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ARTICLE INFO ABSTRACT

Keywords:
Adolescence

Few studies have isolated associations between socioeconomic status (SES) and executive function (EF) in
adolescence, when EF inequalities may be particularly consequential for academic attainment. Using data from
the Study of Cognition, Adolescents and Mobile Phones (n = 2726) and multiple regressions, we evaluated re-
lationships between SES indices (parental education and occupation, area-level deprivation, and household
poverty) and EF tasks, controlling for demographic factors. Replicating findings from childhood, latent SES and
EF measures associated cross-sectionally at age 12 (f = 0.11, [0.07, 0.15]). We further observed a small increase
in the socioeconomic EF gradient between 12 and 14 years (p = 0.07, [0.04, 0.11]), with which was specifically
associated with parental occupation and household poverty. Working memory span tasks were particularly
sensitive to SES. Our results highlight specific SES-EF associations during adolescence and could help identify
pupils at risk for cognitive, and therefore academic, challenges who may benefit from targeted support.
Educational relevance and implications: Individual differences in EF skills associate with educational outcomes
across development, as well as health and occupational outcomes in adulthood. This study demonstrates that, in
a UK sample, SES not only associates with individual differences in EF in childhood, but that over a period as
short as two years, parental occupation and household poverty (but not parental education or area deprivation),
associate with small but significant increasing differences in adolescents’ working memory skills. By isolating
specific associations between aspects of SES and EF inequalities, this study suggests family level factors have an
enduring influence on cognitive skills into adolescence, which may contribute to the trend of increasing
attainment inequalities seen in this age group. The findings help to narrow the pool of likely causal explanations
for social inequalities in EF skills and may help to identify pupils who are at risk for cognitive, and therefore
academic, challenges.

Executive function
Socioeconomic status
Working memory
Individual differences

1. Introduction

Executive functions (EFs) are a set of cognitive processes that enable
the production of goal-directed, non-automatic behaviours (Miyake
et al., 2000). They allow individuals to flexibly navigate through life by
conscious planning and strategising. Hence, these skills associate with a
host of educational, health, and occupational outcomes (Ahmed et al.,
2019; Diamond, 2013; Galioto et al., 2018; Letkiewicz et al., 2014).
Globally, a small to moderate socioeconomic gradient in EF is seen
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within countries whereby children from deprived backgrounds score
lower on measures of EF than their peers (Lawson et al., 2018). EF in-
equalities partly mediate the association between SES and attainment
(Ding et al., 2024) and are likely to be particularly consequential during
adolescence, where low attainment limits an individual’s higher edu-
cation and career opportunities. However, little is known about the
specificity of the association between markers of SES and EF, or about
the relationship between SES and EF, in adolescence.

SES, the relative disparity between individuals in terms of access to
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resources and opportunities (e.g., Destin et al., 2012; Moya & Fiske,
2017; Ross & Mirowsky, 2008), is a multifaceted construct which can be
operationalised in a number of different ways. Studies tend to use
composite SES indices or focus on a single aspect of SES, typically
parental education level or household income, with fewer studies
focusing on parental occupation (Lawson et al., 2018). These factors
tend not to show correlations greater than r = 0.5 with one another
(Farah, 2017) and are likely to index different mechanisms through
which SES might influence cognitive development. Bukodi and Gold-
thorpe (2013) suggest that parental education can be viewed a marker
for educational resources, including learning resources in the home and
capacity to support the child with their learning and in navigating the
education system. When different SES indices are modelled together,
Bukodi and Goldthorpe (2013) suggest that parental occupation indexes
sociocultural resources (e.g., social networks, parental and cultural
values and expectations, engagement with culturally enriching activ-
ities), linking this to the concept of social class, and that household in-
come acts a marker of financially determined resources (e.g., nutrition
pre- and post-natally, extra-curricular activities and tutoring). Using
data from the British Birth Cohort Study, Schoon et al. (2021) showed
that parental education, parental occupation and household income all
explained unique variance in child cognitive skills. These results
demonstrate how focusing on the same few individual-level indices of
SES may not adequately capture the complexity or the full extent of the
relationship between SES and EF.

Several recent neuroimaging studies have additionally highlighted
the potential significance of often overlooked neighbourhood level SES
factors which may index access to services (e.g., healthcare, high quality
schools; Shucksmith et al., 2023) as well as exposure to pollutants (e.g.,
lead, noise, pesticide and other neurotoxins; Herting et al., 2019;
Thomas & Coecke, 2023). A large scale study of 8-23 year-olds from
Philadelphia showed that area-level deprivation, measured as a
weighted factor score of census-derived data (e.g., median family in-
come, percent people in poverty, percent of residents who are married)
in the local area, was associated with lower activation of fronto-parietal
task-relevant brain regions during a 2-back task, including when con-
trolling for parental education (Murtha et al., 2022). Rakesh et al.
(2021) have documented more widespread alterations in brain activity
that appear to be linked to area-level deprivation in another US sample,
aged 9-11 years. Neighbourhood deprivation was related to lower be-
tween- and within-network resting state functional connectivity in
sensorimotor and higher-order networks (e.g., default mode; dorsal
attention), and these differences in connectivity were significantly pre-
dictive of EF task performance, measured by a baseline cognitive task
battery. Area-level deprivation may therefore be a dimension of SES
with important consequences for EF development, in addition to
parental education, income and occupation. As both studies were cross-
sectional, further evidence is needed to determine when area-level
deprivation may be meaningfully related to EF development.

Some possible mechanisms through which SES might affect cognitive
development would be expected to impact the development of the whole
brain (Johnson et al., 2021), e.g., diet (Verstynen et al., 2012). By
contrast, it has recently been argued that adverse experiences during
development, such as growing up in poverty, should selectively impact
specific cognitive skills; skills that are relevant to functioning in one’s
environment may be heightened whilst others may be negatively
impacted through mechanisms such as chronic stress or lack of cognitive
stimulation (e.g., by Amir et al., 2018; Frankenhuis & Nettle, 2020;
Mittal et al., 2015). Specifically, there is some evidence that skills that
help individuals growing up in adversity to cope with high levels of
uncertainty (e.g., being able to rapidly shift attention) are a relative
strength for disadvantaged individuals (Mittal et al., 2015). A better
understanding of the specificity or generality of associations between
SES and EF would inform the choice of targets for interventions trying to
mitigate the downstream consequences of SES on educational outcomes.

Studies have predominantly focused on SES associations with
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cognitive development in early childhood despite evidence indicating
that EF skills, and the brain regions supporting EF, continue maturing
into the early 20s (Huizinga et al., 2006; Simmonds et al., 2017). Early
adolescence represents the most rapid period of cognitive development
after infancy and has therefore been referred to as a second window of
vulnerability/opportunity (Fuhrmann et al., 2015). EF skills show rapid
development during early adolescence (Ahmed et al., 2022) and may
therefore be particularly sensitive to environmental influences during
this period. Further, since adolescence is characterised by heightened
social comparison and increased autonomy (Choudhury et al., 2023),
existing inequalities in cognitive skills may be exacerbated by the de-
cisions that young people make. For example, it has been suggested that
a process of disillusionment with education occurs for low SES pupils
during adolescence. They are thought to reduce the effort they put into
schoolwork as they become cognisant of SES-linked differences in access
to opportunities and come to understand the substantial cost of entering
into higher education (Caro et al., 2009; Guo, 1998), compounding the
pre-existing inequalities between them and their more affluent peers in
terms of exposure to cognitively stimulating activities. Adolescence is
both a distinct developmental stage in terms of EF and a time where
social and academic pressures are heightened relative to earlier in
childhood.

