5 is for clerical 

and sales workers, 7 is for owners of small businesses, managers or journalists, 9 for 

executives, scientists, engineers, or large business owners. For single/widowed parents, then 

only their scores were used in the analyses, otherwise mean education and occupation scores 

was computed based on both parents. In addition, if one parent was a full-time homemaker, then 

the occupation score was based on the parent in-work. 

In addition, children answered five questions from the Family Affluence Scale (Wardle et 

al., 2002), which has good reliability and validity (Boudreau & Poulin, 2009. Specifically, children 

reported if they had their own bedroom, the number of bedrooms in their home, as well as the 

number of family vehicles, desktop/laptop computers, and family vacations in the last year. A 

composite score was calculated by summing the scores for each question together for each 

participant in which higher scores indicate more affluence (range of scores = 1 to 18).  

Results 

Preliminary Analyses and Analytic Plan 
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Data screening indicated that some of the variables violated normality; we made 

appropriate adjustments to our statistical analyses to accommodate this. A preliminary 2 

analysis indicated no site difference in the number of males and females (2 = 0.69, p = .41). A 

preliminary factorial ANOVA with age as the dependent variable indicated that HK participants 

were older (M = 12.21 years, SD = 0.99) than UK participants (M = 11.92 years, SD = 0.93; F (1, 

831) = 19.61, p < .001, ηp
2 = .02), but males (M = 12.11 years, SD = 0.99) and females (M = 

11.99 years, SD = 0.94) did not differ in age (F (1, 831) = 2.54, p = .11, ηp
2 = .003).  

Next, we ran factorial ANCOVAs using the factors site (HK, UK) and gender (Female, 

Male) on each of the key measures in the study to identify overall group differences in numeracy 

skills, SES, and EF skills using the car/effects (Fox & Weisberg, 2011); lsr (Navarro, 2015); 

psych (Revelle, 2018) packages for R. Age was included as a co-variate in each of these 

analyses and effect sizes were evaluated using partial eta-squared (ηp
2). We ran non-parametric 

analyses for each of the non-normally distributed variables; those results matched the 

parametric results that we report below. 

Finally, to explore the links among EF, SES and numeracy, we tested a theoretical model 

using structural equation modeling (see Figure 1) using the lavaan (Rosseel, 2012). and 

semTools (Jorgensen et al., 2018) packages for R. In the hypothesized model, the three SES 

scores load onto an SES latent variable and the four EF scores load onto an EF latent variable. 

As there is just one numeracy task, the WRAT standardized score is a measured variable. 
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Figure 1. The full theoretical model tested across the four groups (UK male, UK female, HK 

male, HK female). The correlated residual was included based on preliminary analyses of the 

data. All other connections were determined a priori. 

 

Before running the correlations and models, we took a few preliminary steps. Following the 

procedures adopted by Lawson and Farah (2017), we used normed scores from the WRAT and 

created age-adjusted EF and SES variables, by taking residuals from a linear regression with 

age as the predictor and each individual measure of EF / SES variable as an outcome. Finally, 

following procedures adopted by Ellefson, et al. (2017) and Wiebe, Espy and Clark (2008), we 

converted all measured variables into full-sample z scores. We calculated robust standard errors 

and adjusted for non-normal distribution in some of the measured variables using the Satorra-

Bentler estimation (Brown, 2015).  

Correlating residuals can inflate a model’s fit, when measured variables share modalities. 

In such cases, it is best for models to include correlated residuals (e.g., Cole et al., 2007). Here, 
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the EF tasks are all computerized and have shared modalities. We tested for correlated 

residuals and found that cognitive flexibility and inhibition were reliably correlated. As such, we 

correlated these two residuals in the full model. We removed this correlation in the nested 

models to test for parsimony and to make sure that including it did not unnecessarily inflate the 

fit of the model.  

To determine whether it was more appropriate to run a single versus multiple models 

across site and gender, we used confirmatory factor analysis to test for measurement invariance 

of the measurement model (see Table 1). When comparing across sites there was configural 

(equal form) and metric invariance (equal factor loadings). However, there was not scalar 

invariance (equal intercepts) or strict measurement invariance (equal residuals). When 

comparing across gender x site there was again configural and metric invariance, but not scalar 

or strict measurement invariance.  

