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Childhood socioeconomic status (SES) is strongly predictive of math achievement in early
childhood and beyond. In this study, we aimed to further our understanding of the
mechanisms underpinning the SES-achievement gap by examining whether two
aspects of self-regulation—executive functions (EF) and behavioral self-regulation
(BSR)—mediate between SES and math achievement. Using data from a longitudinal
study in Singapore (n � 1,257, 49% males), we examined the predictive link from SES to
math achievement at entry to formal education (age 7), and the role of EF (child-assessed)
and BSR (child-assessed and teacher-rated) as mediators of the SES-math achievement
relationship. After accounting for children’s non-verbal reasoning and prior math
achievement, EF and BSR (both child-assessed) emerged as significant partial
mediators between SES and math. A key contribution of our study is in demonstrating
that both components of self-regulation play a small role in explaining SES disparities in
math achievement. Our findings further suggest that a balanced focus on enhancing EF
and BSR skills of children from low-SES families may help to attenuate the SES-math
achievement gap. More generally, our research contributes new insights to the ongoing
debate about the theoretical distinctions between EF and BSR.
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INTRODUCTION

Family socioeconomic status (SES) is negatively associated with the development of children’s
mathematics skills. As mathematical skills are strongly predictive of health, wealth, and SES in
adulthood (Ritchie and Bates, 2013), early math achievement gaps may perpetuate the cycle of
inequality. Thus, it is important to understand the pathways by which SES is associated with
mathematical skills early in development. A growing body of evidence suggests that two domain-
general factors related to self-regulation, executive functions (EF; Ellefson et al., 2020; Waters et al.,
2021) and behavioral self-regulation (BSR; Sektnan et al., 2010) play a mediating role between SES
and math achievement. However, these studies have considered the role of EF and BSR in isolation.
Given the conceptual overlap between EF and BSR, it remains unclear whether each skill uniquely
mediates the SES-achievement gap in mathematics when they are considered together. In this study,
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we investigate the relations among family SES at age 5 (the first
year of kindergarten), EF and BSR at age 6 (the second year of
kindergarten), and children’s math achievement at age 7 (at entry
to primary school). We also examine whether EF and BSR,
representing different aspects of self-regulation, uniquely
mediates the SES-achievement gap in math at entry to
primary school. Findings would add to the literature about the
distinction between EF and BSR, as well as our understanding of
the skills that underlie early academic disparities.

Executive Functions and Behavioral
Self-Regulation Skills
Executive functions (EF) refer to cognitive processes involved in
intentionally controlling one’s attention, thinking, behaviors, and
impulses to perform goal-directed actions (Huizinga et al., 2006). It
is commonly conceptualized as a multi-componential framework
including cognitive flexibility, inhibition, and working memory (Lee
et al., 2013). Cognitive flexibility refers to the ability to shift between
alternative sets of mental operations, inhibition is the ability to resist
interference from competing or prepotent responses, and working
memory refers to the ability to refresh andmaintain information in the
presence of new knowledge (Miyake et al., 2000). Behavioral self-
regulation (BSR) is defined as “deliberately applying multiple
component processes of . . . (EF) to overt, socially contextualized
behaviors” (McClelland et al., 2014; p. 2). Within school settings,
children use BSR to control their behavior, remember instructions, pay
attention, and complete tasks, which facilitate the learning process
(McClelland and Cameron, 2012; Blair and Raver, 2015).

Executive functions and BSR are components of self-
regulation, a multi-dimensional construct that describes the
ability to control thoughts, feelings, actions, and emotions
(Blair and Raver, 2015). On the theoretical level, within the
early childhood literature, EF and BSR are viewed as distinct,
but conceptually interrelated and overlapping skills (Duncan
et al., 2017; Anthony and Ogg, 2019; Compagnoni et al.,
2019). For example, Compagnoni et al. (2019) conceptualized
EF as a set of domain-general abilities that correlates with and
supports BSR as a context-specific developing skill set; BSR is also
often viewed as the behavioral manifestation of EF (e.g., Becker
et al., 2014). Thus, EF can be thought of as the same set of skills or
as antecedent skills that contribute towards BSR. On the other
hand, the manifestation of BSR skills requires the ability to first
integrate or coordinate different aspects of EF, and second, to do
so in accordance with varying social contexts. Thus, BSR can
arguably be considered as a separate skill set with different
trajectories, predictors, and outcomes from EF.

On the operational level, EF and BSR can be distinguished in
terms of their measurement tools. Typically, EF skills are assessed
using laboratory-based, direct performance measures of
components of EF, such as the Flanker task for inhibition
(Fan et al., 2002), Dimensional Change Card Sort for cognitive
flexibility (Diamond et al., 2005), and Listening Recall for
working memory (Alloway, 2007). Behavioral self-regulation
can be assessed using direct performance measures (e.g., the
Head-Toes-Knees-Shoulders task; McClelland et al., 2014) or
informant (e.g., teacher or self) ratings. The latter

complements direct assessment methods by assessing
children’s ability to demonstrate BSR in a social context such
as the classroom (e.g., the Child Behavior Rating Scale; Bronson
et al., 1995) and other everyday settings (e.g., the Behavior Rating
Inventory of Executive Function; Gioia et al., 2000). In some
studies, different terms are used to refer to informant ratings of
children’s BSR skills, e.g., teacher ratings on children’s
approaches to learning (Li-Grining et al., 2010) and learning-
related behaviors (Anthony and Ogg, 2019).

Going from a task such as Listening Recall to Head-Toes-
Knees-Shoulders to the Child Behavior Rating Scale increasingly
taps upon the child’s ability to integrate component EF processes
and to apply it appropriately according to the demands of specific
social settings. These categories of measures can thus be viewed as
tapping qualitatively different sets of skills, on both theoretical
and operational levels. While there appears to be some agreement
about the conceptual overlap between EF and BSR, the empirical
literature provides mixed views about the relations among these
constructs: EF and BSR have been found to share overlapping
variance, though correlations between scores on these measures
tend to vary in the low-to-moderate range (McClelland et al.,
2014; Duncan et al., 2017; Finders et al., 2021).

During the transition to formal schooling, self-regulation skills
are particularly important to help children adapt to learning in a
more structured classroom setting (Neuenschwander et al., 2012).
The cognitive control skills assessed by EF tasks may be beneficial
for holding task-specific instructions in memory, remembering a
sequence of steps to solve a problem, or inhibiting and switching
between procedural strategies. In contrast, BSR likely plays a
more general role in supporting engagement in learning
opportunities, e.g., via persistence to continue working on
difficult tasks, ignoring distractions in the classroom, and
refraining from disruptive or inappropriate behaviors.

Specific to math achievement, both EF and BSR (measured
using direct performance measures and teacher reports) have been
identified as key factors promoting children’s concurrent and later
math achievement (Duncan et al., 2007; Li-Grining et al., 2010;
McClelland et al., 2014; Sasser et al., 2015; Lee and Bull, 2016;
Morgan et al., 2019). For example, Morgan et al. (2019) found that
all three aspects of kindergartner’s EF skills (cognitive flexibility,
working memory, and inhibition) positively predicted second
grader’s mathematics achievement in a longitudinal and
nationally representative sample from the United States. Sasser
et al. (2015) showed that pre-kindergarten BSR significantly
predicted kindergarten and first grade math outcomes. Some
studies have found that both EF and BSR uniquely predict
children’s math achievement (Fuhs et al., 2015; Beisly et al.,
2020). There is also some evidence suggesting that EF indirectly
affects math achievement through BSR (Nesbitt et al., 2015), or that
EF and BSR moderate the relationship between variables such as
SES and math achievement in different ways (Beisly et al., 2020).