Lawson et al.’s (2018) meta-analysis suggests that general associa-
tions between SES and EF may be more likely than specific associations,
at least in childhood (only 2/33 studies involved adolescents). Studies
using composite measures of EF showed the largest SES effect sizes (r =
0.28), followed by working memory (WM) measures, attention shifting,
inhibitory control (IC), and other abilities such as planning. Convergent
results in predominantly childhood samples were reported by Tucker-
Drob (2013), who found that parental education level had non-specific
relationships with different cognitive measures and by Bignardi et al.
(2024), who found a moderate association between an SES composite
and general cognitive ability using data from three cohort studies, whilst
associations with specific EF measures were mostly small and non-
significant or inconsistent across cohorts. However, Lawson et al. note
that stronger general associations could have been observed because
composite measures are more reliable than individual EF measures in
young children. The more psychometrically robust EF measures avail-
able for adolescents may allow a better differentiation of specific vs.
general SES - EF associations.

Adolescents may also show greater specificity of SES-EF associations
than children as EFs become more differentiated over the course of
adolescence (Karr et al., 2018; Lee et al., 2013). Moreover, since SES
tends to remain stable (Hackman et al., 2015), by adolescence there may
be a cumulative effect of familial relative socioeconomic standing,
making the effects of factors related to different aspects of SES more
pronounced. Finally, different aspects of SES may also differentially
affect EF development during childhood compared to adolescence.
During adolescence, the influence of parents relative to peers on deci-
sion making decreases (Icenogle & Cauffman, 2021), so SES factors
outside of the family could potentially become more important at this
stage.

Different aspects of SES tend to correlate and therefore explain
shared variance in developmental outcomes, so multiple aspects of SES
need to be modelled together to identify specific associations. To date,
only three published studies (Donati, Dumontheil, & Meaburn, 2019;
Madhushanthi et al., 2020; Sutin et al., 2022) have modelled together
multiple SES and/or EF indicators when exploring SES-EF associations
during adolescence (see Table 1 for details of these studies). Across
studies, aspects of family level SES were significant predictors of EF and
in all studies WM skills were identified as being sensitive to SES in
adolescence with effect sizes up to r = 0.29 reported. However, they
provide inconsistent evidence regarding the sensitivity of inhibitory
control to SES, with both Donati et al. and Madhushanthi et al. testing its
association with parental occupation and reporting effect sizes different
by a magnitude of nearly 3x. Any further comparisons between these
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Table 1
Description of the study design and results of three previous studies of specific
SES-EF associations.

Donati et al. Madhushanthi Sutin et al. (2022)

(2019) et al. (2020)
Location Southwest Galle Sri Lanka Australia-wide
England
Design Longitudinal Cross-sectional Longitudinal
Sample size 5838 (with 200 4164 (with
imputation) imputation)
Sex 52 % females Females only 48.8 % females
SES measured at measured at measured at 10-11
0-8 years 11-14 years years
EF measured at measured at measured at 15 years
10-17 years 11-14 years
Parent education N/A fWM = 0.26 A composite of these
BIC = —0.13 (n. indices positively
s.) predicted attention
Parent occupation r'WM = 0.29 fWM = 0.09 (n. and error monitoring
rIC = —0.07 s.) but not WM.
BIC = —0.20 (n.
s.)
Household income N/A fWM = —0.02
(n.s)
BIC = —0.09 (n.
s.)
Area deprivation N/A N/A Positively predicted

WM and attention
but not error
monitoring. {

Notes. WM: working memory; IC: inhibitory control.
T No standardised effect sizes were reported in this study.

studies in terms of specific SES-EF associations are difficult to draw due
to differences in design and SES and EF measures employed.

Unlike Donati et al. (2019) and Sutin et al. (2022), Madhushanthi
et al. (2020) looked at associations between individual SES indices and
EF, holding other aspects of SES constant. Their results may therefore
give a clearer indication of the unique contributions of different aspects
of SES to EF, whereas SES effects in the other studies may be partially
explained by the associations of these measures with other, non-
modelled, aspects of SES. However, Madhushanthi et al. did not con-
trol for area deprivation, so the family level SES effects they occur may
be picking up on neighbourhood factors. To our knowledge, no previous
studies of child or adolescent samples have simultaneously modelled the
associations of parental education, income, and occupation and area
deprivation with EF, so it is not clear which aspects of family level SES (if
any) predict EF controlling for area deprivation and whether area
deprivation predicts EF controlling for family level SES.

Importantly, despite there being a lag between SES and EF mea-
surement in Sutin et al. (2022) and Donati et al. (2019), none of these
studies isolate SES effects that unfold specifically during adolescence by
including a late childhood measure of EF. Longitudinal (baseline cor-
rected) studies with a comprehensive set of SES indicators are needed to
advance our understanding of the precise nature of SES-EF associations
during adolescence. Given the substantial concurrent associations be-
tween SES and EF, studies that look at time 1 SES as a predictor of time 2
EF without time 1 EF measures may also simply be picking up on EF-EF
or SES-SES associations. Baseline corrected (or cognitive change) studies
can also help to rule out this possibility.

Here we used SES and longitudinal cognitive data from the UK Study
of Cognition, Adolescents and Mobile Phones (SCAMP; Toledano et al.,
2018; https://scampstudy.org/), to explore the relative predictive
power of different indices of SES (parental education, parental occupa-
tion, area level deprivation, income poverty) for specific EF outcomes.
We predicted that SES would significantly associate with EF cross-
sectionally in early adolescence (10-13 years, H1) and longitudinally
(13-15 years), controlling for EF at 10-13 years (H2). We further pre-
dicted that different SES indices would show some specific associations
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with EF during adolescence, and that SES may differentially associate
with specific EFs (H3i). We did not make any predictions about the
nature of specific associations, given the limited and inconsistent
research done with this age group and our SES indices (Table 1). How-
ever, we expected to observe evidence to support the notion that SES-EF
relations during adolescence are specific rather than general (H3ii),
since EFs are thought to become more differentiated through
adolescence.

Since only single measures of shifting and inhibition were completed
in SCAMP, we were not able to employ a comprehensive latent variable
approach so models testing the sensitivity of different aspects of EF to
SES focused on performance on individual EF tasks. SES-EF associations
were compared with associations between SES and more general mea-
sures of cognition, namely non-verbal reasoning and language ability,
which have both been shown to associate with SES in childhood (e.g.,
Piccolo et al., 2016).

2. Methods
2.1. Ethics

The original SCAMP study protocol and subsequent amendments
were approved by The North West-Haydock Research Ethics Committee.
Ethical approval for the linkage of SCAMP data with National Pupil
Database data for the purposes of RCP’s PhD project was granted by the
Imperial College London Research Ethics Committee (Protocol number
141C2067, version 4, 29/07/2014).