Taken together, these preliminary analyses indicated that the sites and genders had a 

similar factor structure, but there were other heterogeneities across sites and genders. As such 

we ran models separately for UK males, UK females, HK males and HK females. After running 

the full model, we tested various nested models to identify the most parsimonious model for 

each group. Generally, the measured variables part of each latent variable are assumed to be 

independent, with their factor loadings and error variance free to vary. Following Brown (2015), 

we ran a tau equivalence test for the EF and SES latent variables as part of these nested model 

analyses to confirm this independence. 
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Table 1. 

Measurement Invariance results comparing across sites and genders. 

 2 df p 2 df p RMSEA SRMR CFI TLI 

Site           

Equal form 51.06 34 .03    .04 .03 .98 .97 

Equal loadings 58.49 39 .02 7.03 5 .22 .04 .04 .98 .97 

Equal intercepts 181.33 44 <.001 127.15 5 <.001 .09 .07 .84 .79 

Equal residuals 328.30 51 <.001 76.68 7 <.001 .11 .10 .67 .64 

Gender           

Equal form 119.39 34 <.001    .08 .05 .93 .89 

Equal loadings 121.67 39 <.001 2.30 5 .81 .07 .05 .94 .91 

Equal intercepts 132.74 44 <.001 11.47 5 .04 .07 .05 .93 .91 

Equal residuals 149.69 51 <.001 11.21 7 .13 .07 .06 .93 .92 

Site x Gender           

Equal form 93.60 68 .02    .04 .04 .97 .95 

Equal loadings 103.86 83 .06 10.04 15 .82 .04 .05 .98 .97 

Equal intercepts 240.79 98 <.001 147.79 15 <.001 .08 .08 .83 .81 

Equal residuals 422.44 119 <.001 104.53 21 <.001 .11 .11 .64 .66 

 

 

Sample Characteristics 

Numeracy skills differ by site, but not gender. As indicated in Table 2, there were large 

main effects of site (favouring children from HK) on the WRAT raw scores (F (1, 831) = 970.53, 

p < .001, ηp
2 = .54), standardised scores (F (1, 831) = 824.19, p < .001, ηp

2 = .50) and grade 

equivalent scores (F (1, 831) = 1115.53, p < .001, ηp
2 = .57). In contrast, main effects of gender 
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and site by gender interactions were not statistically significant for any of the WRAT variables 

(all ηp
2 < .01). 

EF skills differ by site, and sometimes by gender. Table 2 shows main effects of site 

(favouring children from HK) for all EF raw efficiency scores before being adjusted for age: 

inhibition (F (1, 830) = 114.84, p < .001, ηp
2 = .12); cognitive flexibility (F (1, 829) = 95.87, p < 

.001, ηp
2 = .10); working memory (F (1, 824) = 98.60, p < .001, ηp

2 = .11); and planning (F (1, 

828) = 40.24, p < .001, ηp
2 = .05). In addition, females had higher cognitive flexibility scores than 

males (F (1, 828) = 5.09, p = .02, ηp
2 = .01). No other main effects of gender or site by gender 

interactions were statistically significant (all ηp
2 < .01). 

SES differs by site, but not gender. In contrast with the between-site differences in 

children’s cognitive performances noted above, main effects of site for all SES scores (before 

being adjusted for age) were in the opposite direction (i.e., favouring children from UK, see 

Table 2): parental education (F (1, 831) = 264.74, p < .001, ηp
2 = .24), parental occupation (F (1, 

831) = 111.13, p < .001, ηp
2 = .12) and the family affluence score (F (1, 831) = 303.41, p < .001, 

ηp
2 = .28). Main effects of gender and site by gender interactions were not statistically significant 

for any of the SES scores (all ηp
2 < .01). There is a larger range for all of the SES scores from 

the HK site, which had scores at the lower range that did not occur in the UK data (see Table 3). 

Some parents from HK reported that their highest educational qualification was equivalent to 

elementary school (score = 1) or early secondary school (score = 2). The first group are likely 

immigrants from mainland China, the second group likely reflect that free, compulsory education 

beyond secondary school was only recently introduced in Hong Kong in recent decades. 