SES and Children’s Math and
Self-Regulation Skills
Broadly defined, SES refers to an individual’s access to economic
and social resources and the privileges that derive from these
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resources (McLoyd, 1998; Bradley and Corwyn, 2002). It is
typically assessed using measures of parental education,
income, and occupation (Duncan and Magnuson, 2012).
Socio-economic status is a robust predictor of children’s
developmental outcomes. Positive associations between SES
and children’s cognitive and academic outcomes have been
documented across a wide age range, from kindergarten until
the later schooling years (Bradley and Corwyn, 2002; Noble et al.,
2007; Aikens and Barbarin, 2008; Mistry et al., 2010; Lawson and
Farah, 2015).

In the math domain, SES differences emerge early during
preschool, with studies showing that children from low-SES
backgrounds perform more poorly than their higher-SES peers
on counting, adding, subtracting, and comparing magnitudes
(Starkey et al., 2004; Jordan et al., 2006; Elliott and Bachman,
2018). In larger studies utilizing the Early Childhood
Longitudinal Study-Kindergarten Class of 1998–99 (ECLS-K:
1999), differences of more than 1 SD in kindergarten
mathematics scores were reported between children from the
lowest SES quintile compared to the highest (Burkam et al., 2004;
Duncan and Magnuson, 2012). Evidence also suggests that SES
disparities in math during early childhood persist and widen
throughout later childhood and adolescence. For example, a
meta-analytic study Sirin (2005) found that student’s grade
level moderated the SES-math achievement relationship,
whereby effect sizes increased from kindergarten (0.19) to
elementary school (0.27) and middle school (0.31). There is
also evidence showing that initial SES-related math deficits at
kindergarten are associated with slower growth in math abilities
from first to third grade (Jordan et al., 2006).

Children’s SES is significantly associated with their EF skills
(Sarsour et al., 2011; Dilworth-Bart 2012; Little, 2017), with a
recent meta-analysis reporting a small-to-medium relationship
(r � 0.22) in socioeconomically diverse populations (Lawson
et al., 2018). These findings were obtained using composite or
latent measures of EF as well as individual EF components
(Hackman et al., 2015). Evidence also indicates that the
strength of the SES-EF relationship is stable across early and
middle childhood (e.g., Hackman et al., 2015; Lawson et al.,
2018). Similarly, SES is linked to children’s BSR. McClelland and
colleagues have shown that children aged 3–5 years with low BSR
(assessed using direct measures and teacher ratings) were more
likely to have parents with lower educational attainment
compared to their peers (McClelland et al., 2000; McClelland
et al., 2007). Similarly, Sektnan et al. (2010) reported a positive
association between maternal education and children’s BSR
(teacher-rated and parent-rated) in first grade.

The mechanisms underlying the effects of SES on children’s
developmental outcomes are complex andmulti-faceted. Families
from low-SES backgrounds face a variety of daily stressors (e.g.,
lack of job stability, poor housing conditions, living in unsafe
neighborhoods), which can lead to high levels of psychological
distress and conflict within family members (Duncan et al., 2017).
These families also lack financial and material resources because
of economic hardship and financial instability (Duncan et al.,
2017). The confluence of these factors creates systematic barriers
that make it difficult for parents to provide enriching home and

childcare environments as well as high quality, nurturing
caregiving to their children (Domina and Roksa, 2012;
Duncan and Magnuson, 2012). Studies have shown that
parents from higher SES backgrounds are more likely to
provide cognitively stimulating learning materials and
activities at home, as well as more responsive and consistent
caregiving (Votruba-Drzal, 2003; Raviv et al., 2004; Magnuson
et al., 2009; Dilworth-Bart, 2012). These high-quality caregiving
strategies and home learning environments support the
development of children’s EF and math skills (Zadeh et al.,
2010; Sarsour et al., 2011; Elliott and Bachman, 2018). In
contrast, exposure to highly stressful environments may be
associated with elevated levels of chronic stress, which
contribute to lower levels of EF in children (Blair and Raver,
2012). In terms of BSR skills, it has been suggested that children
from low-SES backgrounds are exposed to a variety of risk factors
(e.g., fewer resources at home, unsafe neighborhoods), which
reduces their exposure to learning contexts that promote BSR and
opportunities to practice these skills (Evans and Rosenbaum,
2008). Sektnan et al. (2010) also proposed that growing up in low-
SES, high-risk environments might lead children to develop BSR
strategies that are maladaptive in classroom settings.

Self-Regulation Skills as Mediators
Between SES and Math Achievement
Building on previous findings and the proposed mechanisms
underlying SES differences in EF, BSR, and math skills,
researchers have speculated that EF and BSR may partially
explain the SES-math achievement gap. Specifically, within the
context of better-quality caregiving and home learning
environments, children from high-SES families have more
opportunities to develop their EF and BSR skills compared to
their peers from low-SES families. In turn, children with higher
EF and BSR skills are likely better able to process and remember
information as well as to maintain their focus, which facilitates
the acquisition of math knowledge and skills in school. Consistent
with this hypothesis, many studies have found that EF partially
mediated the link between SES and math achievement in
preschoolers, kindergartners, and adolescents (Dilworth-Bart,
2012; Fitzpatrick et al., 2014; Lawson and Farah, 2015; Waters
et al., 2021). One study Nesbitt et al. (2013) found that EF fully
mediated the link between SES and Grade 1 math achievement. A
smaller number of studies have also found a significant mediating
role for BSR (Sektnan et al., 2010; Zhang et al., 2019).

Taken together, previous findings show that SES predicts
children’s EF and BSR, as well as math achievement. Each
aspect of self-regulation also plays a partial mediating role
between SES and children’s math achievement. However, given
the overlapping variance between EF and BSR, it is surprising that
few studies have considered whether each of these skills offers a
unique contribution to accounting for the SES achievement gap in
math. One exception is the recent study by Finders et al. (2021)
which examined whether EF explained any additional proportion
of the achievement gap after accounting for BSR. Finders et al.
(2021) included two measures of EF as indicators of cognitive
flexibility (the Dimensional Change Card Sort) and working
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memory (the Numbers Reversed task) as well as teacher ratings of
BSR (the Child Behavior Questionnaire). The study found that
both EF and BSR skills independently contributed to math
achievement gaps in kindergarten, with EF continuing to
predict performance gaps at third grade.

An important contribution of Finders et al. (2021) study is the
finding that different aspects of self-regulation uniquely predict
math achievement gaps among children from economically
disadvantaged families. However, there are some outstanding
issues to consider. First, only two aspects of EF were assessed
(i.e., cognitive flexibility and working memory) using individual
tasks. This provides a relatively imprecise and incomplete
assessment of EF. Using multiple measures of EF (including
tasks that tap inhibition) would provide a more precise
measurement of EF skills by extracting common variance
across tasks to minimize issues related to task impurity (Lee
et al., 2013; Duncan et al., 2017). In the current study, we
employed the latent factor approach to assess children’s EF skills.

In the studies reviewed above, SES was measured either using
single indicators (e.g., household income) or composite measures
(e.g., combination of income and parental education). A growing
body of evidence points to parental education attainment as the
most powerful predictor of children’s cognitive and academic
outcomes (Magnuson et al., 2009; Harding et al., 2015; Davis-
Kean et al., 2021;Waters et al., 2021). More educated parents tend
to have access to a greater number of resources and provide their
children with more stimulating activities, toys, books, and
educational opportunities both in and outside the home
(Cebolla-Boado et al., 2017; Davis-Kean et al., 2021). As
evidence suggests that mothers’ education may be more
influential than father’s education for early learning and
development (Cebolla-Boado et al., 2017; Conway et al., 2018),
we defined SES in terms of maternal education in the
current study.