2.2. Participants

This study included 2726 secondary school pupils (54 % female)
from the SCAMP study. SCAMP is a longitudinal cohort study (N = 6905)
which followed adolescents, recruited from the Greater London area in
the UK, through secondary education. It involved the completion of a
battery of cognitive and demographic measures at two time points
during early to mid-adolescence. These data have been linked with
school records from the National Pupil Database. Time 1 (T1) data were
collected in 2014-2016 when participants were in Year 7 (age range
10.4-13.5 years, M = 12.06, SD = 0.38), and time 2 (T2) data were
collected in 2016-2018 when participants were in Year 9/10 (age range
13.0-16.0, M = 14.29, SD = 0.48). Please see Supplemental Materials
and Supplementary Fig. S1 for an explanation of the exclusion criteria
for the present study. Tasks were completed in a fixed order so, due to
time constraints and differences in completion speed between partici-
pants, the number of participants differs for each task. Some de-
mographic information was also missing as this was acquired through
optional self-report. Table 2 summarises demographic information for
the sample included in our analyses and a comparison with the statistics
for the London region and for England (where available; see Toledano
et al., 2018 and Supplementary Materials Table S1 for information on
the complete cohort).

Compared to national figures, the sample included in the analyses
had a smaller proportion of participants who were white or had English
as their first language, a higher proportion of parents who had attended
university, a skew towards higher occupations (note we took the highest
occupation of the two parents in our sample), lower area level depri-
vation, and a comparable proportion of free school meal recipients. This
reflects, in part, differences between the London region and England as a
whole.

2.3. Measures

Cognitive tasks and questionnaires were designed and completed
through Psytools software (Delosis Ltd.; https://www.delosis.com/p
sytools/) as a whole class during the participants’ IT lessons in their
school computer suites. Tasks which are generally administered as pen
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Table 2
Demographics of the included sample compared to regional and national figures.
SCAMP London figures England figures
subsample
First language 2713
English 1483 (55 60 %" 85 %"
%)
English learnt at the 674 (25 39 % 15 %
same time as another %)
language
Not English 556 (20
%)
Ethnicity 2726
White (British, Irish, 904 (33 40 %" 76 %°
other) %)
Black (Caribbean, 477 (17 21 % 5%
African, other) %)
Asian (Indian, 822 (30 22 % 11 %
Pakistani, %)
Bangladeshi, Chinese,
other)
Any mixed race 310 (11 9% 5%
%)
Other ethnic group or 213 (8 %) 8 % 3%
unclassified|
Number of university 1934
educated parents
0 730 (38 60 % of 38 % of
%) individuals >16 individuals >16
1 443 (23 years are years are
%) university university
2 761 (39 educated” educated”
%)
Parent highest 2335
occupation
0 - Never worked and 0 (0 %) 11 %" 9%"
long-term
unemployed
1 - Routine 91 (4 %) 10 % 12 %
occupations
2 - Semi-routine 248 (11 10 % 11 %
occupations %)
3 - Lower supervisory 146 (6 %) 4 % 5%
& technical
occupations
4 - Small employers & 456 (20 12 % 11 %
own account workers %)
5 - Intermediate 227 (10 11 % 11 %
occupations %)
6 - Lower managerial, 459 (20 23 % 20 %
administrative & %)
professional
occupations
7 - Higher 555 (24 19 % 13 %
professional %)
occupations
8 - Large employers, 153 (7 %)
higher managerial &
administrative
occupations
Area-level deprivation 2651
1 — least deprived 156 (6 %) 20 %° 20 %°
2 330 (12 20 % 20 %
%)
3 442 (17 20 % 20 %
%)
4 664 (25 20 % 20 %
%)
5 — most deprived 1059 (40 20 % 20 %
%)
Free school meals status 2617
Eligible 493 (19 18 %" 13 %"
%)
Not eligible 2124 (81 82 % 87 %

%)

Notes. Percentages are expressed as the proportion of included participants with
data for that measure that belong to a given category. Ethnicity classifications
are based on the UK Office for National Statistics classification system: https
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://www.ons.gov.uk/methodology/classificationsandstandards/measurin
gequality/ethnicgroupnationalidentityandreligion.

f Other/unclassified ethnicity was not included in the models due to low
counts and because we take ethnicity to be a measure of cultural background and
“other” is unlikely to represent a homogenous group of students.

# Secondary state school pupils in January 2016 (GOV.UK, 2016).

b 2021 Census data on all adults aged over 16 (Office for National Statistics,
2022).

¢ The expected distribution for area-level deprivation is 20 % in each category
as the index divides the region of interest into quintiles.

and paper measures were adapted to be run on computers (see Toledano
et al., 2018 for details of the complete task and questionnaire battery).
Data on Free School Meals status and Key Stage 2 Reading Standardised
Assessment Tests (SATs) were obtained from the UK Department for
Education’s National Pupil Database.

2.3.1. Cognitive measures

The cognitive tasks are briefly described below. They were included
in the SCAMP battery as they are developmentally appropriate for the
age group studied. The original versions of all measures have been
demonstrated to show adequate to excellent psychometric properties (e.
g., see Bailey et al., 2018; Bombin et al., 2013; Cattell et al., 1960;
Cooper & Stewart, 2017; Karlsen et al., 2022).While the presentation of
the Backwards Digit Span task and Corsi span task were adapted for
computerised assessment and use a staircase adaptive design to reduce
testing time, the correlations between these tasks and between these
tasks and the CFT, as a proxy for IQ, are on par with those observed with
a more standard testing format (e.g. Morris et al., 2019). For more de-
tails, on the measures used please see Filippi et al. (2022) and for
example stimuli see Supplemental Material Figs. S3 and S4.

2.3.1.1. Trail-making test (TMT). A version of the TMT (Adjutant Gen-
eral’s Office, 1944) measured cognitive flexibility. In the letters condi-
tion, dots were labelled with letters and participants had to click them in
alphabetical order. In the switching condition, dots were labelled with a
number or a letter and participants were required to click these in
alternating alphabetical and numerical sequences. The measure of task
performance is the residual of the time to complete the numbers/letters
condition after covarying the time to complete the letters condition. This
measure reflects relative response time on the switching block compared
to the single sequence block, a higher value reflects a greater switch cost.

2.3.1.2. Backward digit span (BDS). Verbal WM was measured with a
variant of the BDS task (Dumontheil & Klingberg, 2012). Single digit
numbers were presented visually individually, participants were
required to reproduce the number sequence in reverse order using a
numerical response pad displayed on screen. Sequence length could vary
between 2 and 9 and was increased or decreased incrementally
following the staircase/Levitt procedure (Levitt, 1971). The measure on
this task was the average of the mean sequence length of trials with a
correct response and the mean sequence length of trials with an incor-
rect response.