Importantly for this study, the patterns of SES scores for males and females were consistent 

within each site. 
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Table 2.  

Means and standard deviations on the raw data (unstandardized) for key variables for females, 

males and the overall sample from each site before adjusting for age. 

 HK  UK 

 All Female Male  All Female Male 

N 371 174 197 
 

464 231 233 

WRAT Raw Score (max = 55) 
45.50 
(3.85) 

45.43 
(3.70) 

45.56 
(3.99) 

 
34.53 
(5.81) 

34.08 
(5.36) 

35.07 
(6.20) 

WRAT Standardized Score 
128.80 
(11.31) 

128.63 
(9.99) 

128.95 
(12.39) 

 
99.62 

(16.72) 
98.79 

(15.40) 
100.45 
(17.94) 

WRAT Grade Equivalent 
12.57 
(1.83) 

12.53 
(1.71) 

12.61 
(1.93) 

 
6.52 

(3.10) 
6.16 

(2.70) 
6.88 

(3.41) 

EF: Inhibition 
145.54 
(54.57) 

149.98 
(56.98) 

141.62 
(52.18) 

 
109.44 
(43.37) 

109.49 
(42.15) 

109.39 
(44.63) 

EF: Cognitive Flexibility 
113.91 
(27.31) 

116.86 
(27.20) 

111.30 
(27.20) 

 
95.84 

(26.27) 
97.27 

(25.53) 
94.42 

(26.67) 

EF: Working Memory 
3.71 

(1.27) 
3.75 

(1.08) 
3.68 

(1.41) 

 
2.93 

(1.01) 
2.89 

(0.99) 
2.96 

(1.02) 

EF: Planning 
1.44 

(0.50) 
1.44 

(0.48) 
1.44 

(0.52) 

 
1.23 

(0.45) 
1.20 

(0.44) 
1.27 

(0.45) 

SES: Parental Education 
4.65 

(1.18) 
4.68 

(1.25) 
4.63 

(1.12) 

 
5.73 

(0.71) 
5.77 

(0.76) 
5.69 

(0.65) 

SES: Parental Occupation 
5.93 

(1.64) 
5.85 

(1.69) 
6.00 

(1.60) 

 
6.95 

(1.16) 
6.96 

(1.10) 
6.94 

(1.22) 

SES: Family Affluence Score 
9.59 

(3.56) 
9.74 

(3.58) 
9.45 

(3.55) 

 
13.61 
(3.08) 

13.45 
(3.03) 

13.77 
(3.12) 

Note – The WRAT (Wide Range Achievement Test) generated three different scores. All 

scores are reported here to provide information on the sample, but only the standardized 

score was used in the analyses. Parental Education and Occupation scores were based on a 

mean of scores from parents. EF data are efficiency scores with the raw scores reported 

here. These scores were then age-adjusted, standardized scores in the models.  
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Table 3.  

Frequency of the SES variable scores 

 HK UK 

 All Female Male All Female Male 

Total N 371 174 197 464 231 233 

Mean Parental Education Score 

1 13 6 7 0 0 0 
2 9 6 3 0 0 0 
3 26 10 16 4 1 5 
4 164 73 91 30 13 17 
5 88 41 47 275 135 140 
6 63 32 31 118 56 62 
7 8 6 2 36 23 13 

Mean Parental Occupation Score 

1 5 2 3 0 0 0 
2 15 11 4 2 1 1 
3 19 10 9 9 4 5 
4 33 10 23 15 6 9 
5 90 39 51 14 6 8 
6 89 46 43 180 90 90 
7 72 35 37 153 82 71 
8 37 18 19 60 30 30 
9 11 3 8 31 12 19 

Family Affluence Score 

1 to 2 4 0 4 0 0 0 
3 to 4 22 11 11 2 2 0 
5 to 6 57 27 30 4 2 2 
7 to 8 78 33 45 33 17 16 
9 to 10 71 31 40 47 24 23 
11 to 12 62 34 28 73 34 39 
13 to 14 46 22 24 120 66 54 
15 to 16 20 12 8 111 58 53 
17  to 18 11 4 7 74 28 46 

Notes – This count includes mean scores from .00 to .99, so for 1 that would be 1.00 to 1.99 
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Main Analysis 

Correlations between measures are not consistent across site and gender. 

