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ABSTRACT

Executive function (EF) theory and research continues to under-represent the
contexts in which the majority of the world’s children reside, despite their potential
to support, refute, or refine our current understandings. The current study sought
to contribute to our understanding of EF in low-income settings in South Africa by
investigating longitudinal associations of context-specific risk and protective factors
for EF development in three- to five-year-old children who had limited access to ECCE
services before the age of five. Child-caregiver dyads (N = 171) participated in two
rounds of data collection (approximately seven months apart) during which child EF
was assessed using the Early Years Toolbox; context-specific risk and protective factors
were assessed through a caregiver questionnaire. Hierarchical linear regressions
revealed that after controlling for age, attending ECCE services at time 2 (5 = 0.30,
p < 0.001), and diversity of caregivers at time 1 (8 = 0.14, p = 0.041) were the only
factors positively associated with EF at time 2. Other factors commonly associated
with EF such as caregiver education, and household income were not significant, while
resources in the home were significantly associated with EF (5 =-0.18, p = 0.007) but
in the opposite direction to what was expected. These results add to accumulating
evidence that predictors of EF established in Minority World contexts may not be
consistent across contexts, emphasising the need to broaden the EF evidence base.
For instance, future studies could incorporate qualitative and ethnographic methods
to better capture the cultural and contextual nuances relating to EF, to better inform
our statistical and theoretical models.
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INTRODUCTION

Executive functions (EFs) are a set of complex, higher-order cognitive skills that emerge in
early childhood and are used throughout our lifespan. EFs help children to: hold and work with
information in mind (working memory); resist distractions and maladaptive impulses (inhibition);
and flexibly reorient attention as situations require (cognitive flexibility) (Miyake & Friedman,
2012). EF has garnered a lot of attention over the years due to its prediction of broad later-
life outcomes such as academic achievement, healthy lifestyles, substance abuse, and quality
of life (Fuhs et al., 2014; Moffitt et al., 2011). As is commonly the case in Psychology (Nielsen
et al,, 2017), most of what we know about EF, including the definition and conceptualisation
derives from Minority World countries (Haslam et al.,, 2019), elsewhere also referred to as
high-income, or ‘W.E.ILR.D.” (Western, Educated, Industrialized, Rich, Democratic, Henrich
et al, 2010). There is an increasing preference for reference to Majority and Minority World
countries (Alam, 2019; Khan et al,, 2022) as they better highlight the under-representation
of most children and their contexts in child development research (Draper et al., 2022). There
has been an increase in EF studies from Majority World settings in recent years, with a focus
on low-income and low-resource contexts (Cook et al., 2023; Mousavi & Gharibzadeh, 2021;
Nweze et al,, 2021; Suntheimer et al., 2022; Willoughby et al.,, 2019; Wolf & McCoy, 2019).
The evidence available thus far has highlighted similarities with research from Minority World
Countries in terms of criterion validity, biological basis, and associations with broader outcomes
suggesting EF skills may be culturally universal (Obradovi¢ & Willoughby, 2019). In contrast,
predictors of EF in early childhood in Majority World countries have shown some deviation from
Minority World Countries. For example, a study in Nigeria found that early adversity resulted in
enhanced working memory (Nweze et al., 2021), contrary to the widely believed notion that
early adversity impairs cognition. Children use their EF to achieve their own specific goals, which
are influenced by the context in which they are developing (Doebel, 2020), and researchers
have recently focused on understanding how the development of EF is expressed in diverse
contexts (Haslam et al., 2019). Yet, representing Majority World settings remains a challenge
in terms of proportionate publication and the attention they attract, to meaningfully influence
prevailing theories of EF and its development (Draper et al., 2022).

CURRENTLY KNOWN PREDICTORS OF EXECUTIVE FUNCTION

EF researchers have spent considerable effort identifying the antecedents of EF, in hope of
identifying the mechanisms that can realise the extensive benefits implied by longitudinal
associations of EF with broad later-life outcomes (e.g., Ahmed et al.,, 2018; Moffitt et al., 2011).
One prominent but less malleable antecedent (at least directly) is household socioeconomic
status (SES). The SES gradient of EF (low SES is associated with lower EF) has been replicated
across multiple Minority World contexts (e.g., Canada: Vrantsidis et al., 2020; United States:
Hackman et al., 2015; United Kingdom: Blakey et al., 2020). This implies the hypothesis that
children from low-income settings in low- and middle-income countries are at greater risk for
poor EF development compared to their higher income country counterparts. However, recent
cross-cultural research suggests that some children from low- and middle-income countries,
even from the lowest-SES groups in those contexts, perform comparably well on EF tasks as
children in high-income countries (Howard et al., 2020; Metaferia et al., 2021). Additionally EF
has been found to mediate the relationship between SES and academic achievement (Haft &
Hoeft, 2017; Lawson & Farah, 2017; Raver et al.,, 2013). This suggests a need to explore the
complex interplay of risks and protective factors for EF development in low-income settings
in Majority World contexts. Such findings might have implications for prevailing theories of
EF development more specifically, and cognitive development more broadly, which presently
appear unable to explain some of these ‘counter-intuitive’ findings.

