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ABSTRACT
Executive function (EF) is an umbrella term for a collection of important cognitive skills,
including working memory, cognitive flexibility, and inhibitory control. These skills are
important for both short-term and long-term outcomes such as peer relations, mental and
physical health, and academic achievement. Numerous factors influence performance on each of
these skills, one of which is experiencing stress. However, how different stressors impact EF
across the life span, and how stress-induced impacts on EF are related to other outcomes, is not
fully understood. For example, while there is a large body of literature examining the effects of
acute stress on adult EF, the literature on this relation in childhood is sparse.

The aim of the following studies was to examine how different stressors impact EF and
how this process relates to other outcomes, such as academic achievement and mental health.
First, longitudinal analyses of the mediating role of executive function in middle childhood (age
7-11) in the relation between early-life family income (age 0-5) and academic achievement in
late adolescence (16-18) were examined. These analyses indicated that executive function serves
as a mediator in this relation. Second, the effects of an acute experimental stressor on EF
performance in 9-11-year-old children were examined, as well as the potential moderating roles
of child characteristics such as physiological reactivity and emotional and behavioral problems.
There was no overall effect of stress on EF performance but there was a moderating effect of
parasympathetic nervous system reactivity in the relation between stress condition and inhibitory
control performance. Lastly, the association between COVID-19-related economic stress and
both EF and mental health in 9-17-year-old children and their parents was examined. There were

no effects of either parental job loss or family financial stress on EF, but family financial stress

vii



did predict worse mental health in parents. These findings highlight the complex interplay

between stress, EF, and other related outcomes such as mental health.
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CHAPTER 1
STUDY 1: THE ROLE OF CHILDHOOD EXECUTIVE FUNCTION IN EXPLAINING
INCOME DISPARITIES IN LONG-TERM ACADEMIC ACHIEVEMENT
LillyBelle K. Deer, Paul D. Hastings, & Camelia E. Hostinar
Please cite this article as:
Deer, L. K., Hastings, P. D., & Hostinar, C. E. (2020). The role of childhood executive
function in explaining income disparities in long-term academic achievement. Child

Development, 91(5), e1046-e1063. https://doi.org/10.1111/cdev.13383

© 2020 Society for Research in Child Development. All rights reserved. This paper is not the
copy of record and may not exactly replicate the final, authoritative version of the article, which
can be found at: https://doi.org/10.1111/cdev.13383. Please do not copy without authors'

permission.

Children growing up in economically disadvantaged contexts are at risk of
underperforming academically, as shown by decades of evidence in developmental psychology,
sociology, education and economics (Blair & Raver, 2015; Duncan & Murnane, 2011; Noble &
Farah, 2013; Reardon, 2011). Research examining the developmental pathways through which
family economic circumstances affect children’s academic outcomes, such as the amount of
schooling they complete and their long-term academic aspirations (e.g., pursuing university
admission), is important for informing targeted efforts to promote academic success in students
from economically disadvantaged households. Many relevant pathways have been examined,
including studies on the mediating role of family characteristics (Aikens & Barbarin, 2008;

Yeung, Linver, & Brooks-Gunn, 2002) or the school environment (McLoyd, 1998; Sirin, 2005).


https://doi.org/10.1111/cdev.13383

There are likely to be multiple mechanisms and processes linking economic hardship with
academic outcomes, some of which may be more amenable to intervention than others. The
present study was conducted to evaluate a critical factor within the child, executive function,
which is both important for academic achievement (Blair & Raver, 2015; Raver, 2012) and is
malleable through certain interventions (Blair & Raver, 2014; Diamond & Lee, 2011).
Specifically, the current study capitalized on the unique and comprehensive data from the Avon
Longitudinal Study of Parents and Children (ALSPAC, also known as “Children of the 90s”;
Boyd et al., 2013; Fraser et al., 2013) to test the role of children’s executive function in
explaining the association between family income in the first years of life and high school
academic achievement.
Income-based Disparities in Academic Achievement

Income-based disparities in academic achievement emerge early in life and have been
noted across the globe (Duncan, Magnuson, & Votruba-Drzal, 2017; Sirin, 2005). For instance,
children from low-income families already show deficits in a number of academic proficiencies
by kindergarten (Duncan et al., 2017). This pattern persists into later childhood and adolescence
(Duncan et al., 2017). By adulthood, those from low-income backgrounds complete less
schooling overall (Duncan, Yeung, Brooks-Gunn, & Smith, 1998; Duncan, Ziol-Guest, & Kalil,
2010). Additionally, children from low-income communities are less likely to participate in
extracurricular activities (Fredricks & Simpkins, 2012), which have been shown to improve
academic achievement in low-income populations (Morris, 2015). Overall, income-based
disparities in academic achievement are concerning, because education provides one of the most
important mechanisms for improving one’s socioeconomic conditions, especially in today’s

global economy (Autor, 2014). Because the academic achievement gap between low-income



youth and their financially better-off peers often translates into a gap in adult earnings and
overall socioeconomic status, limited education contributes to the transmission of socioeconomic
disadvantage to the next generation (Duncan et al., 1998; Duncan et al., 2010). To break this
vicious cycle, we need more research that can clarify the pathways between early-life family
income and young adult academic achievement in order to suggest possible targets for
intervention.
The Role of Executive Function in Academic Achievement

Executive function is an umbrella term for a collection of “attention-regulation skills that
make it possible to sustain attention, keep goals and information in mind, refrain from
responding immediately, resist distraction, tolerate frustration, consider the consequences of
different behaviors, reflect on past experiences, and plan for the future” (Zelazo, Blair, &
Willoughby, 2016, p. 1). Executive function reflects activity in prefrontal neural systems that
allow children to exercise increasing levels of cognitive control over their responses to
environmental stimuli across development (Munakata, Snyder, & Chatham, 2012). In adults,
executive function has been modeled as three separable but correlated factors reflecting
inhibition, working memory and updating, and mental set shifting (Miyake et al., 2000). There is
less consensus on the latent structure of executive function in middle-to-late childhood. Some
researchers have found that a single executive function factor fit their data best (e.g., Brydges,
Reid, Fox, & Anderson, 2012), others have identified two or three factors resembling those
identified in adults by Miyake et al. (e.g., Demetriou & Spanoudis, 2015; Lehto, Juujarvi,
Kooistra, & Pulkkinen, 2003). In addition, some studies have suggested qualitative
differentiations of executive function by age (e.g., 8 years old versus 10 years old, Brydges, Fox,

Reid, & Anderson, 2014), whereas others have shown differentiation by measurement strategy,



with objective cognitive tasks capturing unique variance and predicting academic achievement
more strongly compared to executive function ratings by teachers and parents (Dekker,
Ziermans, Spruijt, & Swaab, 2017). Given these mixed findings and the assessment of multiple
facets of executive function at different ages by different informants in the current study, we
used exploratory factor analysis to select the best measurement model in a data-driven way.

It is important to focus on executive function during this developmental period because
previous research has indicated that executive function skills are malleable in childhood. A
number of interventions have been effective in improving executive function abilities across
early and middle childhood (reviewed in Diamond & Lee, 2011). This may be especially true for
children who have experienced adversity, as one study found that intervening to improve
executive function during kindergarten was particularly beneficial for children in schools with
high rates of poverty (Blair & Raver, 2014).

Accumulating evidence suggests that children need more than just content knowledge to
perform well in school, and that executive function skills are also essential for succeeding in an
academic environment (Blair & Raver, 2015; Diamond, 2010). Importantly, these skills are
associated with successful academic outcomes independently of general cognitive ability as
indexed by 1Q (Blair & Razza, 2007; Bull & Lee, 2014; Checa & Rueda, 2011).

When examining which cognitive skills best explain and predict economic disparities in
academic achievement, some studies have suggested that executive function plays a prominent
role (Hackman & Farah, 2009; Noble, Norman, & Farah, 2005). Prevailing theory suggests that
chronic exposure to poverty-related stressors (e.g., neighborhood violence, family chaos, racial
discrimination, noise and pollution) leads to alterations in the neurobiological systems that

support executive function, shifting children from a more “reflective” to a more “reactive”



pattern of responding that is adaptive in their environment (Blair, 2010; Blair & Raver, 2016;
Hackman & Farah, 2009; Ursache & Noble, 2016). This behavioral pattern leads children from
homes with low financial resources to be seen by their parents or teachers as less competent in
various aspects of self-regulation (Brody, Flor, & Gibson, 1999; Evans, Gonnella, Marcynyszyn,
Gentile, & Salpekar, 2005), and to exhibit poorer performance on task-based measures of
inhibitory control, working memory, and attention shifting (Blair et al., 2011; Evans & English,
2002; Farah et al., 2006; Noble, McCandliss, & Farah, 2007; Raver, Blair, & Willoughby, 2013;
Sarsour et al., 2011). These effects appear to be enduring, as shown in a longitudinal study that
linked childhood poverty exposure to impairments in young adult working memory (Evans &
Schamberg, 2009). Importantly, there is encouraging evidence that intervening to improve
executive function skills can improve academic achievement for children from high-poverty
schools and thereby reduce the achievement gap (Blair & Raver, 2014). Such studies point to the
importance of executive function in the relation between early-life economic conditions and later
academic achievement. However, few studies have examined the long-term associations of low
family income and low childhood executive function with academic achievement in late
adolescence. This study aims to address this gap.

This study focused on executive function during middle childhood because these skills
become consolidated during middle childhood and adolescence (reviewed in Anderson, 2002).
Prior research has devoted much less attention to executive function in middle childhood relative
to early childhood and adolescence, despite the likely importance of executive function during
middle childhood for school performance. Additionally, this is an important developmental

period when children begin to learn to manage their own behavior with less supervision from



adults, suggesting that individual differences in executive function measured at this stage may be
meaningful in predicting long-term outcomes.
The Role of Early-life Conditions

There is evidence that chronic exposure to poverty is more detrimental to children’s
cognitive and social development than transitory exposure (NICHD Early Child Care Research
Network, 2005). In addition, some have argued that even when exposure is transitory, certain
developmental periods are more vulnerable to the negative effects of low income with respect to
specific outcomes. For instance, there is some evidence from the United States that low family
income from birth to age five is a stronger predictor of low academic achievement compared to
low family income during later developmental stages (Duncan et al., 1998; Johnson & Schoeni,
2011). The first few years of life might be a period of vulnerability to stress exposure because
neural regions important for inhibiting the stress response (e.g., the hippocampus) develop
during this period (Lupien, McEwen, Gunnar, & Heim, 2009). For these reasons, we
hypothesized that early-life family income would show associations with long-term academic
achievement, even when adjusting for later family income.
Hypotheses

The present project aimed to examine the association between early-life family income
(birth to age five) and late-adolescence academic achievement (16-18 years), as well as to test
the mediating role of executive function in middle-to-late childhood (7-11 years). These ages
were chosen based on prior literature suggesting that birth to age five may be a period of
sensitivity to economic hardship, that academic achievement around the end of high school is
critical in determining one’s future socioeconomic standing, and that middle childhood is an

important period of consolidation for executive function abilities. Specifically, we aimed to



examine the following three hypotheses: (1) lower early-life family income would be associated
with lower levels of academic achievement in late adolescence; (2) executive function skills
would act as statistical mediators of the association between early-life family income and
academic achievement in late adolescence; and (3) this mediation effect would remain significant
even after adjusting for a comprehensive panel of covariates including verbal 1Q, sex, family
income at later time points (ages 8 and 18), two executive function-like measures from
toddlerhood, parental education, and extracurricular activities in late childhood (age 11). These
covariates were selected because they account for the temporal ordering of exposure to low
income (income at ages 8 and 18), prior executive function development (toddlerhood measures),
and a number of other factors that might influence the predicted associations (verbal 1Q, sex,
parental education, and extracurricular activities).
Method

Sample

The sample in this study consists of participants from the Avon Longitudinal Study of
Parents and Children who had data available on any of our measures of interest. ALSPAC is an
ongoing birth cohort study that aims to follow more than 14,000 participants from birth into
adulthood to understand the role of environmental and genetic factors in shaping a wide range of
developmental and health outcomes. Mothers were recruited if they had an expected delivery
date between April 1, 1991 and December 31, 1992 and lived in the former county of Avon in
the United Kingdom. Their recruitment resulted in an initial sample of 14,541 pregnant mothers,
resulting in 14,676 fetuses, 14,062 of whom were alive at birth and 13,988 children who were
alive at one year of age. When the oldest children were approximately 7 years of age, an attempt

was made to bolster the initial sample with eligible cases who had failed to join the study



originally, resulting in a total sample size of 15,454. Of this sample, 14,901 were alive at age
one. This rich dataset includes many waves of data collection, including questionnaires
completed by children, parents, and teachers; administrative records; observational data; clinical
assessments; and biological samples. Please note that the study website contains details of all the
data that are available through a fully searchable data dictionary and variable search tool:
http://www.bristol.ac.uk/alspac/researchers/our-data/. For further information regarding sample
enrollment, participant characteristics, and general study methodology, we refer the reader to
publications from the ALSPAC team that have profiled this cohort (Boyd et al., 2013; Fraser et
al., 2013; Golding, Pembrey, Jones, & Team, 2001). Ethical approval for the study was obtained
from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees.
Informed consent for the use of the data collected via questionnaires and clinics was obtained
from participants following the recommendations of the ALSPAC Ethics and Law Committee at
the time.