Correlations between numeracy skills and the other measures are less frequently statistically 

significant for the HK data than the UK data (see Table 4; all correlations control for age). The 

inter-correlations for SES measures were largely consistent for HK males and females. but less 

so for UK males and females where only parental education and occupation was significant for 

both. Inter-correlations amongst EF measures were consistent for UK males and females, but 

less so for HK males and females.  

Links among EF, numeracy and SES differ by site for males, but not females. As 

shown in Figure 2 and Table 5, the most parsimonious model was different for UK males 

compared to HK females, HK males, and UK females. The most parsimonious UK male model 

was the full model tested, with EF mediating the link between SES and numeracy (Sobel test = 

2.48, SE = 0.08, p = .01. In contrast, EF and SES were independent predictors of numeracy for 

females from both sites and HK males.  
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Table 4.  

Correlations (controlling for age) of all measured variables by site and gender (males in black, 

females in gray). 

 1 2 3 4 5 6 7 8 

HK 

1. Numeracy  .31*** .39*** .08 .00 .12 .21 .15 

2. SES: Parental Education .21  .59*** .31*** .04 .07 .16 -.03 

3. SES: Parental Occupation .28** .52***  .29** -.05 .06 .06 -.01 

4. SES: Family Affluence .05 .24** .29***  .14 .16 .10 .17 

5. EF: Inhibition .08 .03 -.04 -.01  .31*** .07 .12 

6. EF: Cognitive Flexibility .21 .04 .01 -.06 .26**  .24* .00 

7. EF: Working Memory .37*** -.10 -.00 .02 .24* .20  .16 

8. EF: Planning .20 .00 .05 .08 .08 .23* .16  

UK         

1. Numeracy  .29*** .27*** .18 .17 .24** .20 .04 

2. SES: Parental Education .39***  .47*** .07 .10 .09 .04 -.02 

3. SES: Parental Occupation .34*** .61***  .19 -.10 -.02 .00 .02 

4. SES: Family Affluence .10 .19 .23**  .04 .14 .00 .04 

5. EF: Inhibition .26*** .26*** .20* -.01  .38*** .19 .08 

6. EF: Cognitive Flexibility .40*** .23** .17 .07 .43***  .28*** .22* 

7. EF: Working Memory .34*** .11 .14 .05 .28*** .42***  .20* 

8. EF: Planning .24** .03 .07 .04 .18 .27*** .41***  

Notes - bolded items are statistically significant, * p < .05, ** p < .01, *** p < .001; Holm 

correction used to account for multiple testing. 

  



SES EXECUTIVE FUNCTIONS AND MATH  21 

 

   

   

Figure 2. The most parsimonious models resulting for males and females in HK and UK for the 

main analysis, with the standardized parameter estimates.  
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Table 5.  

Main Analysis: Full and nested models for each site and gender.  