Home and community factors that have been identified as predictors in EF research in Minority
World countries routinely implicate: parenting practices; number of siblings; home learning
environment; access to high quality early childhood care and education (ECCE); and exposure
to stressors such as violence. (Blair et al., 2014; Cole & Mitchell, 2000; Hughes & Devine, 2019;
McAlister & Peterson, 2006; Sasser et al., 2017). These factors are conflated in associations of EF
with the home learning environment, which is often assessed in terms of the quantity and quality
of a parent’s engagement in enrichment activities with their child (Snelling & Dawes, 2010). Yet
research linking the home learning environment to EF has yielded mixed results, suggesting
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complexity in how home-based factors related to EF growth. For example, interventions aimed
at increasing parental support and enrichment have been found to improve children’s EF skills
(Obradovié et al., 2017), yet other studies report null associations between stimulation in the
home and child EF skills (Lohndorf et al., 2021; Réthlisberger et al.,, 2010; Zysset et al., 2018).

These home and community factors have typically been measured and studied based on Western
norms, in which the focus tends to be on one-on-one parent-child interactions (typically the
mother), and nuclear family households. This is not representative of the home environment for
many children in Majority World countries, particularly those in low-income settings. Instead,
many children live in multi-generation households and interact with a broad range of caregivers
and social partners (Bradley & Corwyn, 2005; Morelli et al.,, 2018). It is thus not unexpected that,
while some findings on home and community factors from Minority World countries align with
those from Majority World countries, others do not. For example, aligning with Minority World
findings, a study in Cote d’Ivoire found that higher levels of enrichment in the home (help with
academic activities) was associated with better EF task performance, even though the home
environment included non-nuclear family characteristics such as a lower number of literate
adults in the household (Jasiiska et al., 2022). Similarly, a study with 6-year-old children in
Zambia revealed that reading activities at home accounted for the association between SES and
EF (McCoy, Zuilkowski, et al., 2015), as is also found in Minority World countries (e.g., Hamilton
et al,, 2016). Furthermore, a recent study in young children from Pakistan revealed that having
a higher number of older siblings was associated with better EF performance (Rathore et al.,
2022) Yet not all findings have been consistent with Minority World theorising and evidence.
For instance, a recent study in The Gambia found a significant positive association between
the number of caregivers and EF performance (Milosavljevic et al., 2023). In Chile, supportive
discipline (maternal sensitivity with positive discipline), but not parental cognitive stimulation,
predicted school readiness - while neither predicted EF (Lohndorf et al., 2021).

Another commonly found home and community predictor of EF in early childhood is stress.
Population studies show that children and families in low-income settings in both Minority and
Majority World Countries are exposed to disproportionately higher amounts of stressors (e.g.,
economic hardship, chaotic environments, etc.) compared to higher income families (Duran et al.,
2020; Evans & Kim, 2013). Exposure to violence, in particular, appears to be negatively associated
with child EF and self-regulation (McCoy, 2013; McCoy et al., 2016; McCoy, Raver, et al., 2015).
Although the mechanisms of this detrimental effect are still debated, multiple pathways are
plausible, including hypothalamic pituitary-adrenal axis functioning, cortisol release and neural
connectivity (Blair, 2010; Ganzel et al., 2010), and some have even argued that EF may be used
as an adaptive skill (Nweze et al., 2021). A recent study in South Africa preschool children did
not find associations between exposure to violence and child self-regulation (Cook et al., 2022).

Regardless of the reasons, this pattern of divergent evidence suggests the presence of risk and
protective factors in Majority World family contexts that do not clearly conform to findings and
expectations from Minority World contexts. The mixed nature of the limited EF evidence from
Majority World countries may in part be a result of different cultural norms and how they affect
the manifestation and meaning of certain practices and occurrences (Halgunseth et al., 2006).

SOUTH AFRICAN CONTEXT

South Africa is considered a Majority World country, the most unequal in the world, with
pervasive poverty and inequity. A recent national study highlighted the impact of this inequity
on early childhood development, reporting that 65% of four-five-year-old South Africa
children attending ECCE services face barriers to thriving, with only 41% on track for cognitive
development based on South African norms (Tredoux et al., 2024). The detrimental effect of
poverty in South Africa is further illustrated by the school achievement gap between high- and
low-income children (Dawes et al., 2020; Draper et al., 2012; Lessing & De Witte, 2005; Naudé
et al., 2003; Save the Children, 2016).

Currently, all ECCE services for children aged three-five years in South Africa are privately run
and require fees for attendance, creating a barrier to enrolment for low-income children.
However, in the year that children turn six, they can start Reception year (Grade R) in a ‘no-fee’
government school, but there are issues with the quality of education provided and challenges
with over-crowded classrooms (Richter & Samuels, 2018).
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Qualitative findings from caregivers of young children not attending ECCE services in vulnerable
settings (Draper et al., 2023) have already begun to contextualise identified risk and protective
factors for child development. Risk factors mentioned by caregivers included those previously
identified: low-socioeconomic status, dysfunctional family relationships, caregiver mental
health, violence and crime. Yet the caregivers downplayed their perceived impact on their
child. For example, some commented that violence and crime is the norm and children may
be desensitised to it. Protective factors mentioned by the caregivers included social support
from family and community members, access to early learning resources, and infrastructure
in the community such as parks and libraries. In terms of their own role as a caregiver, they
emphasized developmental activities they do with their child, as well as their aspirations for
access to more stimulating and beneficial activities (e.g., sports, visiting the aquarium). However,
complementing these qualitative insights with a quantitative investigation of the modifiable
risk and protective factors of EF in this context could help inform not only more appropriate
local EF interventions, but could also provide insights that better elaborate and nuanced global
theories about EF development. Although some previous studies have investigated the cross-
sectional associations of known EF predictors (Cook et al., 2019; Milosavljevic et al., 2023), there
have been no longitudinal investigations undertaken and none looking specifically at children
who do not have access to ECCE. This is an important, yet understudied and uniquely vulnerable
group, who constitute a significant proportion (30%) of the population of South African three-
five-year-olds (Hall et al., 2019). The impact of household and community influences on EF
may be even more pronounced in this group, given they are spending all their time at home and
in their communities (Draper et al., 2023).