Our most inclusive structural equation model used data from N = 14,860, which was the
total number of participants that contributed data to at least one of our measures of interest
(please see Table 1.1 for descriptive statistics on this sample and Figure 1.1 for a flow chart of
participation numbers). Please note that the sample was 96.1% Caucasian and there were no
significant associations with ethnicity in these analyses or changes in our results when this
variable was included, thus we report the more parsimonious models that do not include the

ethnicity variable.



Table 1.1. Sample characteristics. Family income at ages 0-5 and age 8 were ordinal variables
ranging from 1 to 5 and representing weekly income in pounds: 1 = < 100; 2 = 100-199; 3 = 200-
299; 4 = 300-399; 5 = > 400. Family income at age 18 was an ordinal variable ranging from 1 to
10 representing monthly income in pounds, which was rescaled to the same 1-5 range
representing weekly income as the family income variables for ages 0-5 and 8. Parental
education was an ordinal variable ranging from 1-13 with the following levels: 1 = No
educational qualifications, 2 = Has CSE/GCSE (D, E, F, G); 3 = Has O-level/GCSE (A, B, C); 4
= Has A-levels; 5 = Has vocational qualification; 6 = Has done apprenticeship; 7 = Is a state
enrolled nurse; 8 = Is a state registered nurse; 9 = Has City & Guilds intermediate technical
qualification; 10 = Has City & Guilds final technical qualification; 11 = Has City & Guilds full
technical qualification; 12 = Has a teaching qualification; and 13 = Has a university degree.
Academic achievement was an ordinal variable ranging from 0-4 with the following levels: 0 =
did not complete any academic milestones; 1 = only completed the AS exams; 2 = completed
both AS and A2 exams, and did not apply to university; 3 = completed the exams and applied to
university, but was not admitted, 4 = completed the exams, applied for and gained university
admission. Please see Method section for additional details on how we computed and scaled each
variable.

N Minimum Maximum M SD

Family income — Age 0-5 9999 1.00 5.00 3.37 1.22
Teacher — Age 8 attention 6339 .00 20.00 15.18 5.46
Teacher — Age 8 activity 6335 .00 18.00 16.07 3.73
Teacher — Age 11 attention 7573 .00 20.00 16.02 5.08
Teacher — Age 11 activity 7563 .00 18.00 16.11 3.72
Parent — Age 8 attention 8132 .00 18.00 15.50 3.72
Parent — Age 8 activity 8142 .00 18.00 15.53 3.65
Sky Search — Age 8 7299 1.00 19.00 8.71 2.39
Dual Attention — Age 8 7050 1.00 19.00 7.57 3.78
Opposite Worlds — Age 8 7201 1.00 19.00 18.24 1.70
Counting Span — Age 10 7006 .00 5.00 3.42 .85
Sky Search — Age 11 7118 1.00 17.00 9.12 2.43
Dual Attention — Age 11 6987 1.00 19.00 7.76 2.33
Opposite Worlds — Age 11 6796 1.00 19.00 18.44 1.36
Academic achievement 3215 .00 4.00 2.57 1.55
Persistence score 10306 .00 35.00 18.73 4.89
Distractibility score 10313 .00 40.00 2454 4.68
Family income — Age 8 7107 1.00 5.00 4.09 111
Family income — Age 18 3490 1.00 10.00 6.72 2.77
Parental education — Age 8 7195 1.00 13.00 8.11 4.08
Verbal 1Q 7378 46.00 155.00 106.96 16.80
Extracurricular activities 6359 .00 7.00 3.07 1.29
Sex (% female) 14854 46.7

Ethnicity (% Caucasian) 14854 96.1

Academic achievement Level 0 Level 1 Level 2 Level 3 Level 4
% of sample in each category 16.9 13.1 10.4 14.9 447




Figure 1.1. Flow chart with participant numbers for the main variables of interest.
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Measures

Early-life family income. Total family weekly income was assessed through maternal
self-report at two time points before the child turned five years old: when the child was 33
months and 47 months of age (r = .80). These were averaged to yield one value due to our
interest in estimating children’s aggregate exposure to low income.

Academic achievement. Four measures were available and used to exemplify offspring’s
academic achievement when they were 16-18 years old: (1) completion of AS qualification
exams, (2) completion of A2 level qualification exams, (3) whether they applied to university,
and (4) whether they were accepted into university. These measures were assessed through self-
report by the study participants when they were 18 years old. The AS and A2 are both exams
taken at the end of secondary education in the United Kingdom. These measures build on each
other, as follows: one has to have taken the AS level exams in order to take A2 level exams, and
one has to have taken these examinations before they can apply and be accepted into university.
Given the interdependence (and multicollinearity) between these variables (mean r = .51), we
constructed one continuous hierarchical index of academic achievement that had five levels: 0,
for those who did not complete any of these academic milestones; 1 for those who only
completed their AS exams; 2 for those who completed both AS and A2 exams, but did not apply
to university; 3 for those who completed their AS and A2 levels and applied to university, but
did not gain admission; and 4 if they passed their AS and A2 levels, applied for and gained
university admission.

Executive function. Executive function was assessed at multiple time points and through
multiple informants between ages 7 and 11. Thirteen measures of executive function from three

different informants served as indicators for the latent variables. Executive function was assessed
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in the clinic using three subtests of the Test of Everyday Attention for Children (TEACh; Manly,
Robertson, Anderson, & Nimmo-Smith, 1998) when the study children were 8 and 11 years old
and by the Counting Span Task (Case, Kurland, & Goldberg, 1982) when the study children
were 10 years old, by parent report when the children were 8 years old, and by teacher report
during school years when the children were 7 or 8 years old, and when they were 10 or 11 years
old. The three subtests of the TEACh used in these analyses were the Opposite Worlds, Sky
Search, and Dual Attention tasks. The Opposite Worlds task is similar to the Stroop task and was
used to measure cognitive inhibition (age 8: M = 18.24, SD = 1.70; age 11: M = 18.44, SD =
1.36). The Sky Search task assesses a child’s ability to focus on relevant stimuli and measures
selective attention (age 8: M =8.71, SD = 2.39; age 11: M =9.11, SD = 2.43). The Dual
Attention task builds on the Sky Search task and measures the ability to divide attention, as it
requires children to multi-task (age 8: M = 7.57, SD = 3.78; age 11: M = 7.75, SD = 2.33). These
measures all have good test-retest reliability (Sky Search r = .90, Dual attention r = .81, Opposite
Worlds r =.92; Manly et al., 2001). The Counting Span Task (Case et al., 1982) measures
children’s working memory abilities. Children can earn a score up to 5 based on the number of
sets they can correctly recall. Each child’s teacher and parent reported the child’s activity and
attention abilities using the Attention and Activity subscales of the Development and Well-Being
(DAWBA, Goodman, Ford, Richards, Gatward, & Meltzer, 2000) assessment. These scales were
included in order to capture behavioral aspects of inhibitory control. For example, teachers
assessed students on statements like “Finds it hard to wait his/her turn”, and parents rated their
children with questions like “Does she often blurt out an answer before he/she has heard the
question properly?” The Attention scale was a weighted composite of ten items and the Activity

score was a weighted composite of nine items (all Cronbach’s a > .91).
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Covariates. Our most complex model included a comprehensive panel of potentially
confounding covariates. Temperament in toddlerhood, family income when the study child was 8
and 18 years old, parental education when the study child was 8 years old, sex, verbal 1Q, and
extracurricular activities in middle-to-late childhood were used as covariates in this final model.
The ALSPAC data set does not have information regarding early executive function skills (ages
0-5), but we included two indices of children’s persistence and distractibility as measured by the
Carey Infant Temperament Scale (Carey & McDevitt, 1978) as the closest executive function-
like measures available. These scales were assessed via parent report when the study children
were 24 months of age (both a =.71). High values on the distractibility measure indicate that the
children were rated by their parents as more distractible and high values on the persistence
measure indicate that children were rated by their parents as having high levels of persistence
(note: we reverse-coded the persistence variable from the ALSPAC dataset, which originally
indicated lower persistence for higher values). Family income at ages 8 and 18 was indexed
through parental report of weekly and monthly income, respectively. Parental education level at
age 8 was assessed through maternal report. The highest level achieved by the mother or the
father was used. Sex recorded on the child’s birth certificate was used as the sex variable in the
present analyses. Verbal 1Q was estimated using the most widely-used cognitive ability test for
children worldwide, the Wechsler Intelligence Scale for Children (WISC-I11YK, Wechsler,
Golombok, & Rust, 1992) and was measured when the study child was 8 years old. There were
five verbal 1Q subtests: information, similarities, arithmetic, vocabulary, and comprehension.
Lastly, extracurricular activities were assessed through parent-report when the child was 11 years
of age. Parents were asked whether their child participated in seven activities including: sports,

swimming, languages, music, singing, religion, and other groups like Scouts. The number of
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activities that the child participated in was used to create a measure of extracurricular
involvement.
Data Analysis Plan

Structural equation models were used to allow the inclusion of both latent and observed
variables. Analyses were conducted using the R statistical programming language, version 3.4.0
(R Core Team, 2017) and SPSS Version 25. The exploratory factor analysis and missing data
imputation were conducted using SPSS. Structural equation models were estimated using the
lavaan package in R, version 0.6-1 (Rosseel, 2012). To account for the missing data in the
sample, we used Full-Information Maximum Likelihood (FIML) estimation, which introduces
the least amount of bias compared to listwise deletion of participants with missing data and other
available methodologies of correcting for missing data (Enders & Bandalos, 2001). To best
model non-normal data, we used maximum likelihood with robust corrections using the MLR
estimator (Yuan & Bentler, 2000). Figures and text both report the standardized paths from these
models.

We aimed to examine two models that tested the mediating role of childhood executive
function for the link between early-life family income and late adolescent academic achievement
under increasingly complex assumptions. Given the lack of consensus regarding the structure of
executive functions in childhood, we first conducted an exploratory factor analysis with the 13
indicators of executive function abilities measured between the ages of 8 and 11. These analyses
indicated four factors, corresponding to a teacher ratings factor, a parent ratings factor, a task-
based factor tapping primarily into Lower-Order executive function skills (e.g., selective
attention, inhibitory control), and a task-based factor that captured multiple facets of higher-order

executive function skills (e.g., divided attention, working memory). We defined each factor
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based on the common practice of allocating the measures loading .30 or higher on that factor in
the exploratory factor analysis (Osborne, Costello, & Thomas Kellow, 2008; see highlighted
cells in Table 1.3 for loadings). We then conducted a confirmatory factor analysis (Model 1,
Figure 1.2) that assessed the fit of a 4-factor model suggested by the exploratory factor analysis,
such that measures were set to load on a factor if they had a loading of .30 or higher on that same
factor in the exploratory factor analysis. Next, we tested two structural models to evaluate our
main hypotheses. We started with the most basic model that tested the mediating role of
executive function in the relation between early-life family income and later academic
achievement, without the inclusion of any covariates (Model 2, Figure 1.3). Our second model
added the two temperament variables, family income at age 8 and 18, parental education at age
8, sex, verbal 1Q, and extracurricular activities at age 11 as covariates in order to account for
other potential influences on executive function and academic achievement (Model 3, Figure
1.4). We chose these covariates a priori based on previous literature linking them to executive
function or academic achievement. The mediating effect of task-based executive function was
significant irrespective of whether these covariates were entered one at a time or simultaneously
as a block. The addition of covariates was implemented by adding paths from each of these
covariates to the executive function latent factor and the academic achievement measure. The
paths from the covariates to the main variables of interest are not shown in the figures due to
space constraints, but are discussed in the main text. The first two hypotheses are tested in model
2 and the third hypothesis is tested in model 3.