 HK Female HK Male UK Female UK Male 

Model 1: Full model 

2 (17) 28.15, p = .04 18.82, p = .34 25.10, p = .09 21.53, p =.20 

Model 2: Tau equivalence for SES 

2 (19) 59.95, p < .001 43.33, p = .001 43.10, p = .001 52.34, p < .001 

2 (2) 20.84, p < .001 15.63, p < .001 13.7, p = .001 29.24, p < .001 

Model 3: Tau equivalence for EF 

2 (20) 33.29, p = .03 30.36, p = .06 32.22, p = .04 33.38, p =.03 

2 (3) 4.81, p = .19 8.65, p = .03 6.81, p = .08 14.07, p = .003 

Model 4: Remove correlated residual 

2 (18) 37.75, p = .004 24.20, p = .15 27.06, p = .08 28.23 p = .06 

2 (1) 6.89, p = .01 6.61, p = .01 2.70, p = .10 8.12, p = .004 

Model 5: Remove SES  EF 

2 (18) 30.62, p = .03 18.53, p = .40 25.25, p = .12 31.59, p = .03 

2 (1) 2.05, p = .15 0.03, p = .86 0.19, p = .66 8.54, p = .003 

Model 6: Tau equivalence for EF, remove SES  EF 

2 (21) 34.74, p = .03 30.37, p = .09 32.28, p = .06 45.15, p = .002  

2 (4) 6.59, p = .16 9.00, p = .06 7.21, p = .12 25.38, p < .001 

Model 7: Tau equivalence for EF, remove SES  EF and SES  Numeracy 

2 (22) 60.54, p < .001 47.79, p = .001 57.91, p < .001 75.40, p < .001 

2 (5) 27.49, p < .001 23.88, p < .001 26.33, p < .001 64.99, p < .001 

Model 8: Tau equivalence for EF, remove correlated residual and SES  EF  

2 (23) 68.18, p < .001 31.90, p = .08 39.92, p = .01 53.44, p < .001 

2 (5) 34.30, p < .001 11.10, p = .049 14.34, p = .01 31.56, p < .001 

Notes – all 2values do not use robust methods to allow for 2 comparisons; all model 

comparisons (2) were made with Model 1.  
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Table 6.  

Main Analysis: Goodness of Fit Indices for each site and gender.  

 HK Female HK Male UK Female UK Male 

Preferred Model 6 6 6 1 

2 34.74 30.37 32.28 21.53 

CFI .92 .94 .94 .99 

TLI .89 .92 .92 .98 

AIC 3618 4264 4217 4326 

BIC 3618 4265 4222 4330 

RMSEA .06 .05 .05 .03 

SRMR .07 .06 .06 .05 

Notes - CFI: Comparative Fit Indie, TLI: Tucker-Lewis Index; AIC: Akaike; BIC: sample-size 

adjusted Bayesian; RMSEA: Root Mean Square Error of Approximation; SRMR: 

Standardized Root Mean Square Residual. 

 

 

Follow Up Analysis 

The main analyses were a test of the cultural universality of Lawson and Farah (2017). 

After running these analyses, we were encouraged to consider whether general cognitive ability 

(sometimes referred to as intelligence and not included in Lawson & Farah’s models) played a 

role in our findings. This suggestion was motivated by the long-standing debate about the 

distinctive role that EF might play above and beyond general cognitive ability (e.g., Blair, 2006; 

Engelhardt, et al., 2016; Friedman et al., 2006; Royall & Palmer, 2014) and the long history of 

studying effects of SES on intelligence or the effects and interactions that both can have on 

academic achievement (e.g., Strenze, 2007; Tucker-Drob & Bates, 2016; von Stumm, 2017; von 
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Stumm & Plomin, 2015). Furthermore, Corso and colleagues (2016) found that executive 

functions play an important role when looking at SES influences on intelligence and reading 

comprehension with a sample of 110 children from Brazil (ages 9 to 12 years). We could not find 

another study that explored these mediation effects with numeracy skills.  

As part of the larger study, we collected general cognitive ability using the Raven’s 

Standard Progressive Matrices (Raven, 1998; 2000) and conducted follow-up analyses to test 

whether our initial results hold when adding in general cognitive ability (see Figure 3). Five UK 

participants (3 males) had missing Ravens data, they were excluded from the follow-up 

analyses. As with the main analyses, correlations and models use only age-adjusted scores. 

 

 

Figure 3. The theoretical model tested across the four groups (UK male, UK female, HK male, 

HK female) as part of the follow-up analysis. The correlated residual was included based on 

preliminary analyses of the data. All other connections were determined a priori. 
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General Cognitive Ability scores differ by site and gender. As indicated in Table 7, 

there were small main effects of site (favouring children from HK) on the Ravens raw scores (F 

(1, 826) = 48.32, p < .001, ηp
2 = .06), percentile scores (F (1, 826) = 18.86, p < .001, ηp

2 = .02) 

and age equivalent scores (F (1, 826) = 35.96, p < .001, ηp
2 = .04). In addition, there were small 

main effects of gender (favouring females) on the Ravens raw scores (F (1, 826) = 13.88, p < 

.001, ηp
2 = .02), percentile scores (F (1, 826) = 12.07, p = .001, ηp

2 = .01) and age equivalent 

scores (F (1, 826) = 14.57, p < .001, ηp
2 = .02). The gender by site interaction was not 

statistically significant for any of the Ravens variables (all ηp
2 < .005). 