THE CURRENT STUDY

The current study seeks to contribute to our understanding of EF in low-income settings
in South Africa by illuminating these contextual and cultural nuances. This study builds on
previous cross-sectional research, and aimed to investigate the longitudinal associations of
context-specific risk (e.g., exposure to violence, negative parenting practices, low caregiver
education) and protective factors (e.g., positive parenting, enrichment activities in the home,
siblings/other children in the home) for EF development in three- to five-year-old children from
low-income settings in South Africa who cannot typically access ECCE. This was done by looking
at longitudinal predictors of EF (aim 1) and predictors of EF change (aim 2).

We hypothesized that positive caregiver-child relationships, family relationships, >1 siblings/
children in the home, and quality of home learning environment (e.g., number of home learning
activities, toys and books in the home) would predict better EF. In addition to these predictors
the current study was also able to investigate whether starting ECCE services between the two
rounds of data collection predicted EF at time two.

METHODS
STUDY DESIGN

The data reported in this paper derive from a larger longitudinal study aiming to understand
the barriers and potential of ECCE in low-income South Africa settings. Other data from the
larger study have been published elsewhere, focussing on cross-sectional associations of self-
reqgulation and exposure to violence, numeracy and the home learning environment, EF with
the home learning environment and family characteristics (Cook et al., 2022; Merkley et al.,
2023; Milosavljevic et al., 2023), as well as qualitative insights on child development (Draper
et al,, 2022). Previous multi-national investigations have only considered data from Time 1 in
the current dataset, whereas the current study includes data from two timepoints (in 2020
and 2021, approximately seven months apart; Figure 1) and considers all collected variables
for analysis. More specifically, for the current analysis, predictors of EF were captured at time
1 while EF was captured at both time 1 and time 2 to capture change in EF. The only predictor
variables taken from time 2 were the child’s age (control variable) and whether the child had
started ECCE. Table 1 reports the full list of measures included in the larger study, as well as
whether they were collected at time 1, time 2, or at both time points (an asterisk * denotes
measures included in the current study). A detailed timeline of the COVID-19 pandemic and
restrictions in relation to the study timeline is provided as supplementary material.
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May - June 2020 May - November 2021
Community engagement Data collection: Round 2
(J‘\ 2020 2021 I |
May Sep Dec Jan May Sep Dec

Aug 2020 - April 2021
Recruitment and data collection: Round 1

MEASURE TIME1 TIME2
Caregiver reported v v
Demographic details * v v
Child attending ECCE services * v
Socioeconomic status * v v
Home Learning Environment * v v
Parenting and Family Adjustment Scales * v v
Child Exposure to Community Violence checklist * v v
COVID-19 pandemic related questions v v

Child direct assessment

Executive function - Early Years Toolbox * v v

Early numeracy - Give N v v

School readiness - International Development and Early Learning Assessment v
STUDY SITES

Participants were recruited from four diverse low-income communities within the Cape Town
Metropolitan area. Two of the communities consist of mostly informal housing or dwellings,
which are defined as a makeshift structure, not approved by the local authority, and not
meant for permanent residence. Overcrowding is an issue in these communities (population
density 16,957.67 per km? and 10,120.31 per km?); other challenges include high rates of
unemployment (21% in the Western Cape), food insecurity, alcohol abuse, crime and HIV
(Statistics South Africa, 2011). The other two communities consist of both formal and informal
housing. The population density varies throughout these communities (between 4255.94
per km?and 16553.99 per km?). Gang activity and drug abuse are major challenges in these
communities, in addition to high rates of unemployment (statistics as above), crime, and food
insecurity (Statistics South Africa, 2011).

PARTICIPANTS

This study recruited 243 children aged three to five years (Mg = 4 years, 8 months; 51.9%
female) and their primary caregiver from these low-income settings. Specifically, children who
were not attending ECCE services were recruited however, at the second round of data collection,
just over half of the caregivers reported that their child had started attending ECCE. This is likely
because the second round of data collection occurred in a new academic year meaning that
children who were five- turning six-years-old were able to start their reception year at school
(still considered ECCE as explained earlier), or that family circumstances had changed to allow
the child to attend ECCE services. Although the study set out to recruit children who were not
accessing ECCE services, the delay in the start of the study caused by the COVID-19 pandemic
meant that the second round of data collection fell in a new academic year. Therefore, many
of the child participants who were turning six years old in that year were able to start their
Reception year. Additionally, it was possible that changes in family circumstances in the new
year could result in the child participant being able to attend an ECCE service. Therefore, it was
crucial that this transition was captured and explored as a possible predictor of EF.
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Figure 1 Data collection
timeline.