2.3.1.3. Spatial working memory task (SWM). The SWM was used to
measure spatial WM and planning and was adapted from the Cambridge
Neuropsychological Testing Automated Battery (Luciana & Nelson,
2002) task of the same name. The task required participants to click on
ringing telephones to answer them. Participants had to work out which
phone was ringing at a given time and answer that phone, while
recalling which ones had already rung to avoid selecting the same phone
twice. Four levels played out in ascending order of difficulty (4, 6, 8,
then 10 phones). Measures were the total number of errors and a
strategy score, which reflects planning and is the number of excess
switches of the starting location on each search at levels 6, 8 and 10 (this
is based on the assumption that starting the search in the same location
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on each trial, except if this phone has already rung, would aid perfor-
mance and reflect planning). A higher strategy score reflects a less
efficient strategy.

2.3.1.4. Corsi block tapping task. An additional measure of visuo-spatial
WM was a computerised version of the Corsi task, similar to the task
used by Dumontheil and Klingberg (2012). Participants saw a 4 x 4 grid
of 16 circles which lit up individually in a pseudo-randomised sequence
and were asked to reproduce the sequence by clicking the circles in the
same order in an empty array. The number of dots changed in a staircase
fashion and the performance measure was calculated in the same way as
for the BDS task.

2.3.1.5. AX-continuous performance task (CPT). An adapted form of
Brocki and Bohlin’s (2004) AX-CPT was used. On each trial, the letters
“A”, “B”, “C”, “D”, or “X” were presented and participants were asked to
respond with a key press if an X followed an A. The test phase comprised
54 trials, with 9 targets. A range of different error types can be consid-
ered on this task. As the number of trials and the number of errors were
low, the key measure was the total number of errors, i.e., the sum of
omission errors (not pressing when an X followed an A) and the number
of commission errors (pressing for a sequence other than A-X), which
reflects inattention, impulsivity, and disinhibition.

2.3.1.6. Cattel’s culture fair test (CFT). We used stimuli from the Cat-
tel’s Culture Fair Test (Cattell et al., 1960) Form A, Scale 2 as a measure
of non-verbal reasoning, specifically the Odd One Out and Complete the
Pattern subtests. Participants had three minutes for each task to com-
plete as many trials as possible (up to 14 for Odd One Out; up to 11 for
Complete the Pattern). The measure on this task was the total number of
correct trials on the two subtests.

2.3.1.7. Reading SAT. All British pupils educated in state funded pri-
mary schools take SATs in the summer of their final year of primary
school (Year 6; age 11). We used participants’ reading SAT score as our
measure of language skills (scale = 3-6).

2.3.2. SES indices

2.3.2.1. Number of parents who attended university. We created a total
number of parents who attended university variable (0, 1 or 2; see
Supplemental Materials for details).

2.3.2.2. Parental highest occupation. Pupils’ reports on the occupations
of their parents were translated into an occupational prestige ranking for
each of the pupil’s parents, with possible ratings from O to 8 based on the
Office for National Statistics (2010) classification system. We took the
highest occupation classification of the pupil’s parents as the index.

2.3.2.3. Area-level deprivation. We calculated relative area-level depri-
vation according to the Carstairs’s Index (Carstairs & Morris, 1990)
using pupils’ postcodes. The index used 2011 Census data to calculate an
area’s relative deprivation level on a scale of 1 to 5 (quintile 1 being least
deprived), considering the proportion of male unemployment, lack of
car ownership, overcrowding, and head of households in low occupa-
tional classes in an area.

2.3.2.4. Free school meals (FSM) status. Eligibility to free school meals

in Year 7 (age 11-12) (yes/no) was used as a measure of household
poverty.

2.4. Analysis

We excluded extreme outliers for the EF tasks and Culture Fair Test
(CFT), defined as scores £3.29 SDs from the mean score on a given
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cognitive test, a range that should include 99.9 % of normally distrib-
uted data (Field, 2009). This resulted in the exclusion of the following
number of datapoints: Trail Making Test (TMT), T1: 26, T2: 32; Back-
wards Digit Span (BDS), T1: 7, T2: 4; SWM errors, T1: 7, T2: 8; SWM
strategy, T1: 4, T2: 2; Corsi: T1: 2, T2: 0; Continuous Performance Test
(CPT): T1: 12, T2: 8; CFT, T1: 2, T2: 5.

A linear modelling approach was adopted as is typical in this
research area (e.g., Madhushanthi et al., 2020; Pluck et al., 2021; Sutin
et al., 2022), since SES associations with cognitive skills are observable
across the entire SES distribution (see Rosen et al., 2019 for a review)
and since categorical treatment of the SES indices did not improve
model fit (Table S2). lavaan’s (version 0.6-15) sem() function with full
information maximum likelihood (FIML) estimation was used for all
analyses. FIML uses all available data in parameter estimation, max-
imising power relative to deletion methods. Please see Supplementary
Materials and Fig. S2 for details on the patterns of missingness in this
dataset.

We used Huber-White estimated robust standard errors to correct for
violations of homoscedasticity assumptions and correlations in the data
due to cluster sampling. We took this approach as we were only inter-
ested in correcting for the inflation of type 1 errors and because school
effects were not directly related to the research questions (McNeish,
2023). Multilevel modelling was not appropriate as estimation issues are
common when applied to datasets with <30 clusters. Also, some clusters
contained very few participants and therefore no to low within-cluster
variance in SES and attainment so fixed effect modelling was not
appropriate (see McNeish & Kelley, 2019).

Highest parental occupation (coded as 0-8), how many of the pupil’s
parents attended university (0, 1, or 2), and area-level deprivation
(coded as 1-5) were treated as continuous variables as (i) solutions for
models with continuous predictors are easier to interpret (Long &
Freese, 2006), (ii) models treating ordinal variables as continuous rarely
fail to identify effects that would be observable if the variable was
treated as ordinal (Pasta, 2009), and (iii) comparing univariate regres-
sion models where SES indices were treated as categorical versus
continuous did not show significantly better fit.

To test for generality versus specificity of associations, T1 SES, and
T1 EF and T2 EF latent factors were created using confirmatory factor
analysis (CFA).

We controlled for age, ethnicity (as a marker of cultural background;
white/black/Asian/mixed), first language status (English learnt first/
English learnt at the same time as another language/English not the first
language learnt), and self-reported gender (male/female) in all models.
We included age as EF skills continue to improve during adolescence
(Huizinga et al., 2006) and lag time in longitudinal models as there were
differences between schools in terms of the gap between the two as-
sessments due to scheduling constraints (range = 8 months — 4 years, 4
months). We controlled for ethnicity and first language status as these
are correlated with SES and EF and we wanted to rule out the possibility
that these factors were driving any SES-EF associations (Engel de Abreu
etal., 2012; Filippi et al., 2022; GOV.UK, 2018; Rea-Sandin et al., 2021).
Finally, since gender correlated with SES in the SCAMP cohort (Table 4),
and since there is evidence that gender may predict different cognitive
developmental trajectories (Grissom & Reyes, 2019), we adjusted for its
influence on EF skills to allow for a clear picture of how our SES vari-
ables of interest associated with EF. In supplementary analyses (Sup-
plementary Tables S7-S8), we additionally controlled for school
quality to test whether our findings might be explained by higher SES
students attending higher quality schools.