In all of the above models, several indices of model fit were considered jointly to assess
the models based on current recommendations for best practice. The chi-square test of model fit

is often significant in large samples such as this one, so we relied more heavily on the following
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indicators of good fit: a root mean square error of approximation (RMSEA) below .05 for good
fit and below .08 for acceptable fit; the comparative fit index (CFI) and Tucker-Lewis index
(TLI) being at least .90 for acceptable fit and at least .95 for good fit, and the standardized root-
mean-square residual (SRMR) being below .05 for good fit and below .08 for acceptable fit (Hu
& Bentler, 1999).
Missing Data

To test whether data were missing completely at random, we conducted Little’s MCAR
test. The test was significant (p < .001), indicating that the data were not missing completely at
random. A previous paper from ALSPAC reported that attrition over time was dependent on
several variables in the dataset such that participants who remained in the study were more likely
to be female, have higher educational attainment, and were less likely to be eligible for free
school meals (Boyd et al., 2012). Missing pattern analyses with the sample from the current
analyses confirmed these results. For instance, academic achievement data were more likely to
be available at age 16-18 if participants were female, had higher family income at age 0-5, and
higher levels of parental education. In the current analyses, we used FIML to account for missing
data in SEM, as this allows all participants to provide information from some variables even if
they have missing data on other variables. Additionally, we re-tested our models with five
complete datasets generated via multiple imputation (Fully Conditional Specification method), as
can be seen in the Supplemental Material. Results were identical or stronger with the imputed
data (see Supplemental Figures 1.5, 1.6, and 1.7).

Results
Table 1.1 displays sample characteristics. Table 1.2 displays bivariate correlations

between the major variables.
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Table 1.2. Correlations between the major variables. In the table, 1 = family income age 0-5, 2 = teacher report of age 8 attention, 3 =
teacher report of age 8 activity, 4 = teacher report of age 11 attention, 5 = teacher report of age 11 activity, 6 = parent report of age 8
attention, 7 = parent report of age 8 activity, 8 = Sky search task age 8, 9 = Dual attention task age 8, 10 = Opposite worlds age 8, 11 =
Counting span age 10, 12 = Sky search age 11, 13 = Dual attention age 11, 14 = Opposite worlds age 11, 15 = Academic achievement,
16 = Persistence score, 17 = Distractibility score, 18 = Family income age 8, 19 = Family income age 18, 20 = Parental education age
8, 21 = Verbal 1Q, 22 = Extracurricular activities, 23 = Sex.
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As expected, there were significant associations among all our measures of executive function.
The academic achievement index was significantly and positively associated with the measure of
early-life family income. In bivariate correlations (see Table 1.2), this academic index exhibited
associations of comparable size with family income at ages 0-5, age 8, and 18. When examining
the associations among executive function measures and early-life income, the Opposite Worlds
task (a measure of cognitive inhibition), Counting Span (a measure of working memory), and the
teacher-reported measure of behavioral inhibition showed the strongest associations with indices
of early-life income.
Exploratory Factor Analysis

The exploratory factor analysis for the executive function measures identified four
distinct factors with eigenvalues greater than 1. The minimum criteria used for deciding whether
an individual measure loaded on a factor was that it had a primary factor loading of at least .3

(Osborne et al., 2008; Table 1.3).
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Table 1.3. Factor loadings for the four executive function latent factors. We conducted an
exploratory factor analysis to reduce the 13 observed executive function (EF) measures using
Principal Components Analysis with a Promax rotation (note that the same pattern of results was
obtained with a VVarimax rotation). We retained all factors having eigenvalues greater than 1.
Factor loadings are shown for each measure and the four factors. We defined each factor based
on the common practice of allocating measures loading at .30 or higher (see highlighted cells;
Osborne, Costello, & Kellow, 2008). Because the tasks loaded on two separate factors, we
labeled one as “Lower-Order EF Tasks” for easier differentiation in text because the Sky Search
tasks loaded strongly and almost exclusively on this factor and it is primarily an attention task.

Teacher Report

Lower-Order

Parent Report

Higher-Order

Factor EF Factor Tasks EF Tasks
(Eigenvalue 3.56) (Eigenvalue 1.71) (Eigenvalue 1.20) (Eigenvalue

1.13)

Teacher — Age 8 .68 A1 13 .07

Attention

Teacher — Age 11 .84 .03 -.01 .02

Attention

Teacher — Age 8 81 -.04 .06 -.05

Activity

Teacher — Age 11 .90 -.09 -.09 -.09

Activity

Parent — Age 8 .00 .06 90 .04

Attention

Parent — Age 8 .04 -.04 .90 01

Activity

Sky Search — Age8 -.08 71 .03 -.04

Sky Search — Age 11 -.02 .80 .08 -.22

Dual Attention — -.22 -.07 10 73

Age 8

Dual Attention — 13 -.25 .02 .64

Age 11

Opposite Worlds — .03 .36 -.05 40

Age 8

Opposite Worlds — 10 .55 -11 .26

Age 11

Counting Span — .04 .20 -.06 51

Age 10
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This analysis indicated a separation of the measures by informant and facet of executive
function, but not age of measurement. The eigenvalues indicated that there was one factor
defined most strongly by the teacher ratings, a second defined by the parent ratings, a third factor
defined most strongly by the Sky Search tasks at both time points and the Opposite Worlds task
at both time points (for ease of discussion we are labeling this factor the Lower-Order EF tasks
factor given that these tasks index lower-order executive function tasks like selective attention
and inhibitory control, while also recognizing that this may recruit other facets of executive
function), and a final factor consisting of the Dual Attention task at both time points (measures
of set shifting), the Opposite Worlds task at both time points (measures of inhibition), and the
Counting Span task at age 10 (a measure of working memory). We refer to these factors from
here on respectively as: Teacher Report factor, Parent Report factor, Lower-Order EF tasks
factor, and Higher-Order EF tasks factor.
Confirmatory Factor Analysis

Model 1. The CFA for the measurement model of executive function indicated excellent
model fit (see Figure 1.2): 32 (50) = 845.05, p < .001, RMSEA = .04, CFl = .96, TLI = .94, SRMR

=.04.
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Figure 1.2. Model 1 was a confirmatory factor analysis for the executive function latent factors. **p < .01 (2-tailed). Standardized
coefficients are shown on each path in this model and all subsequent models.
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The Teacher Report factor was well defined by the teachers’ report of the child’s attention
abilities at age 8 and age 11 and of the child’s activity levels at age 8 and 11 (the standardized
loadings were all significant at p < .001: .80, .75, .79, and .69, respectively). The two parent
reported measures loaded strongly on the Parent Report factor (the standardized paths were both
significant at p <.001: .70, and .60, respectively). As suggested by the high modification indices
for the first model we tested, we allowed the teacher reported measures to co-vary with each
other, the parent report measures to co-vary with each other, and the teacher and parent measures
at age 8 to co-vary. Four measures loaded on the Lower-Order EF tasks factor: the Sky Search
and Opposite Worlds subtests of the TEACh at both age 8 and 11 (the standardized paths were
all significant at p <.001: .48, .60, .26, and .29, respectively). Lastly, five measures loaded on
the Higher-Order EF tasks factor: the Dual Attention and Opposite Worlds subtests of the
TEACh at age 8 and age 11, and the Counting Span task measured at age 10 (the standardized
paths were all significant at p < .001: .38, .31, .56, .58, and .40, respectively).
Structural Model Testing

Model 2. We began by testing the mediating pathways from early-life income to later
academic achievement via the four executive function factors. This was a basic model, without

additional covariates (see Figure 1.3 for complete details).
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Figure 1.3. Model 2 tested the structural model including mediation by the four executive function factors, without covariates. **p <
.01 (2-tailed).
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Consistent with our first hypothesis, higher early-life income predicted better academic
achievement in late adolescence (f = .22, SE = .07, p <.001). There was a significant positive
direct path from early-life income to the Higher-Order EF tasks factor (f = .21, SE =.03, p <
.001), the Lower-Order EF tasks factor (# = .06, SE = .02, p = .004), the Parent Report factor (5
=.16, SE = .04, p <.001), and the Teacher Report factor (= .19, SE = .02, p <.001). There
were also significant positive paths from the Higher-Order EF tasks factor to academic
achievement (4 = .25, SE = .04, p <.001) and from the Teacher Report factor to academic
achievement (f = .22, SE = .02, p <.001), with paths from the Lower-Order EF tasks factor and
Parent Report to academic achievement not significant (p’s > .05). There were significant
mediating pathways through both the Higher-Order EF tasks (indirect effect: s = .05, SE = .01, p
<.001) and the Teacher Report factors (indirect effect: p = .04, SE = .01, p <.001).

Model 3. The final model included all of the covariates (the two temperament variables,
family income at age 8 and 18, parental education at age 8, sex, verbal 1Q, and extracurricular

activities at age 11, see Figure 1.4 for details).
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Figure 1.4. Model 3 revealed that the mediation pathway from age 0-5 income to academic achievement via the Higher-Order EF
Tasks factor retained explanatory power after accounting for our panel of covariates (paths involving covariates not shown to improve
readability but path statistics are included in text). ECAs = extracurricular activities. **p < .01.
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We explored this model as a robustness check to test whether our central mediation model
retained explanatory power after accounting for a number of potentially confounding variables.
In this model, there was only a significant positive direct path from early-life income to the
Higher-Order EF tasks factor (# = .08, SE = .04, p = .001), with the paths from early-life income
to the other three executive function factors being non-significant (p > .05). As in the previous
model, there was a significant positive direct path from the Higher-Order EF tasks factor to
academic achievement (5 = .11, SE = .04, p = .005) and from the Teacher Report to academic
achievement (f = .18, SE = .02, p <.001), but not from the other two factors to academic
achievement (p’s > .05). Overall, there was only one significant mediating pathway through the
Higher-Order EF tasks factor (5 = .01, SE =.01, p = .03), but not any of the others (p’s > .05).
There were a number of significant paths involving the covariates, as follows. Persistence
and distractibility in toddlerhood were related to both Teacher Report (f = .06, SE = .01, p <
.001, and g = .03, SE = .01, p = .02, respectively) and Parent Report (5 = .16, SE = .01, p <.001,
and g = .03, SE = .01, p = .02, respectively), such that children who had high levels of
persistence and distractibility were rated as having better executive function abilities later on.
Higher family income at age 8 was a significant predictor of higher executive function abilities
as reported by teachers (# = .08, SE = .06, p = .002) and parents (# = .08, SE = .06, p < .001), as
well as higher academic achievement in late adolescence (4 = .06, SE = .04, p = .04). Higher
family income at age 18 was also significantly related to higher academic achievement (5 = .10,
SE =.02, p = .001). Higher parental education measured in middle childhood was linked to
higher academic achievement (4 = .08, SE = .01, p < .001). Higher verbal 1Q ability predicted
higher teacher ratings (# = .37, SE =.003, p <.001) and parent ratings (8 = .23, SE = .003, p <

.001) of executive function, stronger performance on the Lower-Order EF tasks (5 =.19, SE =
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.002, p <.001) and Higher-Order EF tasks (5 = .46, SE = .003, p < .001), as well as higher
academic achievement (f = .20, SE =.002, p < .001). Female participants were rated as having
higher executive function abilities by their teachers (4 = .38, SE = .08, p <.001) and parents (5 =
.18, SE = .07, p < .001), and performed better on the Lower-Order EF tasks (# = .16, SE = .08, p
<.001). There were no significant effects of sex on the Higher-Order EF tasks factor (5 = -.03,
SE = .07, p = .18) or academic achievement (5 = -.02, SE = .07, p = .42). Lastly, participating in
more extracurricular activities was associated with better performance on the Higher-Order EF
tasks (# = .10, SE =.03, p <.001) and higher academic achievement (5 = .06, SE =.02, p =
.001), but was not associated with any of the other executive function factors (p’s > .28).
Discussion

Economic disparities in academic achievement exist worldwide and perpetuate inequality
from one generation to the next (Duncan et al., 2017; Sirin, 2005). Much of the existing research
on pathways from low family income to low academic achievement has focused on the role of
family, school, or neighborhood characteristics. The present study aimed to add to this important
literature by focusing on a pathway involving executive function, a within-child process that is
sensitive to disruption under economic hardship (Blair & Raver, 2015; Raver, 2012), but which
is also amenable to interventions (Blair & Raver, 2014; Diamond & Lee, 2011).