Table 1 Timing of data
collection measures.

Note: ECCE = Early childhood
care and education.



Recruitment of children and a primary adult caregiver (>18 years) was facilitated through a
community-based organisation who implement a home-based stimulation programme for
preschool age children and their families living in environments characterised by poverty,
unemployment, crime, and violence. Contact numbers of interested caregivers were passed on by
the organisation’s home visit staff to research assistants. Due to COVID-19 restrictions in place at
the time, initial recruitment took place telephonically. As such, the research time called potential
participants to provide information about the study, answer any questions, invite caregivers to
participate, and (once meeting in-person was possible) obtain written informed consent.

From the initially recruited sample of 243, 60 dyads could not be included in the final analyses.
Reasons for insufficient data capture for current analyses were: 11% lost due to inability to
reach the caregiver and child in person at time 1 (due to COVID-19 lockdowns, some of these
needed to be pursued telephonically) and a further 22% at time two. Reasons for this loss to
follow up varied, including change of phone number, losing their phone, or moving out of the
community. Participants lost to follow up did not differ significantly in child age, caregiver age,
caregiver education, household assets, exposure to violence, or the home learning environment.
Demographic data that was missing at Time 1 (including child age, child sex, and caregiver
education) but available at Time 2 was inferred to maximise the available data. Additional
missing data was very low (<2%) and therefore no imputation on available data was done.

MEASURES

Caregiver Questionnaire

The caregiver questionnaire included demographic, socioeconomic and household details, as well
as questions to assess child exposure to community violence, parent and family adjustment, and
home learning environment. Caregivers were asked to provide their child’s age and sex, and to
indicate if they were attending ECCE services (this could have included their reception year, Grade
R, which children can attend in the year they turn 6 years old). Although the study sought to
recruit children who were not accessing ECCE, it was important to include this variable to capture
any changes between the two rounds of data collection that may have occurred as a result of the
new academic year or a change in circumstances for the participants.

Caregiver education level was obtained by asking the caregiver how many years of school they
completed, whether they completed any post school education, and their highest qualification. Total
caregiver education was calculated by summing the total number of years in school and the number
associated with the type of post school education (1 for certificate, 2 for diploma, 3 for degree).

To assess socioeconomic status, selected items (household assets and income range) were
replicated from the National Income Dynamics Survey used nationally across South Africa (http:/
www.nids.uct.ac.za). The household assets survey has 26 items (e.g., television, lounge set, cell phone,
fridge), and caregivers are asked to report whether their household has these items. The household
assets score is a sum of the items present in the household. The income range is determined by
asking the participant’s household income is above, the same as, or less than a certain range.

Child Exposure to Community Violence Checklist (CECV; Martin et al., 2013) was used to assess
the child’s exposure to violence in the past year. The 29-item CECV initially described by Martin
and colleagues (2013) has been used in other South Africa studies of preschool-age children
from low-income settings (Cook et al., 2022; Donald et al., 2018) This contains 29 questions
about whether a child has witnessed or experienced general violent/criminal acts, family and
non-family violence, and or had feelings/experiences of not being safe. Questions are answered
on the following scale: never; once; twice; three to ten times; more than ten times. This scale
yielded a total score with a higher score indicating higher volume of exposure to community
violence. The total CECV showed acceptable internal consistency (alpha =0.72).

Parenting and Family Adjustment Scales (PAFAS; Sanders et al., 2014) is a 30-item inventory to
assess parenting practice and family adjustment. It has been used in South Africa with a similar
sample of child and caregiver pairs from low-income settings (Donald et al., 2018). Each item,
or parenting behaviour (e.g., I praise my child when they behave well), is rated on a 4-point
scale from 0 (not true at all) to 3 (very much true), referring to the past 4 weeks. Scores can
be summed to yield a total score, as well as subscale scores for: parental consistency, coercive
parenting, positive encouragement, caregiver-child relationship, family relationships and
parental adjustment. For each subscale, items were summed such that a higher score indicates
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higher levels of dysfunction. Only caregiver-child relationship (« = 0.83) and family relationships
(e =0.67) showed acceptable internal consistency, and were included in the analysis.

The Home Learning Environment questionnaire (Dawes et al., 2020) was used to assess factors
in the home that influence learning. This questionnaire was developed for use in South Africa
by combining items from the UNICEF Multiple Indicator Cluster Survey (https://mics.unicef.
org) and the Home Learning Environment questionnaire (Melhuish, 2010), which were further
adapted to ensure relevance to the local context. The resultant scale evaluates the quality
of the home environment by asking yes or no questions about the variety of toys and books
available in the home, asking how frequently (never, sometimes or many times) the child
engaged in eight enrichment activities over the last 7 days, the caregivers that did the activities
with the child (e.g., reading books, counting things), and asking how much time (very little,
some time, lots of time) the caregiver has available to spend with their child. The four variables
derived from these questions include (1) the home learning activity (HLA) frequency (i.e., sum
of the different activities the child did with a higher score indicating a higher frequency), (2) the
diversity of caregivers (number of unique caregivers that did HLA activities with the child), (3)
the total books and toys in the house (sum of the yes answers to having a variety of toys and
books in the house), and (4) the total time available to spend with child.