General Cognitive Ability correlations differ by site and gender. Overall, there were 

fewer statistically significant correlations for the participants from HK compared to UK (see Table 

7, correlations controlled for age). Ravens was correlated with numeracy for all groups (r = .26 to 

.61) and working memory for both UK genders and HK males (r = .27 to .36).  

Again, links among EF, numeracy and SES differ by site. After adding general 

cognitive ability UK females now look like UK males (see Figure 4, Tables 8 and 9). The key 

variation between the follow-up and main analysis is that the direct link between SES and EF 

has been replaced by an indirect link through general cognitive ability. Again, HK males and 

females were very similar to each other and differed from UK males and females. In addition, 

SES predicts general cognitive ability for UK males and females, where it does not for HK males 

and females. Although general cognitive ability does play an important role in the follow-up 

models, strong EF-numeracy links are still present for all groups.  

  



SES EXECUTIVE FUNCTIONS AND MATH  26 

Table 7.  

Means (standard deviations) and correlations by site and gender for the general cognitive ability 

and the main analysis measures. 

 HK  UK 

 All Female Male  All Female Male 

N 371 174 197  459 229 230 

Means (standard deviation) 
       

RAVENS Raw Score (max = 60) 44.48 
(7.97) 

46.05 
(6.72) 

43.10 
(8.72) 

 40.46 
(8.96) 

39.73 
(9.59) 

41.19 
(8.24) 

RAVENS Percentile Score 52.92 
(30.64) 

58.43 
(29.03) 

48.06 
(31.27) 

 43.87 
(31.41) 

41.57 
(32.22) 

46.19 

(30.47) 

RAVENS Age Equivalent 18.46 
(3.30) 

19.03 
(2.50) 

17.95 
(3.80) 

 16.78 
(4.67) 

16.23 
(5.00) 

17.33 
(4.25) 

Correlation with other measures        

Numeracy  .26* .39***   .52*** .61*** 

SES: Parental Education  .10 .01   .21* .36*** 

SES: Parental Occupation  .15 -.01   .10 .31*** 

SES: Family Affluence  .04 -.05   .19 .04 

EF: Inhibition  .06 .20   .19 .24** 

EF: Cognitive Flexibility  .15 .14   .29*** .39*** 

EF: Working Memory  .21 .36***   .27*** .27*** 

EF: Planning  -.14 .20   .13 .17 

Notes – correlations use age-adjusted data (percentile score from Ravens, standardized 

score from WRAT, age-adjusted EF and SES scores); bolded items are statistically 

significant, * p < .05, ** p < .01, *** p < .001 
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Figure 4. The most parsimonious models resulting for males and females in HK and UK for the 

follow-up analysis, with the standardized parameter estimates. 
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Table 8.  

Follow-up Analysis: Full and nested models for each site and gender.  