As hypothesized, lower early-life family income predicted lower academic achievement
in adolescence. This observation is consistent with prior literature on the achievement gap
between low-income children and their better-off counterparts (Duncan et al., 2017; Sirin, 2005).
Although some studies have shown concurrent associations between socioeconomic status and
university admission outcomes (Sackett et al., 2012), the present study adds novel evidence by

showing that family income many years prior is associated with long-term academic
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achievement around the time of university admission. The large sample size in the current study
afforded us the unique opportunity to test whether early-life family income continued to predict
academic outcomes via executive function when we statistically adjusted for family income at
ages 8 and 18, and it did. This finding suggests a potentially important and independent role of
early experience in setting up the foundation for later academic achievement.

We also found support for our second and third hypotheses. Namely, the link between
early-life income and academic achievement was significantly mediated through the Higher-
Order EF tasks factor in all model specifications (with and without covariates, with covariates
entered as a block or one at a time, and with mediation models conducted with FIML or with
imputed data). In addition, the Teacher Report of executive function factor mediated in models
without covariates and in the imputed datasets (see Supplemental Table 1.4). The Parent Report
and Lower-Order EF tasks only mediated in the imputed datasets without covariates
(Supplemental Figure S1.2). Overall, these results are consistent with prior findings that
cognitive testing and teacher report, but not parent report, were predictive of academic success in
6-8-year-old children (Dekker et al., 2017), and that cognitive tests were stronger predictors than
teacher report (Dekker et al., 2017). Cognitive tests may have more predictive power due to their
objective nature, whereas teacher report may be stronger than parent report in predicting
academic achievement because it reflects skills evidenced within the academic context. Parents’
ratings may be anchored more closely to family dynamics and involve comparison of the child’s
behavior to that of other family members, which may be less informative of the child’s potential
for future academic achievement.

Overall, the mediating role of task-based executive function is consistent with previous

studies, which found a similar mediating path through executive functions over the preschool

28



years (Fitzpatrick, McKinnon, Blair, & Willoughby, 2014) and over short time periods during
childhood (Lawson & Farah, 2017). This study extends these findings to a much longer time
span from early childhood to middle-to-late childhood and late adolescence. This report did not
examine potential mediators between early-life family income and executive function, but
prevailing theory suggests important roles for stress neurobiology and the quality of parent-child
interactions (Blair, 2010; Blair & Raver, 2016; Hackman & Farah, 2009; Ursache & Noble,
2016).

Furthermore, the current study added evidence that executive function skills are
important predictors of academic success. To provide just a few examples that might explain
these associations, executive function allows children to shift and maintain attention as needed
during a lesson, remember classroom rules, inhibit inappropriate impulses, hold and manipulate
items in working memory to aid reasoning, and use planning to solve problems effectively. It is
increasingly recognized that these behaviors and abilities are equally important in education as
content knowledge, if not more important (Blair & Raver, 2015). Nevertheless, it must be noted
that our analyses suggested partial, not full mediation of lower early-life income predicting
academic achievement in late adolescence via executive function, as a direct path between low
early-life family income and academic achievement persisted after accounting for the role of
executive function in our basic model without covariates. It should not be surprising that full
mediation was not observed; there are likely to be multiple mediating mechanisms in addition to
executive function by which family income influences academic achievement. Previous studies
have highlighted the mediating role of family, school, and neighborhood processes (Aikens &
Barbarin, 2008; McLoyd, 1998; Sirin, 2005; Yeung et al., 2002), and more research is necessary

to elucidate these pathways and their relative importance.
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Accounting for Covariates

The large sample size in the ALSPAC Study allowed us the unique opportunity to
statistically adjust for a number of variables that might confound the associations of interest:
early-life distractibility and persistence, family income at ages 8 and 18 years, parental education
at age 8, sex, verbal 1Q, and extracurricular activities in middle-to-late childhood. We discuss
findings related to each covariate in turn.

In order to infer that early-life family income contributes to the development of executive
function in middle-to-late childhood, it would be important to statistically adjust for executive
function in early childhood. Towards this goal, our models regressed executive function in
middle-to-late childhood on two proxy measures of early-life executive function skills assessed
at age two, the Distractibility and Persistence scales from the Carey Infant Temperament
Questionnaire (Carey & DeVitt, 1978). Both the Distractibility and Persistence scales were
significant predictors of later executive function as reported by the teacher and parent, and early-
life income continued to predict executive function as reported by the teacher and captured by
the EF tasks after partialing out the effect of these two variables. This analysis provides some
hints about the potential contribution of low family income to the development of executive
function, but this finding should be interpreted with caution given the correlational study design
and the limitation that this early measure was a weaker assessment of executive function than the
age 7-11 measures.

Higher family income measured when the child was 8 years old and 18 years old was also
related to higher academic achievement. This is not surprising, given that financial circumstances
in late childhood and adolescence may constrain youth’s decision to continue schooling and

orient them towards seeking employment rather than pursuing a university education if they
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come from families who are struggling financially. Once these two covariates were added into
the model, the role of early-life income was weakened because both of these variables were
strongly correlated to the early-life income measure. Nevertheless, the indirect path from early-
life income to academic achievement via executive function tasks remained significant,
suggesting a foundational role for early-life income in predicting later academic achievement.
This finding is consistent with some prior evidence from national datasets in the United States
highlighting the role of early-life income above the role of subsequent family income (Duncan et
al., 1998; Johnson & Schoeni, 2011).

As expected, parental education at age 8 was positively related to later academic
achievement. The logic behind the inclusion of this covariate was two-fold. First, we wanted to
examine whether family income would retain its predictive power after we account for this other
important facet of socioeconomic status. This is useful to examine in order to inform future
interventions, which may focus on improving family finances, parental education, or both.
Secondly, parents’ educational attainment shapes offspring academic aspirations through
pathways such as parental beliefs, expectations, and modeling of desirable goals (Davis-Kean,
2005; Eccles, 2005), which would be different pathways to explaining our outcomes than our
hypothesis that executive function is directly involved in and a facilitator of academic
performance. Analyses indicated that, even after accounting for parental education, income
continued to predict academic achievement and executive function remained a predictor of
academic achievement.

Interestingly, sex was related to three aspects of executive function but not academic
achievement. In the current study, female participants demonstrated better executive function

abilities as reported by their parents and teachers and performed better on the Lower-Order EF
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tasks relative to male participants. This is consistent with previous research, which has indicated
a sex effect favoring females in executive function, particularly in studies of young children
(reviewed in Zelazo, Carlson, & Kesek, 2008). However, females did not differ from males on
our academic achievement composite, which included performance on end-of-high school
qualification exams and university application or admission outcomes. The fact that the female
advantage in aspects of executive function did not translate into higher academic achievement is
intriguing. This result may dovetail with meta-analytic evidence suggesting that females receive
higher school marks than males on almost any subject, but this advantage disappears when
examining national achievement tests (Voyer & Voyer, 2014). Perhaps females’ higher executive
function skills in the classroom allow them to perform better in daily school contexts and when
being evaluated by their teachers who observe other aspects of competence, such as behavioral
self-regulation. However, this advantage may diminish in the context of standardized national
exams, which are often one-time tests that both males and females try to prepare well for. The
fact that the female advantage not only disappears but is reversed in some standardized
achievement tests such as mathematics tests (Voyer & Voyer, 2014) also suggests that female
performance might suffer in these circumstances due to stereotype threat, which is perhaps
reducing the scholastic advantage they otherwise exhibit when school marks are considered.

As expected, verbal 1Q at age 8 was related to all four executive function factors and later
academic achievement, such that participants who had higher verbal 1Q exhibited better
executive function and better later academic achievement. This is in line with an extensive body
of prior research (e.g., Arffa, 2007; Roth et al., 2015). Verbal 1Q was also significantly
associated with early-life family income (see Table 1.2), such that participants with higher

family income scored higher on this test. This finding is consistent with prior longitudinal
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research in the United Kingdom indicating that children of lower socioeconomic status already
exhibit lower 1Q compared to high-socioeconomic status children by the time they are two years
old, and these differences widen over time (von Stumm & Plomin, 2015). Nevertheless,
executive function explained variability in academic achievement even after accounting for the
association of verbal 1Q with both executive function and academic achievement.

Participation in extracurricular activities (sports, swimming, languages, music, singing,
religion, and other groups like Scouts) exhibited positive associations with both of the task-based
Higher- and Lower-Order EF factors as well as later academic achievement, consistent with prior
research on the positive developmental outcomes associated with participating in such activities
(Farb & Matjasko, 2012). We included this covariate to reflect the potential influence of the
broader social context that school-aged children encounter and because extracurricular activities
are associated with both income and academic achievement (Morris, 2015). We found that early
family income retained significant associations with task-based executive function and academic
achievement even after accounting for the role of these enriching social activities.

Limitations, Strengths, and Conclusions

The present study was not without limitations. First, although the long-term prospective
longitudinal design was a major strength because it allowed us to link early-life experiences to
long-term outcomes, it also resulted in significant attrition in our outcome measure (only 3,215
participants, representing 21% of the original sample, completed the academic assessment at age
16-18). This is a significant limitation of this study. Although not uncommon among studies that
span such long time periods, this high attrition rate left the sample less representative and of
higher socioeconomic status than the initial sample (Boyd et al., 2012), limiting generalizability.

Furthermore, we believe that this likely resulted in an underestimation of the true magnitude of
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the effects, since many of the low-income participants from the initial sample were lost to
follow-up and this restricted the range of income observed in the final sample. This interpretation
is supported by results from the imputed data, which were stronger and showed mediation by all
four executive function factors with complete, imputed datasets (see Supplemental Figure 1.6).
Thus, our analyses should be interpreted as evidence that the pathways we tested matter for the
target outcomes and as potential hints about the lower bound of the possible effect sizes, rather
than as exact point estimates for the true effects in the population.

A second limitation is that the self-report nature of the academic achievement data may
introduce some bias. We believe that memory biases are mitigated by the fact that these data
were collected very close in time to the relevant qualification exams and university application
deadlines. Furthermore, subjectivity biases were mitigated by the concrete and unambiguous
nature of the questions (whether they passed certain qualification exams or not, applied for
university admission or not, and gained university admission or not).

Finally, another limitation is that this study is correlational, thus we cannot definitively
ascertain causality. We statistically controlled for early-life distractibility and persistence at age
2 as proxy measures of early executive function, thus revealing that early-life family income
continued to predict executive function in middle-to-late childhood, consistent with our
hypothesis about a potential contribution of early family income to the development of executive
function from age 2 to ages 7-11. A measure of academic achievement at ages 7-11 was not
available to conduct similar adjustment for prior levels of academic achievement. Ultimately, the
correlational design in this study precludes stronger causal inferences about the role of family
income in shaping child executive function given that we cannot rule out alternative explanations

(e.g., the contribution of genetics to both parent and child executive function, which could
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impact parental earnings and contribute to the association we observed). Other studies with
experimental and quasi-experimental designs (e.g., cash transfer programs, laboratory
experiments that induce resource scarcity mindsets) suggest that a causal effect is theoretically
plausible, as these studies demonstrate that resource scarcity leads to a pattern of decision-
making that favors smaller short-term gains over greater long-term benefits (Haushofer & Fehr,
2014), which would be reflected in low executive function skills as assessed with various tasks.

Despite these limitations, the current study also had a number of methodological
strengths. The long developmental time span covered and large sample size were unique assets
of this study that allowed us an expanded window for observing associations with early-life
family income independently of later income. Furthermore, the thorough assessment of executive
function through multiple indices and across multiple waves of data collection strengthens
confidence in our findings. The availability of both task-based measures of executive function as
well as parent and teacher reports limited the contribution of reporting biases by allowing us to
parse measurement variance out through latent factor modeling.

In conclusion, this study supports the role of executive function in middle-to-late
childhood as a foundation for long-term academic success, and a possible mediator between
early-life family income and academic achievement. These findings support the value of
intervention programs that aim to improve executive function to reduce income-based disparities
in academic achievement. Indeed, evidence exists that boosting executive function in the
preschool years may help close the achievement gap between poor children and their better-off
peers (Blair & Raver, 2014). Our study also highlights executive function between the ages of 7
and 11 as another possible target, with potentially far-reaching benefits for academic

achievement.
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Supplemental Table 1.4. Exploratory factor analysis with 13 observed executive function
measures and all missing data imputed returned the same results as our primary analyses: four
factors with eigenvalues > 1. Factors were extracted using Principal Components Analysis with a
Promax rotation (note that the same pattern of results was obtained using a VVarimax rotation).
Factor loadings are shown for each measure and the four factors. We defined each factor based
on the common practice of the measures loadings at .30 or higher (see highlighted cells;

Osborne, Costello, & Kellow, 2008).