Executive function

EF was assessed using EF measures of the Early Years Toolbox (EYT; Howard & Melhuish, 2017)
suite of iPad-based assessments, namely: Go/No-Go (inhibition), Card Sort (cognitive flexibility)
and Mr Ant (working memory). EYT tasks had integrated audio instructions in local languages to
ensure consistent delivery, sequencing and timing. These measures have been successfully used
in previous studies within South Africa (Cook et al., 2019; Draper et al., 2020) and other Majority
World countries (e.g., Bangladesh: Hossain et al., 2021, Zimbabwe: Munambah et al., 2021). Go/
No-Go asks children to respond to ‘go’ trials (catch a fish by tapping the screen, presented for
80% of trials) and refrain from responding to ‘no-go’ trials (avoid the sharks by resisting tapping
the screen). Inhibition was indexed by an impulse control score that represents the product of
the Go and No-Go proportional accuracy (per protocols of Howard & Melhuish, 2017). Card Sorting
asks children to sort stimuli (i.e., blue rabbits, red boats) first by one dimension (e.g., colour), then
by the other dimension (e.g., shape). There is a third dimension where stimuli must be sorted
by colour if it is surrounded by a black border or, if there is no black border, stimuli are sorted
by shape. Cognitive flexibility was indexed by the number of correct sorts that occurred after
the initial pre-switch trials. Mr Ant asks participants to remember the location of an increasing
number of stickers on a cartoon ant. The task proceeds as follows: Mr Ant appears with one or
more stickers for 5 s; then a blank screen is presented for 5 s; finally, Mr Ant reappears without
any stickers and children tap the locations they believe the stickers were. Working memory is
indexed by a point score that estimates working memory capacity (per protocols of Howard &
Melhuish, 2017). While the structure of EF in Majority World settings and if/how this might differ
across development is not yet settled-and our study was not designed to determine this-our
interest and hypotheses for this early study of risk and protective factors concerned development
of EF more generally (rather than having hypotheses for each EF component). This is compatible
with both one- and multiple-component accounts of EF, as even multi-component models of
EF find robust common variance between factors (whether or not optimal fit is produced by a
one-factor EF model). In creating our EF variable, (Camerota et al., 2020) advocate for modelling
this as a composite (rather than latent) variable - given genuine and consequential questions on
what EF latent variables capture (and the extent to which this is truly a ‘purer’ index of EF that
gives rise to manifest performance on constituent EF indices that comprise the latent variable).
Accordingly, we adopted a composite approach in line with their findings and recommendations.

PROCEDURE

This study was approved by the Ethics Committee of the University of Witwatersrand
(M200104). Written informed consent was provided by adult participants, and parent/
caregiver consent for children. All testing was conducted by trained research assistants who
could speak the home language of participants (isiXxhosa, English or Afrikaans in the current
study) and instructions for the EF tasks were translated into the appropriate home language.
Due to COVID-19 restrictions and that some recruitment areas posed a safety risk to research
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assistants, testing took place in various ways. During South Africa’s lockdown, 30 caregiver
questionnaires were done telephonically. As child testing needed to be done in person, this
occurred once lockdown restrictions eased. For these 30 participants, the time between
caregiver questionnaire and child testing ranged from five days to 95 days (M = 50 days). The
remainder of the questionnaires were administered in person by research assistants and on
the same day as the child tests. For the two areas that posed a safety risk for the research
assistants, testing was done at a central community venue. The children participated in the
tasks individually with guidance from the research assistant. Incentives for participation were
provided, as well as transport reimbursement where necessary.

DATA ANALYSIS

Data were analysed using Stata 17 (StataCorp. 2021). Exploration of the data indicated that
assumptions of planned analyses (i.e., normality, collinearity, etc.) were met. All variables were
checked for outliers, and only four variables had extreme outliers. It was decided that trimming
outliers was not appropriate for this study given the smaller sample size, as it would result in a
loss of information, reduced statistical power, and biased parameter estimates. Given the high
number of potentialindependent variables, bivariate correlations (see table S1 in supplementary
material) and local polynomial regressions were used to determine independent variables that
were important for explaining the variance in the dependent variable. Thereafter, variables
deemed important from these analyses, as well as variables that are considered important
control variables in this field (child age, child sex) were put into the regression models and
removed if non-significant. Regression models were estimated using ordinary least squares.
This was done instead of using a fixed effects model as there were no significant changes
in the prediction variables from time one to time two. Variance Inflation Factor analysis was
run to inspect multicollinearity, VIF for all variables was below 2 indicating that there was no
multicollinearity. Predictor variables age (in all regressions) and Time 1 EF (in regressions that
analyse EF change) were entered into the regression first, to evaluate the amount of residual
variance predicted by hypothesised, followed by additional protective and risk factor variables.
The final additional variables included in the regressions were attending ECCE, diversity of
caregivers, books and toys in the home, and family relationships.

RESULTS
DESCRIPTIVE STATISTICS

Tables 2 and 3 present the sample characteristics and descriptive statistics for all analytic
variables. Twenty-four percent of caregivers in the current sample completed high school (12
years of school). Seventy-four percent of caregivers reported their income as under R3000/month
(~192 USD). The average number of people per household was five. For comparison, South Africa’s
food poverty line for 2021 was R624 per person (Hossain et al., 2021, Munambah et al., 2021), i.e.,
the minimum income an individual needs to meet their daily energy intake), which places even
those with a monthly household income of R3000 below the food poverty line.