Recent findings suggest that the associations between SES and
self-regulation skills may vary according to sociocultural
contexts. For example, in a recent study with 9- to 16-year-
olds, SES significantly predicted EF skills in a Western sample
from United Kingdom, but not in an Asian sample from Hong
Kong (Ellefson et al., 2020). In another study involving 6-year-
olds, SES significantly influenced children’s BSR in the
United States’ sample but not in the Norwegian sample (Lenes
et al., 2020). In line with the bioecological model of development
(Bronfenbrenner and Morris, 2006), these findings suggest that
cultural differences in beliefs or ideologies may influence the role
of sociodemographic factors on children’s socialization practices
(e.g., parent’s and teacher’s expectations) and development
(Lenes et al., 2020). Our study expands on this work by
examining the associations between SES and self-regulation
skills in an Asian sample from Singapore.

Study Aims
The current study has two aims for gaining a better understanding
of the cognitive underpinnings of poor math achievement in
children from low SES families. The first aim is to examine the
contributions of SES, EF, and BSR to math achievement in a
sample of preschool children in Singapore. The second aim is to

examine whether different aspects of self-regulation uniquely
mediate the SES-achievement gap in math. As suggested by
Sektnan et al. (2010), we also investigated whether direct
performance measures and teacher ratings of BSR each
captured a unique perspective of children’s skills and
independently mediated the SES-achievement gap. Whilst direct
performance measures of BSR have been found to associate well
with ratings of real-world self-regulatory behaviors (e.g., Howard
et al., 2019), these different types of assessment may also capture
something unique about children’s ability to use BSR in different
contexts. Specifically, direct performance measures may capture
single moments of BSR in highly structured one-to-one situations
(often with an unknown researcher) whereas teacher ratings
capture children’s ability to apply BSR in ecological settings
across different contexts and time. Additionally, the use of a
direct performance measure of BSR allows us to consider
whether differences in the predictive role of EF and teacher-
rated BSR might be due to the type of measurement instrument.

Our study also expands on previous work by examining
whether the associations between SES and self-regulation skills
in an Asian sample correspond to findings in Western and
European samples (Ellefson et al., 2020; Lenes et al., 2020).
Given recent evidence of cross-cultural differences in these
associations, it is important to investigate whether prior
findings regarding the mediating role of EF and BSR in the
SES achievement gap applies to Singapore, a multicultural
society which has a strong emphasis on a culture of hard
work, filial piety, and respect for scholarship and learning.
Such beliefs clearly influence parenting practices and
expectations of children’s self-regulatory behaviors (see
Schirmbeck et al., 2020). In addition, attendance at preschool
in Singapore is highly subsidized for lower income families, which
has helped to ensure that approximately 95% of children attend
up to 2 years of preschool before formal education starts the year
children turn 7 (Bull and Bautista, 2018). There are also
government-level initiatives that provide community-based
learning, development, and health support services to children
from low-income families. For example, the KidSTART program
equips parents with skills so their children can benefit from warm
and nurturing relationships, achieve age-appropriate and holistic
child development, and have a safe and secure home environment
(KidSTART Singapore, 2020). Such a combination of shared
cultural values, equitable access to preschool education of a
reasonable level of quality (Tan, 2017), and targeted initiatives
to help low-income families may result in weaker relationships
between SES and self-regulation skills in Singapore compared to
other cultural contexts.

In consideration of the literature, we hypothesized that SES,
EF, and BSR skills would predict math achievement at P1.We also
hypothesized that EF and BSR skills would partially mediate the
association between SES and math achievement at P1. However,
considering the specific context of Singapore as described above,
the strength of the mediation effects may be weaker compared to
the effects reported in other cultural contexts. Given the lack of
previous work comparing the predictive roles of teacher-rated
BSR and child-assessed BSR, we did not formulate specific
hypotheses about the predictive strength of these variables.
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MATERIALS AND METHODS

Participants
This paper draws on data from a longitudinal study examining
the impact of preschool experiences on children’s developmental
outcomes in Singapore. Participating children’s parents provided
informed consent. The author’s university institutional review
board provided ethics approval. The total sample comprised
1,537 children recruited from 80 preschools across a range of
social strata. The sample used for this study consisted of 1,257
children recruited into the study at the beginning of their first
year of kindergarten; the remaining 280 children were recruited
later and thus did not complete the assessments conducted in
Wave 1 (see Procedure). After excluding those with the presence
of learning or developmental issues (19 children), high
(>42 weeks) or low (<34 weeks) gestational duration (26
children) and missing data on these variables (175 children),
the final sample comprised 1,037 children. The sample generally
reflected the population composition of Singapore (Department
of Statistics, 2015). Of the 1,037 children, 504 (48.6%) were males.
In terms of ethnicity, 63.7% were Chinese, 11.3% Malay, 19.8%
Indian, and 4.7% identified as others; 1.5% did not indicate
ethnicity information. The average age for children in the first
year of kindergarten (K1) was 57.4 months (SD � 3.9; 0.7%
missing data), in the second year of kindergarten (K2) was
69.8 months (SD � 3.8; 7% missing data), and in the first year
of primary school (P1) was 81.0 months (SD � 3.7; 13% missing
data). Results from Little (1988) Missing Completely at Random
(MCAR) test indicated that themissing data wereMCAR,X2(23) �
35.07, p � 0.051.

Measures
Executive Functioning
A suite of computerized tasks was used to assess children’s
shifting, inhibition, and working memory abilities. Three
working memory tasks were used. In Animal Updating (Lee
et al., 2013), pictures of animals were shown one at a time.
Children recalled the identities of the last two, three, or four
animals that were presented. They were not told how many
animals to expect to ensure that working memory was used in
the task. The dependent measure was the total number of animals
recalled correctly. In Backward Digit Recall (adapted from
Pickering and Gathercole, 2001), children listened to a series
of numbers presented through headphones and recalled the
numbers in backward order. The dependent measure was the
number of trials recalled correctly. In Lost Animals (adapted from
Law et al., 1995), children completed a processing task, followed
by a memory recall task within each trial. In the processing task,
children verified the accuracy of an “addition” equation in which
two line matrices were added together to form a third line matrix.
Each line matrix consisted of five objects in a square (one at each
corner and one in the middle), with a line connecting the objects
in a variety of configurations. The objects in the matrices were
presented as food or toys, and the lines depicted the paths taken
by an animal to get food or toys. Following the processing task,
children recalled the location of a coloured object (i.e., the target
object) in the third matrix. Each block had six trials progressing

from a block with one matrix to be verified and one location to be
recalled to a block with three matrices to be verified and three
locations to be recalled. In total, the task has 18 trials. The
dependent measure was the number of object locations
recalled correctly in the correct order.

Two tasks were used to assess inhibition skills. In the Flanker
task (Lee et al., 2012), children were presented with a row of five
arrows and asked to identify whether the middle arrow (target)
was facing left or right. A neutral block displayed only one arrow
that faced either left or right. In the congruent block, all the
arrows faced the same direction. In the incongruent block, the off-
centre arrows faced the opposite direction from the target. In the
Simon task (Lee et al., 2012), a picture of a frog or a butterfly
appeared on the left or right side of the computer screen. Children
were asked to lead the butterfly home by pressing a button on the
left, and likewise for the frog by pressing a button on the right. In
the congruent block, the animals appeared on the same side as
their “home” location. In the incongruent block, the animals
appeared on the opposite side of their “home”. For both tasks, the
dependent measures were the number of correct responses in the
congruent and incongruent blocks.