Observed Measures Teacher Report  Lower-Order EF Parent Report Higher-Order EF
Factor Tasks Factor Tasks
(Eigenvalue 3.70) (Eigenvalue 1.75) (Eigenvalue 1.16) (Eigenvalue 1.10)

Teacher — Age 8 .66 .08 A2 .09

Attention

Teacher — Age 11 15 -.05 A5 -.09

Attention

Teacher — Age 8 .84 .05 -.09 .08

Activity

Teacher — Age 11 91 -.08 -.08 -.07

Activity

Parent — Age 8 .00 .05 .90 .03

Attention

Parent — Age 8 Activity .03 -.07 .94 -.05

Sky Search — Age 8 -.07 74 -.02 -.16

Sky Search — Age 11 .06 .79 -.01 -.20

Dual Attention — Age 8 -.15 -.12 .05 .69

Dual Attention — Age .07 -.32 -.02 73

11

Opposite Worlds — Age -.05 48 .04 41

8

Opposite Worlds — Age .03 47 .02 40

11

Counting Span — Age A1 12 -.09 .50

10
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Supplemental Figure 1.5. Confirmatory Factor Analysis (CFA) with imputed data
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Supplemental Figure 1.6. Mediation model without covariates (imputed data). All four executive function factors significantly
mediated the relation between income age 0-5 and academic achievement (indirect effects for Higher-Order EF Tasks: = .04, SE =
.004, p <.001; for Lower-Order EF Tasks: g =.003, SE = .001, p =.001; for Parent Report: g = .009, SE =.005, p = .04; for Teacher
Report: = .02, SE =.002, p <.001).
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Supplemental Figure 1.7. Mediation model with covariates (imputed data). Higher-Order EF Tasks and Teacher Report factors
significantly mediated the relation between income age 0-5 and academic achievement (indirect effects for Higher-Order EF Tasks: g
=.006, SE =.002, p < .001; for Lower-Order EF Tasks: # =-.000, SE = .000, p = .90; for Parent Report: g = .000, SE = .000, p = .15;
for Teacher Report: = .004, SE =.001, p <.001).
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CHAPTER 2
STUDY 2: THE EFFECTS OF ACUTE STRESS AND PARENT SUPPORT ON EXECUTIVE
FUNCTION: AN EXPERIMENTAL STUDY

Executive function (EF) is an umbrella term for a collection of skills that make it possible
for us to keep goals and information in mind, maintain attention, remain focused on a task
despite distractions, decide on the best course of action, reflect on the past and plan for the future
(Zelazo et al., 2016). EF includes at least three core facets: working memory, cognitive
flexibility, and inhibitory control (Diamond, 2013; Miyake & Friedman, 2012). Working
memory comprises the ability to hold information in mind as well as update and integrate those
contents if new information arises. Cognitive flexibility comprises the ability to shift between
rules and ways of thinking. Inhibitory control involves the overriding of a prepotent thought or
response in order to stay on task or respond in an appropriate way. Within these three core facets
of EF, research indicates that there may also be both “hot” and “cold” EF, the difference between
the two being emotion and motivation (Zelazo & Carlson, 2012). When motivation and emotion
are high, “hot” EF is recruited, while when motivation and emotion are low, “cold” EF is
recruited. The three core facets are what high-order EF such as planning, problem-solving and
reasoning are based upon. These processes are important for getting along with peers (e.g.,
Holmes et al., 2016; Nakamichi, 2017) and parents (Merz et al., 2017), as well as academic
performance (Cortés Pascual et al., 2019; Wang & Zhou, 2020). Additionally, EF is important
for long-term outcomes such as mental and physical health, academic outcomes, marital
harmony, and involvement with the justice system (Diamond, 2013).

The importance of EF for all of these short and long-term outcomes makes it imperative

that the factors that influence it are understood. Stress is thought to impact many brain regions
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and networks that overlap with those recruited by EF, namely the prefrontal cortex (PFC;
reviewed in Arnsten, 2009). Although the effects of stress on brain regions such as the prefrontal
cortex are stronger when individuals experience chronic stress, there are also measurable effects
of acute stress. Stressors that are social-evaluative and unpredictable in nature are particularly
potent activators of neurobiological stress-response systems (Dickerson & Kemeny, 2004).
Children face a variety of these social-evaluative and unpredictable stressors daily, ranging from
evaluation in the classroom to conflict with a classmate or a family member. These types of
stressors may have an impact on EF performance.
Stress and Executive Function

Accumulating evidence suggests that the experience of stress can acutely influence
cognitive processes such as EF (for review, see Lawson et al., 2018; Op den Kelder et al., 2018;
Shields et al., 2016a). However, the majority of this research has focused on the effects of acute
stress on EF performance in adults. In comparison to the literature on the effects of acute
stressors on EF in childhood, the adult literature is much more expansive. Shields and colleagues
(2016a) conducted a meta-analysis of 51 studies that evaluated the effect of acute stressors such
as the Trier Social Stress Test (TSST) and the Socially Evaluative Cold Pressor Test (SECPT) on
EF performance in adults. Of the 51 studies, 34 assessed working memory, 21 assessed
inhibitory control, and 6 assessed cognitive flexibility. They found that adults who had
experienced an acute stressor exhibited both impaired working memory and cognitive flexibility,
but they did not find an overall effect of acute stress on inhibitory control (Shields et al., 2016a).
They found that the type of inhibitory control may matter, such that response inhibition, or the
suppression of a prepotent response, was enhanced following stress, while cognitive inhibition,

or selectively attending to or ignoring information, was impaired following stress (Shields et al.,

41



2016a). Although this distinction between response inhibition and cognitive inhibition has been
challenged (Roos et al., 2017b), this evidence suggests the impact of acute stress on inhibitory
control may vary by task type.

The literature examining the relation between experiencing chronic stressors and EF
performance is also quite expansive and consistent. Two relevant meta-analyses that assessed the
relation between experiencing chronic stressors such as low socioeconomic status (Lawson et al.,
2018) and trauma (Op den Kelder et al., 2018) and EF performance in childhood found that
experiencing these chronic stressors was related to lower performance across all EF domains.
Taken together, the extant literature indicates that there appear to be effects of both acute and
chronic stress on EF performance, but there is much more to be learned about the effects of acute
stress in children.

The literature assessing the effect of acute stressors on EF in children is sparse
and the findings are mixed. To date, there are just four studies of the effects of
experiencing acute stressors on EF in children and adolescents (de Veld et al., 2014;

Mucke et al., 2020; Quesada et al., 2012; Tsai et al., 2021). Three of these previous
studies have assessed the impact of experiencing an acute stressor on working memory
performance in children (de Veld et al., 2014; Quesada et al., 2012; Tsai et al., 2021), and
another assessed the impact on inhibitory control in adolescents (Micke et al., 2020). All
of these studies examined how the experience of an acute social-evaluative stressor, the
Trier Social Stress Test (TSST) impacted EF performance. Quesada and colleagues
(2012) found no effect of experiencing the TSST on working memory of 8-10-year-old
children in comparison to children in a no-stress comparison condition, while de Veld

and colleagues (2014) found for 9-11-year-old children, that children who experienced
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the TSST exhibited worse performance on working memory tasks following the TSST in
comparison to their performance on the tasks a week earlier, without the TSST. Tsai and
colleagues (2021) examined the effects of experiencing the TSST on working memory
performance in 8-15-year-olds and examined differences in processes involved in
working memory based on age and activation of physiological systems. They found that
older children exhibited better accuracy and fewer false alarms on the task, but since all
participants experienced the TSST, this study could not examine the effects of the acute
stressor itself (Tsai et al., 2021). Micke and colleagues (2020) examined the effects of
experiencing the TSST on inhibitory control in 16-20-year-old adolescents, finding no
effect compared to baseline. To date, there is no published work looking at the effects of
acute stressors on cognitive flexibility performance in children.
The Role of Parental Support

If acute stress impacts EF performance, it is also important to examine factors that
might buffer children from these impacts. Social support from parents can buffer
children’s physiological stress response during and after experiencing a stressor (Gunnar
et al., 2015; Hostinar et al., 2015; Parenteau et al., 2021; Seltzer et al., 2010). Although
social support has not yet been examined as a buffer against the effects of stress on EF
performance, there is a literature that assesses the relation between the quality of the
parent-child relationship and child EF performance. Research indicates that children
exhibit better EF performance if they have a secure attachment style (e.g., Bernier et al.,
2012; 2015; Lind et al., 2017; Merz et al., 2017), and if their parents exhibit high levels
of support (e.g., Moilanen et al., 2010; Spruijt et al., 2018; Vandenbroucke et al., 2017),

positive parenting (e.g., Amicarelli et al., 2018; Roskam et al., 2014), and parental
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involvement (e.g., Roskam et al., 2014; Sosic-Vasic et al., 2017). This literature points to
the possibility that support from a parent might serve as a significant buffer for children
against the effects of acute stress.
Potential Moderators of the Relation Between Stress and EF

Stressors, particularly social-evaluative stressors, are potent activators of stress
neurobiological systems like the hypothalamic-pituitary-adrenal (HPA) axis and the
autonomic nervous system (Dickerson & Kemeny, 2004). The parasympathetic nervous
system (PNS) is essential in moderating arousal in response to stressors and is also linked
to cognitive performance (Thayer et al., 2009; Yim et al., 2015). However, the literature
assessing the role of the PNS in explaining the effects of acute stress on EF is quite
sparse. Roos and colleagues (2017a) found that higher PNS reactivity was a protective
factor for participants, such that participants who had high PNS reactivity did not exhibit
the impaired inhibitory control performance that those with lower PNS reactivity did.
While this relation has not been tested in children, other research has found that during
EF tasks, moderate PNS reactivity, rather than high or low, is linked to optimal EF
performance (Marcovitch et al., 2010). The other branch of the autonomic nervous
system, the sympathetic nervous system (SNS), has also been examined as a potential
moderator of the stress-EF relation, focusing on working memory. Two studies have
examined SNS reactivity as an explanation of the stress-EF relation in childhood through
salivary alpha-amylase (SAA; de Veld et al., 2014; Tsai et al., 2021). De Veld and
colleagues (2014) found no association between sAA reactivity to the TSST and working
memory performance, while Tsai and colleagues (2021) found that higher SAA reactivity

to the TSST predicted better working memory performance.
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Similarly, cortisol, the end product of the HPA axis, can disrupt typical prefrontal
cortical function (e.g., Porcelli et al., 2008; Vogel et al., 2016), which is essential for EF
(Arnsten, 2009). However, the literature examining the effect of cortisol on EF
performance is inconsistent. Schwabe and colleagues (2013) found that when cortisol was
pharmacologically blocked, the effects of acute stress on EF were non-significant,
indicating that cortisol may be involved in the pathway by which acute stress impacts EF.
Other studies that measure circulating cortisol have found that higher cortisol was related
to better EF (de Veld et al., 2014; Gabrys et al., 2019; Winsch et al., 2019), or had no
effect on EF (Human et al., 2018; Shields et al., 2016b).

In addition to these biological processes, child mental health may also play an
important role in the relation between experiencing a stressor and EF performance.
Previous work has found that children who have both internalizing (e.g., Mullin et al.,
2018; Wang & Zhou, 2020) and externalizing (e.g., Mullin et al., 2018; Schoemaker et
al., 2013) problems exhibit worse EF in comparison to children who do not. Therefore, it
is possible that pre-existing child emotional and behavioral problems may influence how
the experience of stress impacts EF performance.

The Present Study

In order to address these gaps in the literature, the current study tested the relation
between the experience of acute stress and EF performance in 9-11-year-old children. We
hypothesized that children exposed to the Trier Social Stress Test-Modified (TSST-M)
would exhibit worse EF than children who did not experience the TSST-M. We also
hypothesized that children who received social support from parents prior to the TSST-M

would be buffered from the effects of experiencing the TSST-M and would exhibit better
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performance than children who did not experience parental support and similar
performance to children who did not experience the TSST-M. Lastly, we examined the
exploratory hypotheses that child characteristics such as PNS and SNS reactivity, cortisol
reactivity, and child behavioral and emotional problems would moderate the relation
between experiencing the TSST-M and EF performance.

Methods
Participants

Participants included 181 children, aged 9-11 years old and their parents who lived in the
Sacramento-Davis area. Participants were recruited through the University of California, Davis
Participant Pool system (n = 170) and Facebook advertisements (n = 11). Sample demographic
information can be found in Table 2.1. Participants were 9 to 11 years old (M = 9.91 years, SD =
0.56 years; 50.6% male and 49.4% female at birth; current gender identification: 48.3% male,
50% female, and 1.7% other). Participants were screened to participate via a phone interview
with a parent. Exclusion criteria included having a developmental disorder, chronic health
condition, a speech or language disorder that would prohibit study activities, and currently taking
psychotropic or steroid medication. In addition, parents were asked if their child had been ill in
the past two weeks, and if so, study visits were scheduled two weeks after their child’s symptoms
subsided.