LINEAR REGRESSIONS

Table 4 presents the linear regression results for the longitudinal prediction of EF at time two.
Step 1 (child age predicting EF) was significant, accounting for 21% of time two EF variance. The
addition of household and community predictors accounted for significant additional variance
(12%, R?=0.33). Significant predictors for EF at time two included age (p = 0.35, p <0.001) and
attending to ECCE services (f = 0.30, p <0.001), diversity of caregivers (= 0.14, p=0.041), and
books and toys in the house (p =-0.18, p = 0.007).

Table 5 presents the linear regression results for predictors of residualized change in EF from
time one to time two. Step 1 (child age + EF at time 1) was significant, accounting for 32% of
the variance. Step 2 (EF at time 1 + household and community factors) was also significant,
accounting for an additional 9% of the variance (R? = 0.41). Significant predictors for change
in EF were the same as Model 1, plus EF at time 1 (3 =0.37, p <0.001): child age (3 =0.22,p <
0.001), child attending ECCE services (B = 0.26, p < 0.001), diversity of caregivers ( =0.15, p =
0.022), and books and toys in the house (p =-0.14, p =0.031).
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CHARACTERISTICS

TIME 1

Child sex (female)

104 (55%)

Child attending ECCE services (yes) T1:3(1.6%)  T2:94 (55%)
Caregiver post school education (yes) 40 (21%)
Certificate 34 (18%)
Diploma 5 (3%)
Degree 1 (0.6%)
Caregiver relationship to child
Mother 131 (69%)
Grandmother 36 (19%)
Father 9 (5%)
Aunt 10 (5%)
Other 3 (2%)
Monthly household income range
<R750 16 (9%)
R750-R1500 52 (28.5%)
R1500-R3000 70 (38%)
R3000-R6000 36 (20%)
R6000-R11000 7 (4%)
R11000-R27000 0
>R27000 1(0.5%)
TIME 1 TIME 2
MEAN SD MIN MAX MEAN SD MIN MAX
Executive function
Composite score 0 0.72 -1.8 1.78 0 0.71 -2.4 1.18
Inhibition 0.60 0.23 0 1 0.72 0.21 0.10 1
Cognitive flexibility 7.77 2.15 2 12 8.16 273 0 12
Working memory 1.54 0.80 0 3.33 1.99 .82 0 4
Demographics
Child age (months) 57 6.9 35.15  70.73 64.2 6.84 4251 7861
# languages spoken at 1.21 0.46 1 3
home
Caregiver education 10.15 2.28 1 15
# children in house 2.98 1.46 1 9
Household asset score 7.96 3 1 19
Home learning environment
HLA frequency score 10.34 3.02 3 16
Diversity of caregivers 1.02 0.43 0 3.25
Books and toys in home 2.59 0.96 0 4
Time with child 4.05 1.77 2 6
PAFAS
Caregiver-child relationship 2.48 2.38 0 13
Family relationships 3.67 2.51 0 11
CECV
CECV total score 13.38 10.76 0 59
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Table 2 Descriptive
characteristics of the sample.

Note: ECCE = early childhood
care and education.

Table 3 Descriptive statistics
for continuous variables
included in analysis.

Note: HLA = home learning
activities. PAFAS = Parent and
family adjustment scale. CECV
= child exposure to community
violence.



STEP 1 1] p VALUE
Child age 0.35 <0.001
r’=0.21, p<0.001
STEP 2 1] p VALUE
Child age 0.35 0.001
Child attending ECCE services ~ 0.30 0.001
Diversity of caregivers 0.14 0.041
Books and toys in the house ~ -0.18 0.007
Family relationships -0.03 0.642
r?=0.33, p<0.001
STEP 1 i} p VALUE
Child age 0.29 <0.001
EF at time 1 0.37 <0.001
r2=0.32, p<0.001
STEP 2 i} p VALUE
Child age 0.22 0.003
EF at time 1 0.32 <0.001
Child attending ECCE services  0.26 <0.001
Diversity of caregivers 0.15 0.022
Books and toys in the house  -0.14 0.031
Family relationships 0.01 0.823

r’=0.41,p<0.001

DISCUSSION

The current study aimed to investigate longitudinal risk and protective factors for EF in preschool-
age children from low-income settings in South Africa. A child’s age, and if they were attending
ECCE services, were the strongest predictors of EF. Diversity of caregivers -the number of
caregivers that did learning activities in the home with the child - was the only other household
and community factor that was positively associated with EF. Books and toys in the house were
also associated with EF but in the reverse direction to what was predicted. These predictors
remained the same when looking at change in EF. These results add to accumulating evidence
predictors of EF established in Minority World contexts may not be consistent across contexts
(Milosavljevic et al., 2023). For example, caregiver education and household socioeconomic
status, commonly reported as predictors of EF, were not significant in this sample whereas
diversity of caregivers, something that is not often considered in samples from Minority World
countries, was significantly associated.