Davis-Kean and Sexton (2009) showed that ethnicity moderates the
association between family characteristics and attainment, but we found
little evidence to suggest that this was true for SES-EF relations in this
sample (see Supplementary Materials Figs. S5a-b and S6) so we did
not split by ethnicity. Positive associations between SES and EF were
seen in all ethnicity groups although these were attenuated in groups
representing lower diversity in SES.
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Regression analyses were repeated using non-verbal reasoning and
reading SAT as outcome variables for comparison. Cross-sectional ana-
lyses were carried out on the T1 data, while longitudinal analyses
assessed associations in adolescence, controlling for the impact of SES on
cognition in childhood by including the T1 factor/measure in the
regression equations.

3. Results
3.1. Descriptives

Table 3 shows the sample size and average scores on each measure at
T1 and at T2. Paired t-tests indicated that pupils performed significantly
better on all EF measures and non-verbal reasoning at T2. T1 and T2
measures on each task showed positive parametric correlations that
were mostly above 0.30, except for the TMT switch cost and SWM
strategy measures, suggesting these two measures may be less reliable.

3.2. Correlation analyses

CFAs were carried out to construct an SES latent factor at T1 and EF
latent factors at T1 and T2 (see Supplemental Materials Fig. S7).
Table 4 shows the cross-sectional correlations between all the variables
of interest at T1, while Table 5 shows the longitudinal correlations be-
tween T1 predictors/controls and T2 outcome variables and Supple-
mental Materials Tables S3-S4 show the correlations between dummy
coded control variables and SES and EF measures. The strongest corre-
lations tended to be between SES measures, and between EF measures,
although associations of TMT switch with other EF measures were weak.
All SES indices other than parental education level significantly associ-
ated with multiple EF measures. CFT and reading speed had slightly
stronger correlations with SES than did most of the EF measures. The
pattern and strength of associations were similar cross-sectionally and
longitudinally, with fewer significant associations longitudinally, likely
in part explained by the drop in n at T2.

3.3. Regression models

Multiple regressions with full information maximum likelihood
estimation, a method that takes into account all available data, were
used to predict performance on EF measures cross-sectionally at T1 from
the SES indices and control variables, and longitudinally at T2, con-
trolling for T1 EF, thereby testing for SES effects on developmental
change over the T1-T2 period. n = 2726 for all models presented in the
main text (see Supplementary Materials Fig. S8 for the models rerun
in the full cohort of state school SCAMP pupils).

Table 3
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3.3.1. General associations

SES explained 1 % of additional variance in the T1 EF factor after
accounting for demographic controls and the T1 SES factor had a small
but significant positive association with the T1 EF factor (p = 0.11, 95 %
CI[0.07,0.15], p < .001). Longitudinally, the SES factor again explained
an additional 1 % of variance after controls and had a small but signif-
icant association with change in the EF factor from T1 to T2 (p = 0.07,
95 % CI [0.04, 0.11], p < .001) (see Supplemental Materials Table S5
for the full model parameter estimates). These associations translate into
an effect the size of a 2 IQ point increase per SD increase in SES cross-
sectionally and a 1 IQ point increase longitudinally.

For comparison, the same models were run with non-verbal
reasoning and language scores as outcomes to explore the extent to
which they were associated with SES compared to EF. The SES factor
explained 3 % of the variance in T1 non-verbal reasoning (p = 0.18, 95
% CI [0.14, 0.22], p < .001) after relevant controls and 2 % in age 11
reading (p =0.16, 95 % CI [0.12, 0.20], p < .001). Longitudinally, 1 % of
additional variance in T2 non-verbal reasoning was explained (p = 0.11,
95 % CI [0.07, 0.14], p < .001). Fig. 1a shows that cross-sectional and
longitudinal associations between the SES factor and non-verbal
reasoning/reading were larger than the associations between the SES
factor and EF.

3.3.2. Differential relations between SES indices and EF

The percentage of variance in EF composite score explained by SES
was unchanged when we treated the SES indices as individual predictors
rather than a factor. Cross-sectionally, all SES indices other than area
level deprivation significantly predicted unique variance in T1 EF.
However, only parental occupation and FSM status were significantly
associated with the change in EF over adolescence in longitudinal
models, showing these factors were associated with increasing gaps
between children’s EF skills (Fig. 1b, Table 6).

3.3.3. Sensitivity of different EF measures to SES

Cross-sectionally at age 12, there was limited specificity in the re-
lationships between the SES factor and different EF measures; all EF
measures other than TMT switch cost were significantly associated with
SES (Table 7 and Fig. 1c), with SES explaining up to 1 % of additional
variance after accounting for demographic characteristics. This
remained true after false discovery rate (FDR) correction across the six
comparisons. However, longitudinally SES was only related to change in
performance on the WM tasks (Table 7, Fig. 1c). After controlling for
demographic characteristics, an additional 1 % of the change in BDS and
Corsi span over adolescence was explained by the SES factor (see Table 7
for the full models R? values). The SES-WM span associations remained
significant after FDR correction but not the association of SES with SWM
errors.

Average scores on the executive function tasks and comparison measures at T1 and T2.

nTl T1 M (SD) nT2 T2 M (SD) nTl & T2 % change T1-T2"
TMT switch cost 2636 1.83 (0.58) 2573 1.79 (0.56) 2493 —2.7 %"
BDS score 2503 4.02 (0.86) 2604 4.33 (0.96) 2416 7.5 %**
SWM errors 2616 29.19 (13.15) 2425 26.35 (12.66) 2339 —10.11 %"
SWM strategy 2619 10.71 (2.82) 2431 10.34 (2.89) 2345 —3.5 %"
Corsi span 1584 4.93 (0.75) 979 5.20 (0.89) 747 6.1 %**
CPT errors 586 5.07 (5.10) 351 4.22 (5.04) 159 —28.80 %"
CFT score 2451 13.16 (3.63) 2489 14.23 (3.63) 2254 8.9 %"
Reading SAT score 2558 4.41 (0.75) N/A

Notes. TMT = Trail Making Task; BDS = Backwards Digit Span; SWM = Spatial Working Memory; CPT = Continuous Performance Task; CFT = Culture Fair Test; SAT
= Standardised Assessment Test. For CFT, BDS, Corsi, and SAT, a higher score = better performance. For TMT switch cost, SWM errors, SWM strategy, CPT errors, a

higher score = worse performance.