Demographic information was obtained via parent report. The racial/ethnic distribution
for the 180 participants who provided this information was as follows: 64.2% of children were
White, 5.6% were Asian, 4.5% were Hispanic/Latino, 1.1% were Native American, 0.6% were
Black/African American, and 24.0% were more than one race/ethnicity. In addition, one

participant declined to answer. Mean total annual household income was $126,498 (SD =
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$56,266), ranging from $12,500 to more than $200,000. Highest parental education level was the
highest education level among the participant’s parents that culminated in the obtainment of a
degree, and was coded as a 6-level ordinal variable for the 178 participants who provided this
information, such that: 0 = less than high school (0.6%), 1 = high school diploma or GED
(7.9%), 2 = two-year or vocational degree (11.3%), 3 = four-year degree (34.5%), 4 = master’s
degree = 4 (29.9%), 5 = doctoral level degree (15.8%). Three participants declined to answer.
Procedure

Participants attended a laboratory visit accompanied by a parent or legal guardian. All
visits occurred in the afternoon, with a start time between the hours of 1:30 pm and 2:30 pm.
After informed consent and assent were obtained from the parent and child respectively, the first
saliva sample was collected (10 minutes after arrival). Saliva samples were collected at 8 time
points, every 20 minutes, for the remainder of the laboratory visit. Participants were randomly
assigned to one of three experimental conditions (see description below). Following recruitment
of 130 participants, careful monitoring of age bins and gender was implemented to ensure that
the three conditions were balanced by gender and have nearly identical age distributions. This
study was approved by the Institutional Review Board of the University of California-Davis and
the State of California Committee for the Protection of Human Subjects.

Trier Social Stress Test — Modified (TSST-M). The TSST-M is a modified version of
the Trier Social Stress Test acute social stressor for adults (Kirschbaum, Pirke, & Hellhammer,
1993). The TSST-M was specifically designed to elicit a mild stress response in children in this
age range (Yim et al., 2010). The TSST-M procedure consisted of the following steps:
participants were told that they had ten minutes to prepare a speech that would be evaluated by

judges and recorded on camera to be later analyzed. For the topic of the speech, participants were
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asked to imagine that they are in a new classroom and a teacher has asked them to introduce
themselves to the class (for details on this protocol, please see Yim et al., 2010). After the ten-
minute preparation period, participants were escorted to a novel room where there were two
judges in white lab coats and a video camera (the judges were research assistants who remained
hidden to participants prior to this point). The video camera was turned on in front of the
participant and once the experimenter left the room, a judge asked the participant to begin their
speech. The participant then engaged in a five-minute speech followed by a five-minute
arithmetic subtraction task. Children were asked to continuously subtract from 758 by 7s and if
they were unable to do that, were asked to subtract from 304 by 3s. Judges refrained from
showing facial affect or providing feedback to the child during the process, aside from informing
them that they had more time if they paused during the speech, and informing them when they
gave an incorrect answer during the arithmetic task. Following the TSST-M or a control task, the
participants completed four EF tasks (described in greater detail below), a donation task
(described in Alen et al., 2021), and additional questionnaires, and provided four subsequent
saliva samples every 20 minutes. At the very end of the laboratory visit, participants and their
parents were debriefed regarding the nature of the TSST-M, explaining why the judges had to
remain neutral. The experimenter assured the child that they did a commendable job on the study
tasks.

Experimental conditions. Participants were randomly assigned to one of three
experimental conditions: alone, parent, and control. Participants in the alone and parent
condition underwent the TSST-M (described above). Participants in the alone condition spent the
10-minute preparatory period alone while participants in the parent condition spent the

preparatory period with their parent, who was instructed to help their child in whichever way felt
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most natural. The participants in the control condition were told that they were in the “calm
comparison group” and that instead of doing the speech, they would talk with the experimenter
about their favorite book or movie and then play a game. They were asked to spend the 10-
minute preparation period with their parent, thinking about their favorite book or movie and
writing down some ideas to discuss. Following this 10-minute period, participants were taken to
a novel room where they engaged in five minutes of friendly conversation about the chosen book
or movie with the experimenter, which would match the speaking demands of the TSST-M but
exclude the elements of social evaluation, as there were no judges present and the conversation
was not video-recorded. Next, to match the cognitive demands of the mental arithmetic
component of the TSST-M, the participants were asked to play a Sudoku game for five minutes;
a game in which participants were asked to fill in the blank spaces of a number puzzle; each row,
column and 3x3 block had to be filled with numbers 1-9 (level played was ‘Easy’). If the
participant was unfamiliar with the game, it was explained to them. Participants were told that
their performance on the Sudoku was not important and were given access to a sheet with hints
and answers on it. The experimenter spent time tidying up the room during this part of the task,
to prevent the participant from feeling watched and evaluated on their performance. Following
the TSST-M or control condition, participants provided a saliva sample with the experimenter
and then began the EF tasks (described below).
Measures

Working memory. Working memory was measured using the Memory for Sentences task
(Sattler, 1988; Thorndike et al., 1986). The Memory for Sentences task involves an experimenter
reciting a sentence for participants to immediately repeat, with sentences increasing in

complexity as the task goes on. The task started with a different sentence depending on the
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child’s age. Participants were acclimated to the task by completing three practice sentences that
were less complex than those for their age-level. Once the child demonstrated understanding of
the task through successful practice trials, the experimenter read the first sentence specified for
the child’s age. If the child incorrectly repeated the first sentences, the experimenter
administered an easier sentence for younger children. The task continued until two consecutive
sentences were repeated incorrectly by the participant. If the child appeared to be struggling, the
experimenter used encouraging words such as, “That was a hard one!” or “That was a great try”,
as words of motivation (Thorndike et al., 1986). To end the task on a positive note, the
experimenter read a few easy sentences in earlier sections prior to moving on to the next task
(Thorndike et al., 1986). Children’s score on this task was recorded as the number of the highest
item administered minus the total number of items failed. Higher scores on this task indicate
better working memory performance.

Cognitive flexibility. Cognitive flexibility was measured using the Trail Making task
(Reitan & Wolfson, 1985). This task consisted of two parts, A and B. In part A, participants were
asked to draw a line to connect numbers 1-25 in ascending order. In part B, participants were
asked to connect numbers and letters (1-13) and (A-L) alternating between numbers and letters
(Reitan & Wolfson, 1985). Following an example from the experimenter, the child’s proceeded
to complete both parts while being timed. The child was advised to not lift up the pen or pencil to
accomplish the task as quickly as possible. If an error was made throughout the process the
experimenter pointed it out and allowed the child to correct it (Reitan & Wilson, 1985). Part A of
the Trail Making Task signifies the participants’ performance on processing speed; part B
signifies the participants cognitive flexibility performance. A ratio was calculated by dividing the

time taken on part B by the time taken on part A. Higher scores indicate poorer cognitive
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flexibility performance. This ratio was positively skewed so the score was transformed with the
log-10 transformation. Lower transformed scores on this task indicate better cognitive flexibility
performance.

Inhibitory control. Inhibitory control was measured using the Day/Night task (Gerstadt et
al., 1994; Lagattuta et al., 2011). This task was posed to participants as an “opposite game”. The
task involved a picture of a moon and a sun, presented to them on a computer screen.
Participants were instructed to say “night” when they saw a sun and “day” when they saw a
moon (Lagattuta et al., 2011). Participants were given the chance to practice 4 trials in random
order before starting the task (Lagattuta et al., 2011). The experimenter ensured that the random
order included at least one consecutive repetition of “day” or “night” to encourage the
development of a prepotent response (e.g., day-day-night; Lagattuta et al., 2011). If a child made
errors during the practice, the experimenter explained the rules and started the practice trials
again until the child got four trials correct in a row (Lagattuta et al., 2011). The experimenter
then started a timer and asked the child to start the task, which consisted of 20 moon and sun
images displayed as a Microsoft PowerPoint slideshow. Upon a child providing a response
(“day” or “night”), the experimenter advanced to the next slide by pressing a button on the
computer. The performance variable on this task was computed as the total number of trials
correct. This score was positively skewed so the score was transformed with the exponential
transformation and Z-scored. Higher transformed scores on this task indicate better inhibitory
control performance.

Emotional inhibitory control. Emotional inhibitory control was measured via the
Happy/Sad task, which uses the same procedure as the Day/Night task but uses emotional stimuli

(i.e., “happy” and “sad” faces instead of moon/sun stimuli). Participants were presented with a
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cartoon portraying happy (smiling) and sad (frowning) faces. Similar to the Day/Night task, they
were instructed to say “sad” when they saw a happy face and to say “happy” when they saw a
sad face (Lagattuta et al., 2011). The addition of the emotional component makes this a measure
of “hot” inhibitory control. The task consisted of 20 happy and sad faces. The emotional
inhibitory control task was coded as the total number of trials correct. This score was positively
skewed so the score was transformed with the exponential transformation and Z-scored. Higher
transformed scores on this task indicate better emotional inhibitory control performance.

EF task coding. The working memory and cognitive flexibility tasks were recorded in
the moment by the experimenter and examined for accuracy using video recordings while the
inhibitory control and emotional inhibitory control tasks were coded using the video recordings.
The video recordings were examined by two research assistants, KW (n = 71) and JU (n = 103).
LD reviewed 10 of each research assistant’s coding for accuracy. Six participants have missing
data due to participant refusal (n = 2) and experimenter error (n = 4).

Respiratory sinus arrhythmia (RSA) change. Respiratory Sinus Arrhythmia (RSA) was
utilized as a marker of parasympathetic activity, where higher RSA reflects greater
parasympathetic modulation of cardiac activity (Laborde, Mosley, & Thayer, 2017). RSA was
collected with a MindWare ambulatory electrocardiogram (ECG; MindWare, Westerville, OH),
using three silver electrodes with a 7% chloride wet gel attached to the child’s chest (1 on the
upper left and 1 on the upper right portion of the chest, and 1 on the lower left ribcage). RSA
data were collected during a resting 5-minute baseline period, and during the TSST-M as part of
a larger ECG data collection procedure. Current analyses focused on the change in RSA from a
baseline period to during the TSST-M. During baseline, participants were instructed to not

engage in any activity, to refrain from speaking to their parent, and to attempt to relax for the
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five-minute duration. During the TSST-M, participants were standing in front of a panel of two
judges and engaging in the speech and math tasks.

Interbeat interval (IBI) data were calculated using an automated algorithm in the
MindWare Biolab acquisition software. A high-frequency band pass filter set at .24 — 1.04 Hz
was used to correspond to the average breathing rate of this age range (Quigley & Stifter, 2006).
Sampling rate was set at 500 Hz. R-peaks were inspected and cleaned for artifacts by trained
researchers using MindWare Heart Rate Variability software. Arrhythmias (e.g., ectopic beats,
sinus pauses) were corrected using the MindWare mid-beat function, which averages the IBI
interval and minimizes the influence of artifacts. RSA was calculated, using a Fast Fourier
transformation algorithm, in 60-second epochs (Berntson et al., 1997). A 60-second epoch was
considered usable when it met two criteria: (1) at least 30-seconds of clean, continuous data were
available, and (2) less than 10% of R-peaks were estimated (e.g., using the mid-beat function).
Manual inspection of peak breathing rate within each 60-second epoch ensured that participant
breathing rate did not fall outside of the high-frequency band pass filter range. RSA during the
individual 60-second epochs were then averaged together, producing a mean baseline RSA value
and a mean TSST-M RSA value. Fourteen participants were missing RSA data for the following
reasons: excessive, un-cleanable noise (n = 2), participant request to remove ECG electrodes (n =
3), participant declining to participate in the task (n = 4), and ECG technical malfunction (n = 5).
This resulted in RSA data being available for: baseline (n = 173), and TSST-M (n = 166). RSA
change was calculated by subtracting RSA during the TSST from RSA at baseline, such that

positive values indicate RSA suppression while negative values indicate RSA augmentation.
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Pre-gjection period (PEP) change. Pre-ejection period (PEP) was utilized as a marker of
sympathetic activity, where longer PEP reflects less SNS modulation of cardiac activity
(Berntson et al., 2004). PEP is the length of time between the electrical depolarization of the left
ventricle and the beginning of ventricular ejection and has been widely used as a non-invasive
index of sympathetic modulation of the heart (Bagley & EI-Sheikh, 2014; Forouzanfar et al.,
2018), and has been previously validated using pharmacological blockade (Berntson et al., 1994;
Cacioppo et al., 1994; Mezzacappa et al., 1999; Schéchinger et al., 2001; Winzer et al., 1999).