Although this study was aimed at measuring predictors of EF in children that did not have access
to ECCE services, due to delays caused by COVID-19 and lockdowns, some children had started
their reception year (Grade R), preschool, or creche before time two of data collection. While the
amount of exposure to ECCE would have varied within those who commenced (the specific ‘dose’
of which was not captured in this study), merely enrolment in ECCE predicted status and change
of EF in this sample. This finding aligns with a study in Zambia that showed children participating
in ECCE outperformed their no-ECCE peers on a pencil tap inhibition task by 2.82 times (McCoy et
al, 2017). Although in this study we model the prediction of EF by attending ECCE, it is possible
that this relationship might work in the opposite direction as well. A study in Zambia showed that
children who had better EF were more likely to be enrolled in school early (McCoy, Zuilkowski,
et al, 2015), perhaps related to caregiver decisions based on early EF skills predicting a better
transition to school (Helm et al., 2020). This is one of the few replications of findings from Minority
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Table 4 Linear regression
predicting EF at time 2 (N =
171).

Note: ECCE = early childhood
care and education.

Table 5 Linear regressions
predicting change in EF
between Time 1 and Time 2.
Note: ECCE = early childhood
care and education. * p < 0.05.



World settings, such that ECCE services are beneficial for aspects related school readiness and
success (Davies et al., 2021; Little, 2021; Sasser et al., 2017).

Arecent qualitative study conducted with a sample of caregivers from the same settings as this
study revealed that children who were not attending ECCE services tended to have autonomy
over their day, whether that was playing outside or watching television (Draper et al., 2023).
This is different to children who were attending ECCE services, in which a large portion of their
day followed some level of routine and structure. Therefore, it is possible that in this sample,
the transition from being at home to a classroom environment might challenge and develop
different EF skills to what might be developed in the home and community environment. For
instance, EF supports learning by allowing children to work with information in mind, remain
focused and resist task-irrelevant distractions, and flexibly shift attention between information
and requirements. It is worth noting that the children in the current study were receiving
structured activities and stimulation through the home visiting programme. However, the
home visits were only once per week for up to 45 minutes at a time, delivered individually, and
were aimed at helping the caregiver provide educational stimulation for their child.

The only additional significant household or community predictors were diversity of caregivers,
and books and toys in the house. The finding that diversity of caregivers positively predicts EF
is in contrast to the null associations found in the recent cross-sectional study in The Gambia
and South Africa (Milosavljevic et al., 2023). Diversity of caregivers has not typically been
considered in previous EF studies, as most of the research settings in Minority World Countries
assume nuclear family structures. More recently, certain aspects of collectivist cultures have
been viewed as a strength or ‘hidden talent’ of many Majority World Countries (Ellis et al.,
2022), with research starting to consider different family and child care structures (Weber et al.,
2021). Multi-generational households are more common in Majority World Countries in which
care of children is shared amongst the family and/or community members. In the current
study for example, the average number of adults in the house was three, with many caregivers
reported living near their extended family who also played a role in caring for their child. The
potential reasons that having a variety of caregivers might be EF promotive or protective is
not yet known. However, the qualitative interviews with some of the caregivers revealed the
importance of social support from their family and community for their own mental health and
for the development of their child (Draper et al., 2023).

The family relationships subscale from the PAFAS questionnaire used in the current study asked
about family relationships more directly, yet was not associated with EF in the regression
analysis. Perhaps the home learning environment questions (asking who did enrichment
activities with the child) was a better indicator of social support by highlighting the adults who
were involved in caring for the child. There may be other reasons having a diversity of caregivers
is beneficial for EF such as requiring the child to negotiate relationships and remember different
sets of rules, or the presence of a wider support network for the child. Nonetheless more
qualitative work is needed to better characterise family dynamics in these contexts. This is
crucial as Western-derived parenting interventions have been criticised for being insensitive to
the local culture (Weber et al., 2021) and future work needs to address this.

Books and toys in the house predicted EF in this sample, in the opposite direction to what
was expected. No other aspects of the home learning environment (frequency of enrichment
activities, time available to spend with child) were significantly associated with EF. Research on
the impact of the home learning environment on early cognition and development has yielded
mixed results. For example, the non-association in the current study replicated a previous
cross-sectional study that found no associations between numeracy skills and the home
learning environment (Merkley et al., 2023) and was in line with a longitudinal study conducted
in the United States that found no evidence for longitudinal links between the home learning
environment (measured using the HOME inventory) and EF at age 15 (Ahmed et al., 2018). While
other studies even within South Africa have identified modest, positive associations between
home learning opportunities and EF in five-year-old children (Drago et al., 2020). It is possible
that as items relied on caregiver report, that the caregivers may be over- or under-reporting
the amount of home learning activities or books and toys and thus confounding the results.
Or, in the case of books and toys in the home, having books and toys does not necessarily
mean that caregivers are using these for enrichment activities with their child. Furthermore, the

Cook et al.
Journal of Cognition
DOI: 10.5334/joc.377

11



HLE questionnaire used in the current study focuses on counts of resources and does not ask
about quality of resources which is likely to influence the use and impact. On the other hand,
the presence of books and toys in the house might be countered by the possibility that less
resources could lead to more creative stretching of the imagination requiring EF for creativity
and flexible thinking. While the home learning environment assessment was created for use
within the South African low-income context, it is possible that the questionnaire does not
capture enough of the nuance needed to detect differences in the home learning environment
beyond caregiver report.