@ Paired t-tests were carried out to compare T1 and T2 performance for participants with longitudinal data.
b pearson correlations were carried out between T1 and T2 data. Tasks were completed in a fixed order so, due to time constraints and differences between par-

ticipants, the number of participants differs for each task.
" p < .001.
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Table 4
Cross-sectional correlation matrix for the demographic, socioeconomic status, and cognitive measures at T1 (Age 12 Years).
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. T1 Gender

2.T1 Age 0.00

3. Parent education -0.08™"  -0.04 SES — SES associations

4. T1 Parent occupation -0.04° 0.02 0.34™

5. T1 Area deprivation 0.1 0.00 0.17"" 023"

6. T1 Free School Meals | -0-02 0.02 0147 013" 0.18"

7. T1 SES factor -0.08""  -0.01 -0.56""  -0.42""

8. T1 CFT score 0.03 0.08™" 0.12™ 0.11™ -0.11™ -0.10"" 0.16™"

9. Reading SATY 0.04" 0.05" 0.09"* 017" -0.08™" -011™ 0.16"" 0.32"*

10. T1 TMT switch -0.01 0.02 -0.04 0.00 0.03 0.02 -0.02  _go7** 0.05" T1 EF — EF associations

11. T1 BDS span 0.07"*"  0.03 0.06" 0.06™  -0.02 -0.05"" 0.07"" 0.36"™" .031""| -0.08™"

12. T1 SWM errors -0.07™  -0.03 -0.02 -0.05" 0.07™"  0.05" -0.07 " -0.26"" -023™" | 0.07"" -0.26""

13. T1 SWM strategy 0.01 0.01 -0.02  -0.04 0.03 0.02 -0.04  -0.15™" -0.10"" | 0.04  -0.12"" [0.55"

14. T1 Corsi span 0.02 0.05" 0.02 0.05 -0.01 -0.06" 0.05 0.28™*  0.22" | -0.11™"  0.32™ -027"" -020""

15. T1 CPT errors -0.01 -0.04  -0.05 -0.11™ 0.10" 0.00 -0.11"" -0.14™" -013"" | 0.09" -0.16" 0.16™" 0.13" -021"™"

16. T1 EF factor 0.07™*  0.04" 005" 008 -006" -0.07"" 0.09"" 0407 0327 |-022" ! 0.677" 037" ! -0.50"**

Notes. SES = socioeconomic status; CFT = Cattel’s Culture Fair Test; SAT = Standardised Assessment Test; TMT = Trail Making Task; BDS = Backwards Digit Span;
SWM = Spatial Working Memory; CPT = Continuous Performance Task; EF = executive function. For EF, CFT, BDS, Corsi, and SAT a higher score = better per-
formance. For TMT switch cost, SWM errors, SWM strategy and CPT errors, a higher score = worse performance. Gender is coded as female = 1. {This measure was
collected in the year prior to T1. * p < .05, ** p < .01, *** p < .001. Darker blue shades indicate stronger positive correlations, darker red shades indicate stronger

negative correlations.

Table 5
Correlation matrix for associations between T1 demographic and socioeconomic status measures and T2 cognitive measures (Age 14 Years).
LTI 2.7 P3' :'Tl ZTI %Tl 7.T1
Gt;nder Age e(?;zgt ocacl;f;;- dep?ie\"/la- Sclr:)?)l SES 8 ? 10 1 12 13 14 15
tion tion tion Meals factor
8. T1-T2 Lag time -0.05 027" 007" -0.06" 021" 0.12™ -0.15™
9. T2 CFT score 0.05  0.09™ 0.10"™  0.14™  -010" -012" 0177 -001
10. T2 TMT switch 0 -0.02 0.01 0 0.06™" 0.01 -0.02 0.02  -0.06"" T2 EF — EF associations
11. T2 BDS span 0.08"*  0.03  0.06™  0.08"" 0.02  -0.08™ 0.09™ 0.06™ 038 |-0.10"
12. T2 SWM errors ~ |-0.09™*  -0.02 0 -0.05" 0.05"  0.06™ -0.06™ -001 -028" 005" -032""
13. T2 SWM strategy | 0.03  -0.05"  -001 -0.03 0 0.02  -0.03  -001 -017"" ] 0.02 -0.19"" |0.58™"
14. T2 Corsi span 0.06  0.06 0 0.10™ 004  -004 007" 005 031" |-013™" 034 -0.34" -0.19"™"
15. T2 CPT errors -007  0.08  -0.05 -0.09 003  -006 -004  -006 -030""| 0.07 -030"" 0.197 014" -0257"
16. T2 EF factor 010" 004° 004 010" 005" 008" 010" 005" 042|020 [FEENN 075" 043" [ORES 061"

Notes. SES = SES; CFT = Cattel’s Culture Fair Test.; TMT = Trail Making Task; BDS = Backwards Digit Span; SWM = Spatial Working Memory; CPT = Continuous
Performance Task; EF = executive function. For EF, CFT, BDS, and Corsi, a higher score = better performance. For TMT switch cost, SWM errors, SWM strategy and
CPT errors, a higher score = worse performance. Gender is coded as female = 1. {This measure was collected in the year prior to T1. * p < .05, ** p < .01, *** p < .001.
Darker blue shades indicate stronger positive correlations, darker red shades indicate stronger negative correlations.

We further tested for specificity of associations by looking at indi-
vidual SES indices as predictors of performance on individual EF mea-
sures both cross-sectionally and longitudinally (Supplemental
Material Fig. S9). These were low-powered tests, no associations were
significant after FDR correction for 24 comparisons (four SES indices x
six EF measures) cross-sectionally or longitudinally. However, they
reveal a pattern of results that complement the first set of analyses.
Firstly, parent occupation and FSM status were the most reliable SES
predictors. Note rerunning models with non-verbal reasoning and
reading as outcomes showed the same pattern of results (Supplemental
Materials Table S6). Secondly, the BDS and Corsi task measures were
particularly sensitive to these aspects of SES. Additional specific asso-
ciations were observed, notably with area deprivation, but these should
be interpreted with caution.

3.3.4. Does school quality explain SES-EF associations during adolescence?

As a final step, we reran our main analyses including Office for
Standards in Education, Children’s Services and Skills (Ofsted) ratings of
school quality as an additional predictor to rule out the possibly that

supposed family level SES effects were driven by schooling effects. All
results were robust to the inclusion of this predictor with standardised ps
for significant associations changing by no more than 0.01. See Sup-
plementary Materials for an explanation of this measure and
Tables S7-S8 for the results from these analyses.

4. Discussion

This study explored the nature and specificity of associations be-
tween SES and EF in a large longitudinal dataset with measures from
early to mid-adolescence.

In line with previous research in childhood and adolescence, SES was
associated with EF cross-sectionally at age 12. In addition, our results
provide the first demonstrations that the association between SES and EF
skills from early to mid-adolescence and EF skills increases from early to
mid-adolescence (12 to 14 years). These relations are correlational in
nature and small (equivalent in size to 2 IQ points per SD difference in
SES cross-sectionally and 1 point longitudinally) but they are note-
worthy as they indicate a widening EF gap over an average of only two
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Fig. 1. Bar Graphs Showing Standardised Beta Estimates for the Cross-sectional (T1, filled bars) and Longitudinal (T2, controlling for T1, hashed bars) Associations

between Cognitive Measures and socioeconomic status (SES) indices. (a) T1 SES

Factor as Predictor of the executive function (EF) factor, Non-verbal Reasoning Score,

and Age 11 Reading Score. (b) Individual SES Indices as Predictors of T1 (Cross-sectional) and T2 (Longitudinal) EF Factors. (c) T1 SES Factor as Predictor of In-

dividual EF Measures.

Note. Bold outlines indicate significant associations (p < .05). Cross-sectional analyses are carried out at age 12 years old, longitudinal analyses between 12 and 14

years old.