PEP was calculated from cardiac impedance data measured concurrently to ECG data
collection using a MindWare ambulatory device (MindWare, Westerville, OH). Four silver
electrodes with a 7% chloride wet gel were attached to the child’s chest and back in standard
configuration (Sherwood et al., 1990), including two on the chest (one at the top of the sternum
and one at the xiphisternal junction) and two on the back (one over the C4 vertebrae and one
over the thoracic spine). The impedance signal was used to derive dZ/dt, the first derivative of
the change in thoracic impedance. PEP was defined as the amount of time in milliseconds
between the Q-wave of the ECG signal and B-notch of the dZ/dt signal (Berntson et al., 2004).
For the identification of the B-notch we employed a two-stage approach recommended by
Lozano and colleagues (2007). When impedance data provided a clear signal with a visible B-
notch, an algorithm was utilized that identified the B-notch as the peak of the second derivative
of the dZ/dt; when impedance data did not provide a clear visible B-notch, the B-notch was
estimated using a percentage of the R-peak to Z-peak interval (RZ interval) in milliseconds plus
a constant, set at 4 milliseconds: B-notch = 0.55*RZ interval + 4 (Lozano et a., 2007). Due to the
small percentage of participants that showed a clear visible B-notch (<3%), all PEP values were

calculated using the second method for consistency. Current analyses focused on the change in
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PEP from a baseline period to during the TSSST-M. Twenty-nine participants were missing PEP
data for the following reasons: excessive, un-cleanable noise (n = 9), signal error (n = 8),
participant request to remove ECG electrodes (n = 3), participant declining to participate in the
task (n = 4), and ECG technical malfunction (n = 5). This resulted in PEP data being available
for: baseline (n = 158), and TSST-M (n = 151). PEP change was calculated by subtracting PEP
during the TSST from PEP at baseline, such that positive values indicate PEP shortening while
negative values indicate PEP lengthening.

Cortisol reactivity. Saliva samples were collected via the passive drool method every 20
minutes beginning 10 minutes after arrival at the laboratory until 60 minutes after the end of the
TSST-M, for a total of eight samples (10, 30, 50, 70, 90, 110, 130, and 150 minutes from
arrival). Saliva was stored in micro centrifuge tubes in a secure —80°C freezer until being
shipped for assay. Samples were assayed at the Salimetrics’ SalivaLab (Carlsbad, CA) using the
Salimetrics Salivary Cortisol Assay Kit (Cat. No. 1-3002), without modifications to the
manufacturer’s protocol. Samples were assayed in duplicate and averaged. Intra-assay coefficient
of variation (CV) was excellent (4.6%), as was the inter-assay CV (6%). Complete salivary
cortisol data were available for 179 participants, as one participant ended the study visit after
completing the second saliva sample and another did not provide any cortisol samples.

In the present study, cortisol reactivity was indexed by change in cortisol from Sample 4
(taken directly before administration of the TSST-M or control condition) to Sample 6 (taken 20
minutes following the TSST-M or control condition). Sample 4 included three outliers (above 4
SD from the mean); Sample 6 included two outliers. Outliers were winsorized to the highest
value within 4 SD from the mean. After winsorizing, all cortisol values were log-transformed to

correct for positive skew. Cortisol reactivity was then calculated by subtracting Sample 4 from
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Sample 6, such that higher values represent greater increases in salivary cortisol from Sample 4
to Sample 6.

Behavioral and emotional problems (CBCL Total). Child behavioral and emotional
problems were measured via parent-report, using the Child Behavior Checklist for 6-18-year-
olds (CBCL,; Achenbach & Rescorla, 2001). The CBCL includes items that may reflect a
behavioral or emotional problem in children (“Unhappy, sad, or depressed”, “Gets in many
fights™), which parents rate from 0 to 2 (0 = not true, 1 = somewhat or sometimes true, or 2 =
very true or often true). Items are then counted and summarized into subscales
(Anxious/depressed, withdrawn/depressed, somatic complaints, social problems, thought
problems, attention problems, rule-breaking behavior, aggressive behavior, other problems),
which are then computed into 3 final scales: Internalizing, Externalizing, and Total Problems
Score (Achenbach, 2019). The present study used the Total Problems score, which captures the
eight subscales described. The CBCL has been administered across multiple samples in various
cultures (Achenbach, 2019), and features clinical cut-offs and ranges for each of the subscales as
well as the Total Score. In our study population (ages 9-11 years old), total scores above 49 are
deemed clinically significant and scores between 39-48 fall in the “borderline clinical range”.
This variable was positively skewed and had possible values of zero so the score was reflected
and transformed with the square root transformation to normalize its distribution.

Data Analysis

Statistical analyses were conducted using SPSS version 27. Due to the small amount of

missingness (less than 5% on primary variables), listwise deletion was used. As a manipulation

check to assess whether the TSST-M activated a stress response, an analysis of variance
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(ANOVA) with condition as a fixed effect and cortisol reactivity as the dependent variable was
conducted.

To test our first and second hypotheses that there are differences in EF performance by
condition, a multivariate analysis of covariance (MANCOVA) with condition as a fixed effect,
controlling for participant age and sex (multivariate analyses of variance without covariates are
also presented) was conducted. To test our exploratory hypotheses that child characteristics may
moderate the effect of condition on EF performance, a series of regressions was conducted. First,
the moderating effects of RSA change on performance on each EF task were examined by
conducting a series of regressions with condition, RSA change, the interaction between condition
and RSA change, baseline RSA, age, and sex. Second, the moderating effects of PEP change on
performance on each EF task were examined by conducting a series of regressions with
condition, PEP change, the interaction between condition and PEP change, baseline PEP, age,
and sex. Third, the moderating effects of cortisol reactivity were examined by conducting a
series of regressions with condition, cortisol reactivity, the interaction between condition and
cortisol reactivity, baseline cortisol, age, and sex. Lastly, the moderating effects of child
emotional and behavioral problems on performance on each EF task were examined by
conducting a series of regressions with condition, child emotional and behavioral problems, the
interaction between condition and child emotional and behavioral problems, age, and sex. A
Bonferroni correction of p <.0125 was used for multiple comparisons.

Results

Descriptive statistics for main study variables and bivariate correlations in the full sample

controlling for condition appear in Table 2.1. There was a significant correlation between sex

and RSA baseline (r = .244, p = .017), PEP change (r = -.204, p = .047), and cortisol reactivity (r
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=-.247, p = .012), such that male participants had higher RSA at baseline, less PEP shortening in
response to the TSST (i.e., less increase in sympathetic activity), and lower cortisol reactivity
than female participants. There was also a significant correlation between child age and
performance on cognitive flexibility (r = -.222, p = .030), such that older children performed
better on this task. PEP change and emotional inhibitory control performance were significantly
correlated (r = .229, p = .026), such that children who exhibited PEP shortening during the TSST
performed better on this emotional inhibitory control task. Lastly, all three physiological
reactivity measures were significantly correlated with its respective baseline measure. Baseline
RSA was significantly correlated with RSA change (r =.377, p <.001), such that children with
higher baseline exhibited more RSA suppression. Baseline PEP was significantly correlated with
PEP change (r = .496, p <.001), such that children with higher baseline PEP exhibited more PEP
shortening. Baseline cortisol was significantly and inversely correlated with cortisol reactivity (r
=-.330, p =.001), such that children with higher baseline cortisol exhibited lower cortisol

reactivity.
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Table 2.1. Sample Characteristics and Correlations Between the Major Variables

Variable n Mean Range 1. 2. 3. 4. 5. 6. 7. 8. 9 10 11. 12 13. 14.
(SD)

1. Memory for 174 24.48 16 - 36 -

Sentences (3.61)

2. Trail Making 174 .37 -09-.88 -121 -

Test Ratio (.14)

3. Day/Night 174 .00 -1.72 - .092 -112 -

Task (2.000 .90

4. Happy/Sad 174 .00 -1.15- .059 -.154 200 -

Task (12.00) 1.49

5. RSA Baseline 173 6.33 3.24 - .003 -.035 .028 -033 -
(1.23) 9.58

6. RSA Change 166 .96 -1.01- -.051 075 101 -135 377
(.87) 3.44

7. PEP Baseline 159 79.74 42.67 - -.077 -.093 -045 .096  .050 -047 -
(10.06) 106.80

8. PEP Change 148 .93 -28.03 — -.09 .082 -004 .229* -.065 -116  .496** -
(7.51) 25.20

9. Cortisol 179 -1.09 -1.62 —- 111 -.082 022 .087 -.046 -071 126 -114 -

Baseline (.24) .39

10. Cortisol 179 .10 -46 — .085 -.007 .03 -076 -.082 -.060 .050 .185 -.330**

Reactivity (-29) 1.06

11.CBCL Total 120 19.57 0-120 .093 041 -005 -.001 .096 -031 .075 137 .079 -.055 -
(16.84)

12. Parental 177 .10 0-5 155 -.091 015  -145 .040 -004 .102 .032 140 -.015 129 -

Education (-29)

13. Child Age 180 9.91 9.03 - 149 -222* -036 -.014 .189 111 -.027 -.097 .087 -.149 -005 -051 -
(.56) 11.10

14. Child Sex 201 -.026 -104 -040 .244* -006 -.015 -.204* 170 -274** 182 -030 .080 -

Male: 91

(50.6%)

Female: 89

(49.4%)

Note: *p < .05, **p <.01. All correlations reported are partial correlations partialing out participant condition assignment.
Correlations between sex with other variables are Spearman correlations.



Analyses of variance revealed that there was a significant main effect of condition on
both cortisol reactivity, F(2, 176) = 19.135, p < .001, and RSA change, F(2, 163) = 22.10, p <
.001, but not PEP change (p = .427). Post hoc comparisons using Bonferroni correction indicated
a significantly higher cortisol reactivity in the alone condition (M = .17, SE = .03) compared to
the control condition (M = -.06, SE = .03, p <.001), and higher reactivity in the parent condition
(M =.21, SE = .03) compared to the control condition (p <.001). Similarly, post hoc
comparisons using Bonferroni correction indicated a significantly greater RSA suppression in the
alone condition (M =1.25, SE = .11) compared to the control condition (M = .43, SE = .10, p <
.001), and greater RSA suppression in the parent condition (M = 1.27, SE =.11) compared to the
control condition (p <.001). However, there was not a significant difference between cortisol
reactivity or RSA change between the parent and alone condition. There were no condition
effects on PEP change (p = .427). This indicates that although the alone and parent condition did
not differ in cortisol reactivity or RSA change, the TSST-M was indeed successful in eliciting a
stress response from participants who experienced it.

To test our first and second hypotheses, we tested whether there were significant main
effects of experimental condition. There was not a statistically significant difference in
performance on the four EF measures based on condition, F(8, 326) = 1.02, p = .418, Wilks A =
.95 (see Figure 2.1). When adding in age and participant sex as covariates, there was not an
effect of condition, F(8, 322) = 1.01, p = .430, Wilks A = .95, gender, F(4, 161) = .88, p = .481,

Wilks A = .98, or age, F(4, 161) = .80, p = .465, Wilks 1 = .98.
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Figure 2.1. Performance on the Four Executive Function Tasks by Condition
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*Note: These graphs show log-transformed values on the Trail Making Test ratio and Z-scored
exponential transformed values on the Day/Night and Happy/Sad tasks.