 HK Female HK Male UK Female UK Male 

Model 1: Full Model 

2 (22) 39.09, p =.01 22.32, p = .44 30.60, p = .11 25.26, p = .29 

Model 2: Tau Equivalence for SES 

2 (24) 71.14, p < .001 47.01, p = .003 47.58, p = .003 56.59, p < .001 

2 (2) 21.06, p < .001 15.99, p < .001 12.68, p = .002 32.17, p < .001 

Model 3: Tau Equivalence for EF 

2 (25) 47.12, p =.01 36.79, p = .06 38.53, p = .04 37.97, p = .047 

2 (3) 7.22, p = .07 10.43, p = .02 7.43, p = .06 14.61, p = .002 

Model 4: Remove Correlated Residual 

2 (25) 49.00, p = .001 22.94, p = .22 33.88, p = .07 29.95, p = .15 

2 (3) 6.27, p = .01 6.84, p = .01 4.05, p = .04 5.33, p = .02 

Model 5: Remove SES  EF 

2 (23) 40.56, p = .01 22.35, p = .50 30.90, p = .13 27.90, p = .27 

2 (1) 1.31, p = .25 0.02, p = .88 0.45, p = .50 2.55, p = .11 

Model 6: Tau Equivalence for EF, remove SES  EF 

2 (26) 48.07, p = .01 36.81, p = .08 38.97, p = .049 41.23, p = .03 

2 (4) 8.77, p = .07 11.09, p = .03 8.66, p = .07 17.75, p = .001 

Model 7: Remove SES  EF and SES  General Cognitive Ability 

2 (24) 44.26, p = .01 22.37, p = .56 37.65, p =.04 61.31, p < .001 

2 (2) 4.10, p = .13 0.03, p = .98 7.61, p = .02 34.30, p < .001 

Model 8: Tau equivalence for EF, remove SES  EF and SES  General Cognitive Ability 

2 (27) 51.78, p = .003 36.82, p = .10 45.76, p = .01 74.63, p < .001 

2 (5) 11.51 p = .04 11.32, p = .045 15.00, p = .01 53.15, p < .001 

Model 9: Remove SES  EF, SES  General Cognitive Ability, SES  Numeracy and 
General Cognitive Ability  Numeracy 

2 (26) 70.61, p < .001 44.04, p = .02 73.84, p < .001 104.78, p < .001 

2 (4) 25.72, p < .001 20.02, p < .001 33.03, p < .001 94.57, p < .001 
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Table 8 Notes - all 2values do not use robust methods to allow for 2 comparisons; all model 

comparisons (2) were with Model 1. Removing any other links produced significant 2 results 

for all sites and genders. A model removing SES  EF, SES  General Cognitive Ability, SES 

 Numeracy produced similar results to Model 9. Similarly, incorporating tau equivalence for EF 

with Model 9 produced similar results as Model 9. 

 

 

Table 9.  

Theoretical Model 2: Goodness of Fit Indices (using robust methods) for each site and gender.  

 HK Female HK Male UK Female UK Male 

Preferred Model 7 7 5 5 

2 44.26 22.37 30.90 27.90 

CFI .99 1.00 .97 .99 

TLI .83 1.00 .95 .98 

AIC 4078 4770 4732 4827 

BIC 4078 4772 4738 4834 

RMSEA .07 .00 .04 .03 

SRMR .07 .04 .05 .05 

Notes: CFI: Comparative Fit Indie, TLI: Tucker-Lewis Index; AIC: Akaike; BIC: sample-size 

adjusted Bayesian; RMSEA: Root Mean Square Error of Approximation; SRMR: Standardized 

Root Mean Square Residual 
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Discussion 

Our results contribute three key findings: (1) EF consistently predicts numeracy skills 

across sites and genders; (2) Associations between SES and EF differ by site and gender; and 

(3) SES-EF associations with numeracy skills also differ by site and gender. Below, we discuss 

each of these findings in turn. 

EF Consistently Predicts Numeracy Skills Across Sites and Genders 

Our finding of consistent links between EF and numeracy skills across both sites and 

genders follows the results of previous studies with older children (e.g., Lan et al., 2011; Ng et 

al., 2015), even after accounting for general cognitive ability. This consistency of associations 

between EF and numeracy skills across our two study sites and genders is striking for at least 

two reasons. First, HK children out-perform their UK counterparts on both EF and numeracy. 

Ellefson et al. (2017) reported 2-year gap difference in EF skills for this sample. Here, the grade 

equivalent scores indicate a 6-year gap for numeracy skills (and a 2-year-gap for general 

cognitive ability). The similarity in associations between individual differences in these two 

measures suggests that EF skills are salient for numeracy across a wide range of ability levels. 

Second, it is well recognized that schools in the UK and HK adopt different pedagogical 

strategies, (e.g., Fan et al., 2017; Forestier & Crossley, 2015). For example, HK teachers tend to 

adopt a more direct, whole-class instruction followed by arithmetic practice problems (Mok & 

Morris, 2001). These differences might be predicted to affect the strength of association between 

EF and numeracy. However, the data reported here suggest this link may be culturally universal.  