The non-associations with other predictor variables (exposure to violence, number of siblings,
household income, caregiver-child relationship, and caregiver education) both in the bivariate
correlations and regression analysis echo results from previous cross-sectional studies in these
settings (Cook et al., 2022; Merkley et al., 2023; Milosavljevic et al., 2023), and ongoing research
in Majority World Countries is revealing more inconsistencies when it comes to predictors of EF
(Mousavi & Gharibzadeh, 2021). Reasons behind these inconsistencies might be related to cultural
and contextual norms in these settings. For example, although 80% of the sample were exposed
to at least one type of violence, qualitative interviews revealed that caregivers maintained that
their community is safe, or that crime is not a problem, despite being quick to give examples of
crimes committed in their community (Cook et al., 2022; Draper et al., 2023). Therefore, violence
may be normalised to the extent that it does not exert maladaptive or negative effects on EF,
or that the effects may only manifest later in childhood. Or that stress from violence is more
subjective than is implied by indices that simply measure exposure. This highlights the complexity
of these settings and the need to collect more detailed information that could identify whether
a certain factor, for e.g., the presence of a father, is a positive or negative thing. This type of
nuance might only be captured through mixed methods that include some form of ethnography
or qualitative methods. Similar levels of detail may be needed to detect associations with EF
when measuring household socio-economic status as well. In the current study, both household
assets and income range were used as an indication of household socio-economic status, but
neither were associated with EF. Nevertheless, household assets has been found to be a more
stable predictor in settings where household income fluctuates by season (Howe et al., 2012).
However, factors such as food insecurity and under-nutrition may have more salient effects on
EF, and these may not be captured as accurately in questionnaire measures of socioeconomic
status. Regarding caregiver education, it is possible that the current sample did not have enough
variation in levels of education to detect an impact on EF, with most having done at least
some years of high school and only a fifth of the caregivers reporting post-school education.
Therefore the positive effect of higher caregiver education on EF may only be seen when levels
vary drastically such as those found when comparing mothers with no school and those with
secondary school in a Madagascan study (Fernald et al., 2011).

The life history and hidden talents approach provides potential reasons for the inconsistent results
found in the current study and others from low-income settings in Majority World countries. This
approach suggests that there is cognitive growth resulting from early life adversity, particularly
through harsh environments that include threat and unpredictability (Ellis et al., 2022). The
cognitive requirements of these contexts (e.g., vigilance, resisting tempting but risky responses,
flexible attentional shifting) may confound or even counteract some of the negative effects of
adversity on EF. A recent review on the impacts of early life adversity highlighted the complexity
of its impacts on children’s mental health and cognitive functioning (Wade et al., 2022). The
review identified three distinct but often related forms of early life adversity including threat,
deprivation, and unpredictability. There is evidence that shows deprivation (i.e., neglect), but not
threat, is associated with lower EF (Sheridan et al., 2017) while the predictability aspect remains
understudied. Therefore, future studies should aim to investigate all three aspects of early life
adversity taking into account the potential cognitive advantages as well.

Although the caregiver-child relationship did not emerge as a significant predictor of EF in this
study, previous qualitative work in these settings (Draper et al., 2023) highlight the crucial role
played by caregivers in early childhood development more generally, along with the evidence
emphasising the importance of responsive caregiving as part of nurturing care (Britto et al,,
2017). Given the challenges of assessing responsive caregiving across cross-cultural settings, it
is possible that the current study did not fully capture the aspects of caregiving that positively
influence EF in these settings.
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STRENGTHS AND LIMITATIONS

EFis arelatively new construct to capture in South African contexts, but encouragingly, evidence
from this study and previous research shows strong task properties and data distributions
approximating those in other Majority World contexts (Cook et al., 2019; Cook et al., 2023;
Howard et al.,, 2020). The current study included a particularly understudied sample, even
within South Africa as the majority of studies with preschool-age children are done within the
school setting despite the fact that 30% of South African children aged three-five years do
not attend an ECCE service (Hall et al.,, 2019) In doing so, the study had a particular unique
(unintended) finding: that commencing some form of ECCE (starting reception year at a formal
school or attending an ECCE centre) had a pronounced effect on EF.

Although the longitudinal nature of this study builds on some of the recent cross-sectional
work, the time frame between the two rounds of data collection was shorter than intended
(due to the COVID-19 pandemic) and potentially not long enough to truly measure the effects
of the child’s environment on EF and changes in EF. Encouragingly, this study provides new
insights into EF in South African contexts and provides crucial considerations for future studies
such as the need to include ethnographic and qualitative methods to capture the context more
accurately reflect local norms and perspectives.

CONCLUSION

The current study provided further evidence showing that the predictors of EF in Majority
World Countries may not look the same as those in Minority World Countries. This study
builds directly on previous cross-sectional studies and provides insight and direction for
future longitudinal research. It also highlighted the need to use qualitative and ethnographic
methods to collect more detailed information about children’s environments, from the
perspective of the child, family, and community to better understand and interpret the
potential impact on EF and other aspects of development. The finding that attending
ECCE services positively predicted EF, highlights the benefits of ECCE services and provides
additional data to support the prioritising and funding of ECCE for children from low-income
settings.
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