Two tasks were used to assess shifting skills. In the
Dimensional Change Card Sort (DCCS; Slotkin et al., 2012),
children were presented with objects that varied in colour (blue
and red) and shape (rabbits and boats) on the computer screen.
Children sorted the objects according to its shape or colour.
They completed two blocks of trials, in which the sorting rules
were intermixed. The dependent measures were accuracy
scores and reaction time (RT) on each trial. A combined
accuracy and RT score was calculated according to the
formulae provided in the NIH Toolbox Technical Manual;
higher scores reflect better shifting skills. In Picture-Symbol
(Lee et al., 2012), a bigram comprising a picture and a symbol
appeared in one of four quadrants on the computer screen.
When the bigram appeared in the top quadrants, children
identified whether the picture was an animal. When it
appeared at the bottom quadrants, they identified whether
the symbol was a number. In the first and second block of
trials, the bigrams appeared only in the top and bottom
quadrants, respectively. In the final two mixed blocks, the
bigrams appeared clockwise in all four quadrants. Switch
and non-switch scores were computed from the mixed
blocks. Switches were generated from trials at which
children switch from the animal to number or from the
number to animal trials. Switch accuracy was computed
from the number of correct switch trials divided by the total
number of mixed trials. In the same way, non-switch accuracy
was computed.

Child-Assessed Behavioral Self-Regulation
The Heads-Toes-Knees-Shoulders (HTKS) task was used as a
direct measure of children’s behavioral self-regulation skills
(McClelland et al., 2014). Children were presented with
behavioral rules where they were required to do the opposite
of what the experimenter asked them to do (e.g., touch their head
when told to touch their toes). The task has three parts, each
comprising a set of behavioral rules and practice items. In Part
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One, children completed six practice trials with feedback about
two rules (i.e., touch your head/touch your toes), followed by ten
test trials. In Part Two, children completed five practice trials with
feedback about two new rules (i.e., touch your shoulders/touch
your knees), followed by ten test trials combining the rules from
Part One and Two (i.e., head/toes, knees/shoulders). In Part
Three, the rule pairs were switched (i.e., heads/knees,
shoulders/toes). Children first completed six practice trials
with feedback, followed by ten test trials. The task was
discontinued if the child’s total score on the test trials for Part
One or Part Two was less than 4 points. The dependent measure
was the total score across all three parts; a higher score reflects
better task performance.

Teacher-Rated Behavioral Self-Regulation
The 12-item Learning-related Social Skills subscale in the Child
Behavior Rating Scale (CBRS; Lim et al., 2010) was used to assess
children’s BSR in the classroom. Teachers rated the frequency of
the behavior described in each item (e.g., returns to unfinished
tasks after interruption) using a five-point Likert scale, from 1
(never) to 5 (always). The dependent measure was the average
score across all items.

Math Skills
The Test of Early Mathematics Ability–3rd edition (TEMA-3;
Ginsburg and Baroody, 2003) assessed children’s informal and
formal mathematics knowledge. Test administration began at an
appropriate entry point according to the manual. Each item was
scored as 1 or zero, depending on whether the scoring criteria
were met. Basal and ceiling rules were implemented according to
the manual. Non-administered items before basal were scored 1
and non-administered items after ceiling were scored zero. The
dependent measure was the sum of scores on all items below the
ceiling. Higher scores reflect better math skills. This measure has
been validated for use in Singapore (Yao et al., 2017), with
evidence of convergent validity with the Number Sets Test
(Geary et al., 2009), a measure of children’s ability to identify
and process numerical quantities.

Socioeconomic Status
Parents provided information on home background (e.g., parent’s
educational qualifications, housing type, household income) in a
short questionnaire. 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 mother’s educational attainment.
For the current study, mothers’ education qualifications, which
included 11 different levels, were recoded into 5 categories
according to the Singapore Standard Educational Classification
(SSEC; Department of Statistics, 2015): 1 � below secondary
(5.9%), 2 � secondary (14.2%), 3 � post-secondary (non-tertiary;
7.0%), 4 � diploma or professional qualification (19.3%), 5 �
university degree (52.2%); 1.4% did not provide information
about educational qualifications. Compared to data collected
from the wider population in 2015 (Department of Statistics,
2015), the current sample comprised a smaller proportion of

mothers with secondary and lower qualifications (20.1% vs. 52.0%
in the population) and a larger proportion of university graduates
(52.2% vs. 26.1% in the population).

Non-Verbal Reasoning
Raven’s Colored Progressive Matrices (Raven et al., 1998) was
used as a covariate. This task comprised three sets of 12 items. In
each item, a pattern with a missing element was presented in
matrix format. Children selected from a set of alternatives the
element that completed the pattern. To reduce testing burden,
administration of each set was terminated after four consecutive
incorrect responses. The dependent measure was the total
number of correct responses across all three sets.

Procedure
Child assessments of EF, BSR, and math skills were administered
as part of a larger task battery at the beginning of Kindergarten 1
(K1; Wave 1), towards the end of K1 (Wave 2), at K2 (Wave 3)
and at Primary 1 (Wave 4). Each task was administered
individually to the child in their schools. The current study
draws on data from the EF and child-assessed BSR measures
at K2 (Wave 3), and math skills at waves 1 and 4 (i.e., start of K1
and at Primary 1), as well as data from the non-verbal reasoning
task administered at Wave 1. Questionnaires were distributed to
parents throughout the first year to gather information about SES.
The Child Behavior Rating Scale was administered to K2 teachers
around August to December of the study’s second year to gather
information on children’s BSR in the classroom.

Analytical Plan
All descriptive and inferential statistical analyses were estimated
using Mplus v8 (Muthén and Muthén, 2017). As previous studies
did not clearly show three separable components of EF in young
children (Lee et al., 2012; Lee et al., 2013), and existing evidence
suggesting a unidimensional EF structure with young children
(Willoughby et al., 2012), we specified a one-factor model1

comprising all seven EF measures (Figure 1A). In addition, we
followed Lee et al. (2013) approach of regressing the incongruent
or switchmeasures to their congruent or non-switch counterparts
to obtain a purer measure of EF. This model provided good fit
with the data (RMSEA � 0.06, CFI � 0.97, and SRMR � 0.03). All
manifest variables loaded significantly on the latent factor
(standardized coefficients range from 0.17 to 0.73). Given the
very low factor loading for the Picture-Symbol task (0.17), the
one-factor model was rerun without this task. The resulting
model (Figure 1B) provided good fit with the data (RMSEA �
0.05, CFI � 0.95, and SRMR � 0.03), thus the EF latent factor
scores were used in the main analyses.

1We also explored the suitability of a 2-factor model comprising a combined
shifting and inhibition factor, and a working memory factor (Lee et al., 2013). This
model produced similar fit indices as the 1-factor model (RMSEA � 0.05, CFI �
0.98, and SRMR � 0.03). However, the two latent factors were highly correlated (r �
0.75), suggesting the two factors contributed little unique explanatory power. Thus,
the 1-factor model was selected for this study because of parsimony.
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FIGURE 1 | Factor structure of child-assessed executive functioning (EF). The initial and final factor structure is shown in (A) and (B), respectively. All path
coefficients are standardized estimates. **p < 0.01.