Associations Between SES and EF Differ by Site and Gender 

In contrast to Lawson et al.’s (2018) meta-analytic findings indicating a consistent 

association between EF and SES, our four best-fitting models indicated that this association is 

only statistically significant for UK males. Furthermore, that direct link appears to be mediated by 

general cognitive ability. Here, two points deserve note. First, with regards to the UK dataset, the 

finding that EF performance varies significantly with SES for males but not females is consistent 
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with the wider view that educational effects of social disadvantage might be especially marked in 

males (e.g., Cobb-Clark & Moschion, 2017; Ridge et al., 2017). However, the follow up analyses 

indicate that both males and females from the UK show indirect effect from SES to EF through 

general cognitive ability. Finally, with regards to the HK sample, the lack of a significant 

association between SES and EF or between SES and general cognitive ability is somewhat 

consistent with earlier studies showing small effect size links (e.g., Philipson, 2009; Wang et al., 

2016).  

The vast majority of published studies (those in the meta-analysis and Lawson and Farah, 

2017) use a sample recruited from the USA and those studies have not looked at whether SES 

effects on EF are consistent for males and females. In the current study, if we did not need to 

follow the results of the measurement invariance analysis and split the sites by gender, then the 

SES and EF links would have been statistically significant for the UK. Splitting by gender 

indicates that the mediation is driven by UK males and might not be universal across gender as 

well as across site. However, these results could have been influenced by the distribution of 

SES scores being slightly skewed towards the middle end. Continued efforts to run studies with 

participants from a diverse set of SES backgrounds is important for understanding how SES 

influences cognitive development. 

An alternative explanation could be that the non-significant links between SES and EF for 

UK females and HK males and females are driven by the computerized nature of the EF tasks. 

Lawson and Farah’s (2017) findings of a significant link between SES and EF for a sample from 

USA also used computerized tasks, but Wang et al. (2016) and Phillipson (2009) used 

researcher-administered tasks. Lawson et al.’s (2018) meta-analysis of SES and EF includes 

tasks that use both researcher- and computer-administered EF tasks. A recent survey indicates 

that male and female adolescents use technology differently in a sample from the USA 

(Anderson & Jiang, 2018). Possible variation in usage patterns across site and gender could 
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have influenced our results. Further work is needed to determine whether the way EF skills are 

measured influence how it links to SES.  

SES-EF Associations with Numeracy Skills Differ by Site and Gender  

Our models indicate that predictors of numeracy skills are consistent across sites for 

females, but the results for males differ across sites and with females. Specifically, SES and EF 

are independent predictors of numeracy skills for the HK participants and UK females. In 

contrast, UK male results indicated that EF mediates the link between SES and numeracy skills 

even when accounting for general cognitive ability. In contrast, UK females now looks like UK 

males, with SES influencing EF skills indirectly through general cognitive ability for both groups. 

Considered together, the findings suggest that the cognitive and academic skills of UK males 

might be most affected by SES, followed by the other groups.  

 As detailed elsewhere (Ellefson et al., 2017), the parents in our sample also completed a 

relatively lengthy set of EF tasks and so, to minimize the burden upon participants, we did not 

include detailed measures of the home learning environment or other SES-related factors that 

might have contributed to our findings. Further studies that gather richer information about SES 

influences on EF and numeracy skills in these or other international sites would be a valuable 

direction for future cross-cultural studies as they could better inform intervention programs aimed 

at the most vulnerable across societies.  

Conclusion 

Ours is the first published study to explore in a large sample whether the links between 

SES, EF and numeracy skills are consistent across genders in HK and the UK. Our aim was to 

further the discussions on the cultural universality of EF as a possible mediator of the 

association between SES and numeracy and to directly investigate whether these links are 

consistent across genders. Studies comparing additional sites will help to explore this idea 

further (e.g., comparing HK to mainland China). Together with previous findings, our results 

suggest that associations between SES, EF and numeracy skills may be culture specific and 



SES EXECUTIVE FUNCTIONS AND MATH  33 

indicate that cultural insights may enable impactful shifts in public policy to narrow the 

achievement gap between children from affluent and disadvantaged families.   
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