Negative signs are omitted from this figure to facilitate comparison of the relative strengths of associations. For the direction of these associations, please see section

3.3.1 and Tables 6-7.

years with the measurement lag time being as small as 8 months for
some adolescents. This time frame is much shorter than in many pre-
vious longitudinal studies, hence the effect sizes we observed were un-
surprisingly smaller (see Lawson et al., 2018). Research spanning the
whole of adolescence is needed to test whether the pattern of an
increasing socioeconomic gradient in EF persists beyond age 14 and to
further our understanding of possible windows of opportunity for
intervention.

It should also be noted that the figures presented in this paper are

Table 6

relatively small as they are highly conservative estimates which reflect
potential SES contributions to individual differences in EF having
accounted for ethnicity and first language status — factors that correlate
with SES and which are likely to share some overlapping mechanisms of
impact on cognitive development (e.g., see Banerjee, 2016). The effect
sizes reported here are in line with research that simultaneously
modelled the effects of multiple SES indicators on age 5 cognitive out-
comes, controlling for demographic factors (Schoon et al., 2021).

At age 12, all SES indices except area deprivation were uniquely

Parameter estimates for each socioeconomic status index entered in the multiple regressions predicting the EF factor at T1 (Cross-sectional Model) and T2 Controlling

for T1 (Longitudinal Model).

Predictor Cross-sectional

Longitudinal

B [95 % Cls]

B [95 % ClIs]

B [95 % CIs]

B [95 % ClIs]

Number of university educated parents
Parents’ highest occupation

Area level deprivation

Free School Meals status

Full model R?

0.05 [0.00, 0.10]
0.06 [0.02, 0.11]
—0.03 [-0.07, 0.01]
—0.05 [—-0.09, —0.01]
0.05

0.04 [0.00, 0.08]
0.02 [0.01, 0.04]
—0.02 [-0.04, 0.01]
—0.09 [-0.16, —0.02]

0.00 [-0.04, 0.04]
0.06 [0.02, 0.10]
—0.02 [-0.06, 0.01]
—0.04 [-0.07, —0.01]
0.33

0.00 [—-0.03, 0.04]
0.02 [0.01, 0.04]
—0.01 [-0.03, 0.01]
—0.07 [-0.13, —0.01]

Note.

Significant betas are highlighted in bold.
* p<.05.

" p<.0L.
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Table 7
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Parameter estimates for T1 Socioeconomic status factor associations with different executive function measures at T1 (Cross-sectional Models) or T2 controlling for T1

(Longitudinal Models) and variance explained by the whole models.

Cross-sectional models

Longitudinal models

SES P [95 % CIs] SES B [95 % ClIs] R? SES B [95 % CIs] SES B [95 % ClIs] R?
TMT switch ~0.02 [—0.05, 0.03] —0.01 [—0.05, 0.02] 0.01 0.00 [—0.04, 0.04] 0.00 [—0.04, 0.03] 0.06
BDS span 0.10 [0.06, 0.14] " 0.12 [0.07, 0.17] 0.03 0.09 [0.05, 0.12] ™ 0.12 [0.07, 0.16] 0.28
SWM errors —0.07 [—0.11, —0.03] " —1.35 [—2.08, —0.62] 0.03 —0.04 [—0.08, 0.00]* —0.74 [—1.45, —0.04] 0.13
SWM strategy —0.05 [—0.09, —0.01]" —0.18 [—0.34, —0.02] 0.01 —0.02 [—0.25, 0.09] —0.08 [—0.25, 0.09] 0.04
Corsi span 0.08 [0.03, 0.15]1 " 0.08 [0.03, 0.13] 0.04 0.09 [0.03, 0.15] " 0.11 [0.04, 0.19] 0.26
CPT errors —0.09 [—0.17, —0.01]" —0.64 [—1.25, —0.04] 0.02 —0.03 [—0.13, 0.08] —0.20 [—0.94, 0.54] 0.20

Notes. Beta values describe the effect of a 1 SD increase in the socioeconomic status (SES) factor on different executive function (EF) measures. TMT = Trail Making
Task; BDS = Backwards Digit Span; SWM = Spatial Working Memory; CPT = Continuous Performance Task; EF = EF; SES = socioeconomic status. Significant betas
after FDR correction (p-value thresholds corrected for six comparisons cross-sectionally and six longitudinally) are in bold. Cross-sectional analyses are carried out at

age 12 years old, longitudinal analyses between 12 and 14 years old.

associated with EF. We replicated Madhushanthi et al. (2020)’s finding
of a cross-sectional association between parental education and WM
during adolescence, as well as Donati et al.’s (2019) finding that
parental occupation correlates with EF in UK adolescents (Table 1).
However, we found that parental occupation and a marker of low in-
come were cross-sectionally associated with EF, unlike Madhushanthi
et al. (2020). Area deprivation associations with EF, reported by Sutin
et al. (2022), may have been observed if more up-to-date population
statistics were available or our data were less skewed since SES effects
are stronger in more socioeconomically diverse samples (Lawson et al.,
2018). Further research into the importance of this predictor in
adolescence is needed.

Longitudinally, FSM and parental occupation were significant asso-
ciated with change in EF. These findings extend Donati et al.’s (2019)
results and suggest that parental occupation related inequalities in EF
increase through adolescence Supplementary analyses ruled out the
possibility that these supposed family level effects were in fact driven by
differences in school quality. These findings lend support Bukodi and
Goldthorpe’s (2013) assertion that sociocultural and economic re-
sources have separable effects on child development. However, since
cognitive skills were measured only twice, we are unable to tell whether
our findings reflect stable individual differences or rank order changes.
Further research mapping the developmental trajectories of EF for stu-
dents from different socioeconomic backgrounds from childhood
through adolescence is needed to discern between these possibilities and
the contribution of this study should be understood as primarily
descriptive and correlational.

A plausible explanation for our finding that income poverty predicts
associates with change in EF during adolescence is that there are social
inequalities in access to extracurricular activities thought to benefit EF
in the UK- e.g., private tutoring, playing musical instruments and sports
participation (Diamond & Lee, 2011; Zhang, 2018) — and parents’
occupation prestige may influence the extent to which they encourage
participation in such activities. Parents working unsociable hours
(common in low prestige jobs in the UK; Lyonette & Clark, 2009) may
also be less able to supervise their children and prevent them from
engaging in risky health behaviours which negatively influence cogni-
tive development (e.g., drinking alcohol). FSM associations may also be
explained by nutrition (e.g., Verstynen et al., 2012) and reflect family
composition; because of the low threshold for eligibility, pupils in
receipt of FSM are often from single parent families, something that
none of our other measures were sensitive to. Previous research has
shown that, amongst children from low SES families, children from
single parent families score lower on EF measures than those from two
parent families (Sarsour et al., 2011). The associations of Free School
Meals status with cognitive and academic outcomes reported here might
therefore index the interaction between income and being raised in a
single parent family.

Unlike income and occupation, in this study, area deprivation was
not significantly related to EF cross-sectionally or longitudinally. This

finding is inconsistent with Sutin et al. (2022) who identified a longi-
tudinal association of this index with cognitive skills in Australian ad-
olescents. The rapid redevelopment of historically poorer London
neighbourhoods due to gentrification may have meant that our index
based on 2011 census records may not be a valid account of relative
deprivation in this study. It is possible that the pattern of area-level
deprivation - EF associations observed here might have been different
if more up to date population statistics were available or had the area
deprivation data been less skewed. This study offers the only evidence,
to our knowledge, of the relationship between area deprivation and
change in EF over adolescence, so further research into the importance
of this predictor is needed.