FIGURE 2 |Model 1 examined the influence of socio-economic status (SES) onmath achievement at Primary 1 (P1math), controlling for child’s age at Kindergarten
1 (K1) and P1, time interval between K1 and P1 assessment of math skills, math skills at K1, and non-verbal reasoning. Dashed paths reflect predictive and correlational
paths involving control variables. All path coefficients are standardized estimates. R2

P1 math � 0.48, p < 0.01, *p < 0.05, **p < 0.01.
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To address our study aims, three path models were estimated.
Given that children were nested within teachers, the TYPE �
COMPLEX command was used in Mplus to account for the
clustering of the data in all models. Models 1 and 2 addressed
the first aim of examining the contributions of SES, EF and BSR on
math achievement, and whether child-assessed and teacher-rated
BSR each provides a unique perspective of children’s skills. In
Model 1 (Figure 2), we assessed the contribution of SES to math
achievement at Primary 1 (P1), controlling for child’s age at K1 and

P1, math skills at K1, time interval between K1 and P1 assessment
of math skills, and non-verbal reasoning. InModel 2 (Figure 3), we
assessed the direct contributions of SES, child-assessed EF, child-
assessed BSR, and teacher-rated BSR to P1 math achievement,
taking into account the same covariates in Model 1. In addition,
children’s non-verbal reasoning skills and age at K2 were included
as covariates of child-assessed EF, child-assessed BSR, and teacher-
rated BSR. The EF and BSRmeasures were also allowed to correlate
with each other, and with math skills at K1.

FIGURE 3 |Model 2 examined the influences of socio-economic status (SES), child-assessed executive functioning (EF), child-assessed behavioral self-regulation
(BSR), and teacher-rated BSR on math achievement at Primary 1 (P1 math), controlling for child’s age at Kindergarten 1 (K1), K2, and P1, time interval between K1 and
P1 assessment of math skills, math skills at K1, and non-verbal reasoning. Dashed paths reflect predictive and correlational paths involving control variables. All path
coefficients are standardized estimates. R2

EF � 0.20, p < 0.01, R2
Teacher-rated BSR � 0.05, p < 0.05, R2

Child-assessed BSR � 0.13, p < 0.01, R2
P1 math � 0.50, p < 0.01, *p <

0.05, **p < 0.01.

FIGURE 4 | Model 3 examined the roles of child-assessed executive functioning (EF), child-assessed behavioral self-regulation (BSR), and teacher-rated BSR as
mediators between socio-economic status (SES) and math achievement at Primary 1 (P1 math), controlling for child’s age at Kindergarten 1 (K1), K2, and P1, time
interval between K1 and P1 assessment of math skills, math skills at K1, and non-verbal reasoning. Dashed paths reflect predictive and correlational paths involving
control variables. All path coefficients are standardized estimates.R2

EF� 0.22,p<0.01,R2
Teacher-rated BSR� 0.06,p<0.05,R2

Child-assessed BSR� 0.16,p<0.01,R2
P1 math� 0.51,

p < 0.01, *p < 0.05, **p < 0.01.
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Model 3 (Figure 4) addressed the second aim of assessing
whether different aspects of self-regulation uniquely mediate the
SES-achievement gap in math, taking into account the same
covariates in Model 2. Thus, directional paths from SES to
child-assessed EF, child-assessed BSR, and teacher-rated BSR
were added to the model. The residuals of all three mediators
were allowed to correlate. Tests of mediation were conducted
using the MODEL INDIRECT command in Mplus and
bootstrapped confidence intervals.

RESULTS

Table 1 presents the descriptives, bivariate correlations, and
reliabilities for the study variables. For all the EF measures,
higher scores reflected better EF ability. The EF measures,
both observed and latent, positively correlated with both
measures of BSR (child-assessed and teacher-rated). The EF
latent factor score correlated more highly with the direct
performance measure of BSR (r � 0.54) than teacher ratings of
BSR (r � 0.36), as indicated by the results of the Wald test, χ2(1) �
122.03, p < 0.001. The EF latent factor and measures of BSR also
correlated positively with math skills at K1 and P1. At K1, math
skills correlated more highly with EF (r � 0.52) compared to

child-assessed BSR [r � 0.49; χ2(1) � 25.60, p < 0.001] and teacher
ratings of BSR [r � 0.36, χ2(1) � 153.28, p < 0.001]. Similarly, at
P1, math skills correlated more highly with EF (r � 0.49)
compared to child-assessed BSR [r � 0.44; χ2(1) � 31.38, p <
0.001] and teacher ratings of BSR [r � 0.37, χ2(1) � 125.68, p <
0.001]. These findings provide evidence to support the concurrent
and predictive validity of the EF and BSR measures.

Contributions of SES, EF, and BSR to Math
Achievement at P1
First, we considered the direct effects of SES, EF, and BSR on
math achievement at P1, after controlling for the influences of a
set of covariates (i.e., math achievement at K1, age at K1, age at
K2, age at P1, time interval between K1 and P1 assessment of
math skills, and non-verbal reasoning skills). As shown inTable 2
and Figure 2, results of Model 1 indicate that SES significantly
predicted P1 math achievement (β � 0.08, p � 0.003). After
including measures of EF and BSR in Model 2, SES was still a
significant predictor of P1 math achievement (β � 0.06, p �
0.015).

Next, we considered the direct effects of EF and BSR on P1
math achievement, with SES in the same model. Results of Model
2 (see Table 2 and Figure 3) show that EF significantly

TABLE 1 | Descriptive statistics, inter-correlations, and reliabilities of the study variables.

SES AU BDR LA FlanC FlanI SimC SimI DCCS PSsw PSns EF BSR-
T

BSR-
C

Math
(K1)

Math
(P1)

NVR

SES 0.17 0.20 0.10 0.01a 0.11 0.04a 0.02a 0.15 0.10 0.11 0.20 0.14 0.22 0.30 0.28 0.14
AU 0.24 0.21 0.10 0.26 0.15 0.10 0.26 0.16 0.20 0.52 0.29 0.34 0.33 0.31 0.23
BDR 0.24 0.13 0.21 0.11 0.10 0.28 0.23 0.25 0.53 0.28 0.37 0.43 0.41 0.32
LA 0.15 0.20 0.15 0.13 0.28 0.20 0.22 0.54 0.17 0.28 0.34 0.35 0.25
FlanC 0.49 0.39 0.30 0.24 0.28 0.29 0.44 0.11 0.15 0.16 0.18 0.14
FlanI 0.28 0.34 0.34 0.30 0.31 0.66 0.23 0.31 0.30 0.28 0.19
SimC 0.40 0.26 0.28 0.30 0.43 0.11 0.20 0.16 0.14 0.14
SimI 0.31 0.33 0.31 0.51 0.12 0.21 0.16 0.16 0.13
DCCS 0.51 0.50 0.79 0.25 0.43 0.37 0.31 0.36
PSsw 0.82 0.52 0.24 0.34 0.29 0.29 0.28
PSns 0.53 0.24 0.39 0.31 0.32 0.34
EF 0.36 0.54 0.52 0.49 0.42
BSR-T 0.35 0.36 0.37 0.20
BSR-C 0.49 0.44 0.33
Math
(K1)

0.67 0.49

Math
(P1)

0.38

NVR
Rel. - 0.93b NAd NAd 0.76c 0.86c 0.79c 0.73c 0.91c 0.79c 0.82c - 0.93c 0.97b 0.97b 0.97b NAd

Mean 3.99 16.30 5.16 7.45 25.56 23.97 28.93 27.86 4.86 0.80 0.85 0.03 3.98 42.28 24.26 45.38 15.32
SD 1.31 5.59 4.40 4.75 2.57 4.27 1.69 2.30 1.62 0.14 0.14 1.93 0.60 14.67 9.41 10.08 4.95
Min. 1.00 0 0 0 16.62 10.04 22.08 19.42 1.21 0.36 0.40 −7.00 2.08 0 0 15 2
Max. 5.00 30 23 18 28.00 28.00 30.00 30.00 7.91 1.00 1.00 4.93 5.00 60 68 72 33

Note: SES, socioeconomic status; AU, Animal Updating; BDR, Backward Digit Recall; LA, Lost Animals; FlanC, Flanker congruent trials; FlanI, Flanker incongruent trials; SimC, Simon
congruent trials; SimI, Simon incongruent trials; DCCS, Dimensional Change Card Sort; PSsw, Picture-Symbol switch trials; PSns, Picture-Symbol non-switch trials; EF, Child-assessed
executive function latent factor scores (excluding Picture-Symbol); BSR-T, Teacher-rated behavioral self-regulation; BSR-C, Child-assessed behavioral self-regulation; Math (K1), math
skills at Kindergarten 1; Math (P1), math skills at Primary 1; NVR, non-verbal reasoning; Rel., reliabilities; NA, not available; Min., minimum; Max., maximum.
aWith the exception of these values, all correlations were significant at p < 0.01.
bOdd-even Guttman split-half reliability.
cCronbach’s alpha.
dReliabilities for these measures could not be calculated as the number of trials completed varied across participants due to discontinue rules.
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contributed to P1 math achievement, even when considered
together with SES and BSR (β � 0.12, p � 0.000). Teacher-
rated BSR (β � 0.10, p � 0.013) and child-assessed BSR (β �0
.08, p � 0.027) also significantly contributed to P1 math
achievement. Among the SES, EF, and BSR variables, EF
emerged as the strongest predictor of P1 math achievement
(i.e., 1 SD increase in EF is related to a 0.12 SD increase in P1
math scores) after considering the contribution of other
covariates. Notably, K1 math achievement was the strongest
predictor of P1 math achievement overall (β � 0.55, p � 0.000).

Do EF and BSR Mediate the Association
Between SES andMath Achievement at P1?
The results of the mediationmodel are shown in Table 2 (see Model
3) and Figure 4. Children’s EF skills at K2 significantly and partially
mediated the association between SES and P1 math achievement (β
� 0.02, p � 0.008). Similarly, child-assessed BSR partially mediated
the association between SES and P1math achievement (β � 0.01, p �
0.041). The results for teacher-rated BSR were not conclusive;
whereas the statistical significance test indicates that teacher-
rated BSR was not a significant mediator (β � 0.01, p � 0.140),
the bootstrapped confidence interval result suggests a significant
mediating effect. Given these contradictory results, we take the
conservative approach of concluding that teacher-rated BSR did

not significantly mediate between SES and P1 math achievement.
Importantly, the direct effect of SES on P1 math achievement
remained statistically significant (β � 0.06, p � 0.018) after
accounting for the mediating influences of EF and BSR. Overall,
the effect sizes of the mediating effects involving EF and child-
assessed BSR were very small (equivalent to 0.01 to 0.02 SD),
compared to the direct effects of EF (0.12 SD) and child-assessed
BSR (0.07 SD) on P1 math achievement.

DISCUSSION

In this study, we examined the contributions of SES, EF, and BSR
on children’s math achievement at entry to formal education
(i.e., Primary 1), and the extent to which different aspects of self-
regulation mediate the SES-achievement gap. We also considered
whether direct performance measures (i.e., child-assessed BSR)
and teacher ratings of BSR uniquely account for math
achievement at Primary 1. We found that SES, EF, and both
measures of BSR directly predicted math achievement at Primary
1, even after accounting for prior math achievement at
kindergarten entry. We also found that EF and child-assessed
BSR represent distinct constructs of self-regulation that partially
mediated the relationship between SES and math achievement at
Primary 1, although it should be noted that the mediation effects

TABLE 2 | Results of path analyses.

Predictor Dependent
variable

Model 1 (SES predicts P1 math) Model 2 (SES, EF, BSR-Teacher, and
BSR-Child directly predict P1 math)

Model 3 (Mediation model)

95% CI 95% CI 95% CI

b β Lower Upper b β Lower Upper b β Lower Upper

SES BSR (Teacher) - - - - - - - - 0.06* 0.12* 0.02 0.21
BSR (Child) - - - - - - - - 1.98** 0.18** 0.10 0.26
EF - - - - - - - - 2.16** 0.15** 0.08 0.21
Math (P1) 0.60** 0.08** 0.03 0.13 0.47* 0.06* 0.01 0.11 0.46* 0.06* 0.01 0.11

BSR (Teacher) Math (P1) - - - - 1.59* 0.10* 0.02 0.17 1.59* 0.09* 0.02 0.17
BSR (Child) Math (P1) - - - - 0.05* 0.08* 0.01 0.15 0.05* 0.07* 0.01 0.14
EF Math (P1) - - - - 0.06** 0.12** 0.06 0.19 0.06** 0.12** 0.06 0.19
Math (K1) Math (P1) 0.73** 0.67** 0.63 0.72 0.59** 0.55** 0.48 0.61 0.59** 0.55** 0.48 0.61
Age (K1) Math (K1) 0.56** 0.23** 0.18 0.29 0.56** 0.24** 0.19 0.30 0.57** 0.24** 0.19 0.30
Age (K2) BSR (Teacher) - - - - 0.01 0.09 −0.04 0.19 0.02 0.10 −0.04 0.20

BSR (Child) - - - - 0.46** 0.12** 0.06 0.18 0.49** 0.13** 0.06 0.19
EF - - - - 0.52** 0.10** 0.05 0.16 0.56** 0.11** 0.06 0.17

Age (P1) Math (P1) −0.13* −0.05* −0.09 −0.00 −0.18** −0.07** −0.11 −0.02 −0.18** −0.07** −0.11 −0.02
Interval Math (P1) 0.77** 0.16** 0.12 0.21 0.70** 0.15** 0.11 0.20 0.70** 0.15** 0.11 0.19
NV Reasoning BSR (Teacher) - - - - 0.02** 0.18** 0.10 0.26 0.02** 0.16** 0.08 0.23

BSR (Child) - - - - 0.91** 0.31** 0.25 0.36 0.83** 0.28** 0.22 0.33
EF - - - - 1.59** 0.41** 0.34 0.47 1.50** 0.38** 0.31 0.44
Math (K1) 0.81** 0.42** 0.36 0.48 0.81** 0.43** 0.37 0.49 0.81** 0.43** 0.37 0.49

Indirect effects from SES to Math (P1)
Via EF - - - - - - - - 0.14* 0.02* 0.01 0.03
Via BSR (Teacher) - - - - - - - - 0.09 0.01 0.00 0.03
Via BSR (Child) - - - - - - - - 0.10* 0.01* 0.00 0.03

Total effect
SES to Math (P1) 0.60** 0.08** 0.03 0.13 0.47* 0.06* 0.01 0.11 0.78** 0.10** 0.05 0.15

Note: Model fit statistics, Model 1 (CFI � 0.987, RMSEA � 0.041, SRMR � 0.037); Model 2 (CFI � 0.977, RMSEA � 0.038, SRMR � 0.040); Model 3 (CFI � 0.995, RMSEA � 0.020, SRMR �
0.026). K1, Kindergarten 1; K2, Kindergarten 2; P1, Primary 1; Interval, time between K1 and P1 assessments in months; BSR, behavioral self-regulation; EF, child-assessed executive
functioning; SES, socioeconomic status; NV Reasoning, non-verbal reasoning; CI, confidence interval.
*p < 0.05.
**p < 0.01.
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were very small. Our findings build on a growing literature
examining the influences of early EF and BSR for children’s
math achievement (Lee and Bull, 2016; Bustamante et al., 2017)
and contribute to the ongoing debate regarding the distinctions
between different components of self-regulation. In the following
sections, we discuss each finding in detail and consider the
theoretical and practical implications of our findings.