Several studies have shown significant longitudinal relations be-
tween parental education level and EF during childhood (e.g., Tucker-
Drob, 2013; Davis-Kean et al., 2021). It is therefore possible that the
cross-sectional association we observed at T1 reflects the prior effects of
factors related to parent education on EF during childhood. The
changing nature of parent-child and child-peer relationships that occurs
during adolescence, which could mean that the mechanisms through
which different SES indices influence cognitive development change,
may go some way to explain this difference between the cross-sectional
and longitudinal analyses. Longitudinal research is needed across the
transitional period from primary to secondary education to explore this
possibility. It has also been suggested that parental education effects on
cognitive development might operate through their influence on
household income (i.e., highly educated parents have higher earning
potential; Noble et al., 2015). Further, we note that parental education
levels may have been more varied in the countries in which the previous
studies were conducted in, making comparisons difficult to draw.

The SES factor showed fairly non-discriminate associations with EF
measures at age 12 but specific associations with WM span tasks
longitudinally. These differential effects of SES on specific aspects of EF
are consistent with previous studies of adolescents (Madhushanthi et al.,
2020; Sutin et al., 2022) and adults (Mittal et al., 2015) and with the
predictions of cognitive adaptation theory (e.g., Mittal et al., 2015).
However, they are inconsistent with findings from child samples
(Lawson et al., 2018), suggesting that differential relationships between
SES and different EF measures may not be observable/emerge until
adolescence. Age related differences could be because of lower reli-
ability of individual EF measures for children (Lawson et al., 2018),
increasing differentiation of EF over adolescence (Karr et al., 2018; Lee
et al., 2013) or compounding effects of SES over time (e.g., Hackman
et al., 2015). The longitudinal relationships between SES and our WM
span tasks were slightly larger than the longitudinal relations between
SES and the EF factor. The extended developmental trajectory of WM
skills and the systems which subserve them through adolescence (e.g.,
Finn et al., 2010) may make them relatively more vulnerable to the
compounding effects of SES over time than other EFs.

By contrast, some evidence suggests that shifting may be a relative
strength of individuals from disadvantaged backgrounds (Mittal et al.,
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2015). It has been suggested that it may be adaptive to quickly switch
between task goals in the context of a chaotic and unpredictable home
environment. Consistent with the idea that switching is a well-practiced
skill in individuals from low SES families, Mittal et al. (2015) found that
adults who grew up in stressful home environments were faster on a
switching task without any accuracy trade-offs. This may be why we
observed a SES gradient in switching neither cross-sectionally nor
longitudinally. However, our switching measure also showed a rela-
tively low T1-T2 correlation, suggesting low reliability. Switching has
rarely been studied in this context, so these results need replicating.

4.1. Implications

These findings are consistent with Furhmann et al.”’s (2015) notion of
early adolescence as a sensitive period for cognitive development.
However, we offer preliminary evidence suggesting that not all skills are
equally sensitive to environmental influence during this period.
Following Furmann et al., the potential sensitivity of working memory
to environmental factors in this period may mean that there is increased
opportunity for interventions to reduce inequalities between students.

Given the well-established link between EF skills and attainment
(Ding et al., 2024), the findings from this study suggest that students
living in poverty and students whose parents have low occupation
prestige may benefit from activities that help strengthen EF, particularly
working memory. However, we urge that interventions specifically
focusing on working memory in low SES adolescents are likely to do
little to level up social inequalities in attainment unless they are very
intensive. In this cohort, we observed small associations between SES
and changes in working memory skills over an average of a two-year
period and most working memory training interventions are light
touch and last only for a maximum of several months (e.g., Melby-Ler-
vag & Hulme, 2013). Further, social inequalities in attainment are likely
best explained by multiple cognitive, social and emotional factors
(Banerjee, 2016) so focusing on working memory alone is likely to have
only modest effects.

4.2. Strengths and limitations

In this study, we were able to explore longitudinal SES — EF asso-
ciations in a large cohort, controlling for sociodemographic factors,
allowing us to detect nuanced relationships and small, but possibly
consequential increases in EF inequalities through adolescence. We have
interpreted these as reflection potential SES effects which unfold spe-
cifically during adolescence. However, since family SES tends to remain
relatively stable during childhood and adolescence (Hackman et al.,
2015), it is possible that they reflect the impact of experiences earlier in
childhood that laid the foundation for different rates of EF development
through adolescence. In addition, since cognitive skills were measured
only twice, we are unable to tell whether our findings reflect stable in-
dividual differences or rank order changes. Further research mapping
the developmental trajectories of EF for students from different socio-
economic backgrounds from childhood through adolescence is needed
to discern between these possibilities.

A limitation of this study is that we had multiple WM measures but
only one measure of other EFs. This meant that we were not able to isolate
EFs from task specific variance. Hence, some of the associations between
SES and performance on specific tasks we identified may be picking up on
associations of SES with other cognitive skills employed when completing
those tasks. Relatively few participants completed our inhibition measure
(6 % at both timepoints), reducing our power to reliably assess associa-
tions between IC and SES. Future studies should replicate our models
using a greater range of EF measures and a randomised order of task
presentation to ensure similar n for each task. While the original tasks
adapted for this cohort study show adequate to excellent psychometric
properties (e.g., see Bailey et al., 2018; Bombin et al., 2013; Cattell et al.,
1960; Cooper & Stewart, 2017; Karlsen et al., 2022), some tasks were
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adapted to reduce testing time and facilitate a self-paced online testing
assessment, which may have reduced their reliability.

A final limitation of this study is that we cannot rule out genetic
effects that covary with SES (e.g., see Allegrini et al., 2020), since we did
not employ a genetically sensitive design. EF skills are heritable, with
working memory showing particularly high heritability estimates (e.g.,
30 % in Donati, Meaburn, & Dumontheil, 2019), and thus some of the
SES-WM associations we describe may partially index genetic effects.
However, the percentage of the association between parental income
and child cognitive skills attributable to genetic factors is small (e.g., 20
% in Rowe et al., 1998 compared to 63 % for the parental education —
child cognitive skill link). Therefore, our longitudinal findings are un-
likely to be predominantly driven by genetic effects.

4.3. Conclusion

In conclusion, this study provides the first evidence, to our knowl-
edge, that SES gradients in EF show small increases during adolescence.
At age 12, SES associations were mostly non-specific. However, longi-
tudinal analyses showed that individual differences in EF skills associ-
ated with parental occupation and household poverty, but not parental
education and area-level deprivation, increased during adolescence. We
also showed that SES specifically associated with change in performance
on WM span tasks from early to mid-adolescence. Future work should
identify proximal sources of the associations of parental occupation and
household poverty with developing EF skills to inform theory and
levelling up educational interventions. Given the well-established link
between individual differences in EF and educational outcomes reported
elsewhere and the increase in SES-related inequalities in EF through
adolescence reported here, the teenage years should be a higher research
priority.
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