Contributions of SES, EF, and BSR to Math
Achievement at P1
Mother’s educational attainment (our chosen indicator of SES) has
been found to be strongly associated with children’s pre-academic
skills (Duncan and Magnuson, 2003; Nguyen et al., 2016; Davis-
Kean et al., 2021). Our findings agree with much of the extant
literature in showing that SES significantly predicts mathematics on
entry to primary school, even after controlling for prior math
achievement, EF and BSR. A 1 SD increase in SES was
associated with a 0.06 SD increase in later math achievement, an
effect similar in size to that seen in other recent studies. For example,
Finders et al. (2021) reported a 0.06 SD difference in 3rd grade math
between children from high- and low-SES families, after controlling
for prior achievement and other background characteristics (age,
gender, and ethnic minority status).While we are not able tomake a
definitive statement regarding the mechanism of this SES impact on
later math achievement, one explanation for this finding is that
higher-educated mothers are more likely to create quantitatively
and qualitatively richer interactions with their children (Votruba-
Drzal, 2003; Raviv et al., 2004; Magnuson et al., 2009; Vandermaas-
Peeler et al., 2009; Dilworth-Bart, 2012). Specifically, regarding
mathematics, other findings from Singapore indicate that more
educated mothers engage their children more frequently in
advanced numeracy activities, which in turn impacted on math
achievement (Munez et al., 2021).

Beyond the contribution of SES and prior math ability, both EF
andBSRdirectly and uniquely contributed to latermath achievement,
supporting previous findings that these represent distinct aspects of
broader self-regulation (Duncan et al., 2017; Anthony andOgg, 2019;
Compagnoni et al., 2019). A 1 SD increase in these skills resulted in an
increase in later math skills ranging from 0.08 SD (child-assessed
BSR) to 0.10 SD (teacher ratings of BSR) to 0.12 SD (child-assessed
EF). The effect size for EF is similar to that found in recent studies. For
example, Morgan et al. (2019) focusing on independent aspects of EF
(measured at kindergarten) in predicting 2nd grade math reported
effect sizes ranging from 0.06 (working memory) to 0.10 (inhibitory
control) and 0.13 (cognitive flexibility).

Our findings also align with previous studies showing a
relationship between BSR and math achievement (McClelland
et al., 2014; Sasser et al., 2015; Beisly et al., 2020), although note
that most previous studies have not considered different methods
of assessing BSR within the same sample. A key addition from the
current study is the finding that teacher ratings of BSR and child-
assessed BSR (HTKS) each uniquely predicted later math
achievement, suggesting that each capture different
applications of BSR skills which are important for math
achievement. Teacher-rated BSR skills are most aligned with
context-specific learning related behaviors and skills (e.g.,

working cooperatively, following directions) that enable
children to engage and persevere in a wide range of learning
opportunities in the classroom (Beisly et al., 2020). In contrast,
child-assessed BSR could be conceived as non-contextual (i.e., not
specific to the classroom), focusing on children’s ability to
integrate different EF skills into their behavior to complete a
novel task (McClelland et al., 2014).

Do EF and BSR Mediate the Association
Between SES andMath Achievement at P1?
Our study extends past research on the domain-general mediators
of the SES-achievement relation by examining concurrent
pathways via three facets of self-regulation: EF, child-assessed
(non-contextual) BSR, and teacher-rated (classroom) BSR. As
suggested by other scholars (e.g., Sektnan et al., 2010), we
included both direct and other-reported assessments of BSR for
a clearer examination of the role of BSR in the SES-achievement
link. We found unique pathways through which the relationship
between SES and math achievement is partially mediated by
different aspects of self-regulation, further elucidating the SES-
achievement gap. Importantly, the SES-achievement gap is under-
estimated when we only consider SES on its own and neglect the
additional, unique pathways through which SES further indirectly
impacts achievement.

Our finding that EF partially mediates between SES and math
achievement further corroborates previous work, which has shown
that EF is a key factor explaining the relationship between SES and
academic achievement (e.g., Fitzpatrick et al., 2014; Waters et al.,
2021). Furthermore, while many studies use one task to index each
EF component (e.g., Nesbitt et al., 2013), we employed a more
comprehensive approach by using multiple tasks for each
component. The association between SES and EF may be
explained by different factors, including SES-related differences in
parental scaffolding and responsiveness, as well asmaternal and child
language (Blakey et al., 2020). Another pathway is through poverty-
related experiences of chronic stress, which lead to changes in the
biological stress response that could detrimentally affect EF (Blair and
Raver, 2012). The exact pathway that explains our current findings is
unclear as the mechanism(s) may differ according to individual
circumstances and extent of SES disadvantage (Blakey et al., 2020).

Child-assessed (non-contextual) BSR also partially accounts
for the SES disparity in math achievement, with a similar effect
size as the EF mediation pathway. However, teacher-rated
(classroom) BSR, which assesses children’s ability to self-
regulate their behavior in the classroom (e.g., remembering a
classroom rule to raise hand before participating, following
directions, and maintaining attention in the presence of
distractors), did not mediate the relationship between SES and
math achievement. It should be noted though that this latter
finding was not completely conclusive, with conflicting results
regarding the statistical significance of the mediation effect. One
reason for the weaker, inconclusive pathway via teacher-rated
(classroom) BSR could be a weaker influence of SES on this
variable, relative to contributions from other factors not
considered in this study. This is supported by the observation
that the proportion of variance explained by the predictors (SES,
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non-verbal reasoning skills and age at K2) was much lower for
teacher-rated BSR compared to that for EF and child-assessed
(non-contextual) BSR. For instance, children may pick up
learning-related skills and behaviors that contribute to
classroom BSR through teacher’s scaffolding and peer
modelling, hence attenuating the impact of SES. It has been
suggested that the preschool environment provides opportunities
for children to practice applying self-regulation, which to some
extent, compensates for the purported diminished opportunities
for children from disadvantaged social backgrounds (Cebolla-
Boado et al., 2017; McClelland et al., 2018). While these
opportunities may also enhance basic EF skills, effects may be
more apparent on children’s classroom BSR, which may be more
amenable to socialization from outside the home environment.

Unlike previous studies (e.g., Waters et al., 2021), SES remained
as a direct predictor of math in the mediation model. This suggests
that SES also operates through alternative mechanisms to impact
on math outcomes. Some possibilities have been suggested in
recent studies. For example, Davis-Kean et al. (2021) note that
higher parental education provides the knowledge and belief
system that enrichment activities outside the home are
important for children’s academic development. Certainly, in
the case of Singapore, the availability of external tuition is more
readily accessible to higher income families (Teng, 2015). In
Cebolla-Boado et al. (2017) study across 28 countries, Singapore
was one of the very few where parental education and children’s
time in preschool showed complementary (instead of substitution)
effects on fourth-grade reading literacy. In other words, preschool
attendance was more beneficial for children of more advantaged
social backgrounds (i.e., more highly educated parents) compared
to their less advantaged peers. These findings suggest that the
mechanisms underlying the SES-achievement link may be more
complex in sociocultural settings like Singapore.

Limitations and Future Directions
Certain limitations warrant discussion. Our use of multiple
measures of each EF component and a latent EF factor has
both strengths and limitations. On the one hand, a latent
construct provides a “purer” assessment of EF by capturing the
common variance of multiple tasks and aligns with developmental
findings that EF’s are difficult to differentiate as unique skills in this
age range (e.g., Blakey et al., 2020; Wiebe et al., 2008). However, we
are not able to confirmwhether this relationship of EF to latermath
is driven more strongly by one specific EF component. For
example, Waters et al. (2021) found that only working memory
mediated the association between SES and math achievement, after
controlling for prior achievement, a finding supported by other
studies showing differential contributions of EF skills to academic
outcomes (Ahmed et al., 2019; Nguyen and Duncan, 2019). In
contrast, Finders et al. (2021) found that multiple aspects of EF
(attentional flexibility and working memory) each contributed to
explaining the SES achievement gap. Both approaches (i.e., using
one versus multiple latent factors) have their merits. Using a latent
EF factor was better suited for our purpose of delineating the
broader conceptual categories within self-regulation, rather than
their componential competencies. It should be noted that the factor
loading of the Simon task on the latent EF factor is below the

commonly accepted threshold of 0.40, which suggests that this task
has a smaller contribution to the latent EF factor.

In this study, we modelled EF and two aspects of BSR as
concurrent mediators between SES and math achievement.
However, other models have also been discussed in the
literature. In one model, BSR is positioned as a mediator
between EF and achievement in early childhood (Nesbitt et al.,
2015; Anthony and Ogg, 2019), with some evidence for partial
mediation (Anthony and Ogg, 2019). According to this model, EF
operates as a distal predictor of academic achievement by fostering
more effective learning-related behaviors (e.g., motivation,
engagement, and attention) that promote engagement in
learning opportunities in the classroom (Nesbitt et al., 2015;
Sasser et al., 2015). In another model, EF and BSR are
conceived as moderators in the SES-achievement link (e.g.,
Robinson, 2013; Beisly et al., 2020), based on findings indicating
that these skills are particularly important to children from low SES
backgrounds (Razza et al., 2015). Beisly et al. (2020) found that for
children from lower SES families, having higher BSR skills was
associated with better math outcomes and vice versa. For children
from higher SES families, BSR was unrelated to math outcomes.
These alternative models highlight the complex ways in which SES,
self-regulation, and children’s academic achievement are
interrelated (Beisly et al., 2020). Future studies may be designed
to compare the viability of these models within a study using the
same sample and measures to facilitate model comparisons.

Implications
The current study presents several theoretical and practical
implications. First, our study contributes to a growing body of
evidence indicating that individual differences in self-regulation
skills explain a small piece of the SES-math achievement gap at
entry to formal education. Building on previous findings, we
further elucidated the SES-achievement gap by showing that two
different aspects of self-regulation—EF and BSR—partially
mediate between SES and math achievement. That these
mediating paths are unique and independent also suggest that
their effects are additive in nature. One important practical
implication of this finding is that interventions focused on
enhancing EF alone may not suffice; such efforts should also
target BSR. We return to this point later.

Our study underscores the value of examining the influence of
multiple facets of self-regulation on the SES-achievement gap
within the same study. Specifically, it allowed us to tease apart
the distinct influence of EF and BSR (despite their overlapping
variance) as well as the contributions of different aspects of BSR. At
the same time, our findings highlight important issues related to
the broader debate about the conceptualization and measurement
of EF and BSR (Morrison and Grammer, 2016). A variety of EF
variables have been used in previous studies, including latent
factors, composite variables, and individual EF task scores. In a
similar vein, different measures have been employed in studies
utilizing other-reported assessments of BSR (e.g., the Child
Behavior Rating Scale and the Children’s Behavior
Questionnaire). Not surprisingly, this has contributed to
significant challenges in integrating findings from different
studies. Although some of the decisions around the choice of
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measurement strategy is driven by contextual factors (e.g., the
factor structure of EF may differ across countries and age groups),
part of the problem stems from lack of agreement in terminology,
levels of analysis, and measurement among related constructs
across fields (Nigg, 2017).

Examining BSR using a child-assessed measure (HTKS) and
teacher ratings (CBRS), together with child-assessed EF, allowed us
to shed some light on this issue, in particular the ongoing
contention regarding the classification of HTKS as measuring
BSR (e.g., McClelland et al., 2014) or EF (e.g., Duncan et al.,
2017; Compagnoni et al., 2019; Beisly et al., 2020).McClelland et al.
(2014) argues that the HTKS requires the integration of EF
(attention, working memory, inhibition, and cognitive
flexibility) into behavioral control and thus reflects BSR. In
contrast, Duncan et al. (2017) argues that HTKS is conceptually
more aligned with conventional EF assessments than teacher-rated
classroom BSR, where broader context-specific behaviors may
come into play. We found the mediation effects involving
HTKS and EF to be more similar than those between HTKS
and CBRS. With the pathways maintaining unique
contributions to the SES-achievement relation, it makes sense to
consider HTKS and CBRS as distinct measures of self-regulation.
For greater conceptual and empirical clarity in future studies, we
propose using the term non-contextual BSR to refer to HTKS.

It has been argued that adult-report measures of BSR provide a
better assessment of the application of authentic self-regulatory
behaviors in real-world conditions compared to child-assessed
BSR (Howard et al., 2019). While direct observational measures
provide a non-biased assessment of children’s skills in regulating
their behavior in highly structured one-on-one situations, teacher
ratings capture children’s ability to independently apply their
behavioral and affective self-regulatory abilities across context
and time (Toplak et al., 2013). This may provide a more accurate
picture of the child compared to e.g., a one-off direct assessment
conducted by an adult unknown to the child. However, measures
that rely on one teacher reporting on multiple children are
susceptible to rater bias or shared effects of a classroom
environment that induce students to behave more similarly to
one another (Waterman et al., 2012; Schmitt et al., 2014). This
highlights the importance of disaggregating variance at the
teacher/classroom level from variance at the child level to
ensure more accurate individual level estimates, as we have
done in the present study.

From a practical perspective, our results suggest that
enhancing children’s EF and BSR in multiple structured and
unstructured contexts may help reduce the SES disparities in
math achievement and would provide causal evidence for the
current longitudinal findings. Our research suggests that
interventions aimed at supporting children’s math
achievement require a two-pronged approach. For children
from disadvantaged backgrounds who tend to exhibit poorer
EF skills at school entry (Lawson et al., 2016), an effective
approach might be to focus on strengthening their EF to
ensure they have adequate core cognitive skills for engaging in
mathematical learning activities. A second approach is to
improve and support children’s BSR skills. This can be
achieved by providing high-quality instructional experiences as

well as consistent, engaging, and well-structured learning
opportunities (Duncan et al., 2018; Sung and Wickrama, 2018)
that promote the use and development of BSR skills. For example,
teachers could be more explicit about what is involved in active
listening and paying attention and provide time for focused
exploration with learning materials to help children develop
self-regulation (Beisly et al., 2020). In view of recent evidence
that EF-focused interventions show limited far transfer effects on
either reading or math achievement (e.g., Ang et al., 2015; Jacob
and Parkinson, 2015; Melby-Lervåg et al., 2016; Anthony and
Ogg, 2019), an approach that combines EF training with
opportunities to practice and develop BSR in the classroom
might yield more promising results. This would align with
McClelland et al. (2018) perspective that interventions may be
more effective when they integrate multiple levels of influence
across different contexts and allow repeated practice of skills that
are relevant to behavior in everyday settings.

CONCLUSION

The achievement gap between socioeconomically advantaged and
disadvantaged children is pervasive and likely plays a key role in
the inter-generational transmission of poverty (Fitzpatrick et al.,
2014). Using different assessments of EF and BSR, our study
shows that both components of self-regulation play a small role in
explaining SES disparities in math achievement. Our findings
further suggest that a balanced focus on enhancing EF and BSR
skills of children from low-SES families may help to attenuate the
SES-math achievement gap. More generally, our research
contributes new insights to the ongoing debate about the
distinction between EF and BSR, as well as the value of
differentiating between contextual and non-contextual aspects
of BSR.
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