To test our three exploratory aims, we tested whether there were significant interactions
between the condition that participants experienced (alone, parental support, or control
condition) and four individual difference factors: RSA change, PEP change, child CBCL scores
(i.e., behavioral and emotional problems), and cortisol reactivity, on children’s performance on

the four EF tasks.
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Respiratory sinus arrhythmia (RSA) change. There was not a significant main effect of
RSA change nor an interaction between condition and RSA change on performance on the
working memory or cognitive flexibility tasks (ps > .05). However, there was a significant
association of RSA change with performance on the inhibitory control task on average, B = -
434, p =.020, such that participants who exhibited more RSA suppression performed worse on
the task later. There was also a significant interaction between condition and RSA change. RSA
change significantly interacted with both assignment to the parent condition, B = .351, p = .015,
as well as assignment to the alone condition, B = .365, p =.003 (see Table 2.2), relative to the
control condition. However, when the Bonferroni correction was applied using a cutoff of p <
.0125, only the interaction between assignment to the alone condition and RSA change remained
statistically significant. Simple slopes analyses showed that the unstandardized simple slope for
participants one SD below the mean of RSA change was -.69, p = .03, the unstandardized slope
for participants with a mean level of RSA change was .08, p = .74, and the unstandardized
simple slope for participants one SD above the mean of RSA change was .84, p = .03 (see Figure
2.2), indicating that, opposite to the pattern observed in the control group, children in the alone
group who showed higher levels of RSA suppression exhibited better performance on the
inhibitory control task in comparison to those who showed average RSA change or RSA

augmentation.
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Table 2.2. Moderating Effects of RSA Change on Inhibitory Control Performance

Effect Estimate SE Standardized 95% CI p
Beta
LL UL

Intercept -1.523 1.393 -4.275 1.229 276
Alone .059 232 .027 -.399 517 .800
Parent -.102 232 -.048 -.560 355 .659
RSA Baseline -.037 073 -.043 -.181 .108 .617
RSA Change -.500 213 -.434 -.920 -.080 .020~*
Alone * RSA Change 877 .288 .365 .309 1.445 .003*
Parent * RSA Change .629 .255 351 125 1.133 .015*
Age 172 135 .100 -.094 438 .203
Sex -.184 158 -.092 -.497 129 247
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Figure 2.2. Moderation of the Stress-EF Relation by RSA Change. Note: higher Day/Night score

indicates better task performance.
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There was a significant association of RSA change with performance on the emotional
inhibitory control task, B = -.446, p = .018, such that participants who exhibited more RSA
suppression performed worse on the task on average. However, when the Bonferroni correction
was applied using a cutoff of p <.0125, this effect was no longer statistically significant.

Pre-ejection period (PEP) change. There was not a significant main effect of PEP
change nor an interaction between condition and PEP change on performance on the working
memory, cognitive flexibility, inhibitory control, or emotional inhibitory control tasks (ps > .05).

Cortisol reactivity. There was not a significant main effect of cortisol reactivity nor an
interaction between condition and cortisol reactivity on working memory, cognitive flexibility,
inhibitory control, or emotional inhibitory control task performance (ps > .05).

Child emotional and behavioral problems (CBCL). There was not a significant main
effect of CBCL nor an interaction between condition and CBCL on working memory, cognitive
flexibility, or inhibitory control task performance (ps > .05). There was a significant interaction
between assignment to the parent condition and CBCL, B = .211, p = .045. However, when the
Bonferroni correction was applied using a cutoff of p <.0125, this finding was not statistically
significant.

Discussion

The three aims of this experimental study were to test the effect of an acute stressor on
EF performance, to examine whether social buffering from parents would “rescue” any effects of
the stressor on EF performance, and to assess the role of four potential moderators of these
relations: RSA reactivity, SNS reactivity, cortisol reactivity, and child behavioral and emotional
problems. EF is essential to important life outcomes such as peer relations (Holmes et al., 2016;

Nakamichi, 2017) and academic performance (Cortés Pascual et al., 2019; Wang & Zhou, 2020).
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The importance of EF for these significant outcomes makes it imperative that the factors that
influence EF, such as stress, are understood. However, the current literature on the relation
between acute stressors and EF in childhood is sparse, with only four studies to date examining
this relation (de Veld et al., 2014; Miicke et al., 2020; Quesada et al., 2012; Tsai et al., 2021).
The current study is the first to test the relation between acute stress and all of the main facets of
EF in children, to our knowledge. In addition, this is the first study to test the potential for social
buffering as a protective factor in the relation between acute stress and EF.
The Effect of Acute Stress on EF Performance

Surprisingly, for our first aim, we did not find condition effects of acute stress exposure
on EF performance. Children who experienced the TSST-M did not differ in their performance
on any of the EF tasks in comparison to children in the control condition. This was despite the
finding that the TSST-M elicited a significant stress response in children who experienced it.
This result is consistent with two prior studies of the effect of acute stress on working memory
(Quesada et al., 2012) and inhibitory control (Micke et al., 2020) in children and adolescents,
but in contrast to another study of the effect on working memory (de Veld et al., 2014). It is also
in contrast to findings from Shields et al. (2016a)’s meta-analysis on the effects of acute stress on
EF in adults and two meta-analyses on the effects of chronic stress on EF in children (Lawson et
al., 2018; Op den Kelder et al., 2018). Additionally, there were not significant main effects of
age or participant sex. This is consistent with prior literature that found no sex differences in
working memory tasks in children (de Veld et al., 2014; Quesada et al., 2012), but in contrast to
age effects found in children’s working memory performance under stress (de Veld et al., 2014;

Tsai et al., 2021).
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The results of this study and prior studies of acute stress in children indicate that although
there is a robust pattern of impaired EF after acute stress in adults and for chronic stressors in
children, this pattern was not observed in this sample of children after an acute stressor. There
are a few potential reasons for this. First, it is possible that the lack of acute stress effects in
childhood despite robust patterns in adulthood is due to unique features of this developmental
period. Adolescence is a time of active neurodevelopmental change (reviewed in Guyer et al.,
2018; Larsen & Luna, 2018; Perlman et al., 2007), particularly in brain areas that are important
for EF, such as the PFC. This may indicate that there is a shift in the way that stress impacts EF
in the transition from childhood to adolescence, such that prolonged exposure is needed to have
an effect, rather than an acute exposure. Second, it is possible that there were aspects of the
procedure, such as the timing of EF assessments, that may have impacted the ability to find a
significant effect of acute stress on EF performance. Shields and colleagues (2016a) found in
their meta-analysis that for working memory, if the delay between the stressor and the task was
longer, the working memory impairment was stronger. In the current study, the EF tasks took
place immediately after the TSST-M, which mirrors the procedure in the study by Quesada and
colleagues (2012), which also found no acute stress effects on working memory. It is possible
that this lack of delay weakened our ability to see the effects of the TSST-M on EF performance,
if the effects of acute stress on aspects of EF occur after a certain time period post-stressor.
Lastly, emerging research with adults found differential effects of stress on EF performance in
adults based on differential catechol-O-methyltransferase (COMT) genotypes in the PFC
(Zareyan et al., 2021). Therefore, it is possible that there are genetic factors that influence

individuals’ response to stressors, such that some experience decreases and others increases in
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EF performance under stress. These individual differences would be masked by group averages.
The role of genetics should be examined in future research with children.
The Role of Parent Support

Additionally, for our second aim, there was no effect of parental social buffering, as there
was not a difference in performance between children in the parent condition, alone condition, or
the control condition on any of the tasks. While this is the first study to examine this relation, this
is in contrast to studies that have found relations between both parental support and positive
parenting and child EF (e.g., Moilanen et al., 2010; Rocksam et al., 2014; Vandenbroucke et al.,
2017). Interestingly, children in the parent condition exhibited a stress response that did not
significantly differ from children in the alone condition, both of which were higher than children
in the control condition. In previous work from this same study, there was a significant
interaction between the effect of condition and highest parental education level, such that
children whose parents had less than a 4-year college degree exhibited a buffered profile and
children whose parents had a 4-year college degree or higher exhibited higher cortisol reactivity
(Parenteau et al., 2021). The authors speculated that this finding may be due to different kinds of
support given by parents based on their education status. In order to double-check the pattern of
results here, a correlation between parent education and the four EF measures within the parent
condition was conducted, but there were no significant relations. The lack of an effect of acute
stress on EF likely diminished our ability to find an effect of parental social buffering.

Just as it may be possible that exposure to a more prolonged stressor is necessary to see
an impact of stress on EF in children, it may be possible that more prolonged exposure is
necessary to see the impact of parental social buffering. It is also possible that there are specific

parental behaviors that could be particularly helpful to children who are experiencing a stressor.
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A meta-analysis by Valcan and colleagues (2020) found that both positive parenting behaviors,
like warmth and responsiveness, and cognitive parenting behaviors, like scaffolding and
autonomy support, were positively correlated with EF performance. Future research should
examine the role of specific parenting behaviors in buffering children from the effects of stress
on EF.
Moderators of the Relation Between Acute Stress and EF

For our third aim, we assessed the role of three potential moderators of these relations:
RSA reactivity, cortisol reactivity, and child behavioral and emotional problems. Interestingly,
while RSA reactivity was a significant moderator of the relation between condition and
inhibitory control performance, it was not a significant moderator for the other EF tasks.
Children in the alone condition who had higher levels of RSA suppression performed better on
the task than children who had average levels of RSA change or low levels of RSA change,
opposite to the pattern observed in the control condition. A similar pattern was present for
children in the parent condition, but this finding did not survive correction for multiple
comparisons, indicating that this was a weak effect. Additionally, there was an association of
RSA change with performance on both inhibitory control and emotional inhibitory control tasks,
such that more RSA suppression was related to worse task performance. However, these did not
survive correction for multiple comparisons, again indicating that these were weak effects. RSA
change as a moderator in the relation between acute stress and inhibitory control performance is
consistent with the sole prior study of this relation, which was conducted with adults (Roos et al.,
2017a). This finding indicates that children who recruit the PNS to cope with threat, while
experiencing a threat, show a level of arousal that allows them to flexibly respond to the stressor,

leading to better performance on the subsequent inhibitory control task. It is interesting that this
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interaction pattern was also present for the “hot” emotional inhibitory control task, although not
statistically significant. These findings may indicate that the PNS is more strongly involved in
cool inhibitory control, rather than hot, and may not play as large of a role in working memory
and cognitive flexibility. Future research needs to replicate these findings, as this is the first
study to examine these effects in children and the first to examine the role of the PNS in hot
inhibitory control, working memory, and cognitive flexibility performance.

PEP reactivity was not a significant moderator of the relation between condition and
working memory, cognitive flexibility, inhibitory control, or emotional inhibitory control
performance. The two studies that have examined the role of SNS reactivity in the stress-EF
relation have focused on working memory and found conflicting results. De Veld and colleagues
(2014) found no association between SNS reactivity to the TSST and working memory
performance. Tsai and colleagues (2021) examined different processes involved in working
memory performance on the n-back task, purely working memory, as indexed by accuracy, and
inhibitory control, as indexed by false alarms. They found that higher SNS reactivity predicted
better accuracy (working memory), while arousal driven by either the SNS or HPA axis, but not
both, was related to fewer false alarms (inhibitory control) on the n-back task (Tsai et al., 2021).
Given the differing effects found in previous work, the role of the SNS in the stress-EF relation
should be examined further in future work.

Interestingly, there were no significant associations of cortisol reactivity nor interactions
between cortisol reactivity and TSST-M condition on performance on any of the EF tasks. The
finding that cortisol reactivity was not a significant moderator of the relation between acute
stress and EF task performance adds to the mixed literature on this relation and is consistent with

other studies in adults that found no effect of cortisol (e.g., Human et al., 2018; Shields et al.,
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2016b). It is possible that cortisol is one of many biological mechanisms that work together to
exert effects on EF (e.g., Tsai et al., 2021), and future research should examine these biological
mechanisms in concert to assess this potential explanation. Alternatively, the effects of
glucocorticoids could take longer to manifest, and assessing the EF tasks immediately after the
stressors may fail to reveal an effect of cortisol reactivity.

While there were not significant main effects of child emotional and behavioral problems
nor interactions between these problems and TSST-M condition on working memory, cognitive
flexibility, or inhibitory control task performance, there was a significant interaction between
assignment to the parent condition and child emotional and behavioral problems on emotional
inhibitory control. This finding did not survive correction for multiple comparisons, indicating
that this was a weak effect. The finding that child emotional and behavioral problems were not a
significant moderator or were a weak moderator of the stress-EF association is in contrast to
prior literature, which has found that children who have both internalizing (e.g., Mullin et al.,
2018; Wang & Zhou, 2020), and externalizing (e.g., Mullin et al., 2018; Schoemaker et al., 2013)
problems exhibit worse EF in comparison to children who do not. Our sample was a low-risk
sample, which may have limited our ability to assess this relation. Thus, we did not find
significant associations of EF tasks with CBCL scores, or a moderating role for CBCL scores in
the stress condition-EF links. The vast majority of parents in the current study reported that their
children had low levels of behavioral and emotional problems and there was a low level of
variability in the sample. Future research should examine this potential moderator in a higher-
risk sample.

Limitations, Strengths, and Conclusions
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This study was not without limitations. First, there were characteristics of our EF
measures that may have limited our ability to detect condition differences in EF performance.
There was evidence of ceiling effects on both the Day/Night and Happy/Sad tasks. The mean
performance on both tasks was near perfect on both tasks, which may indicate that these tasks
were not sufficiently difficult for participants, limiting our ability to detect differences based on
stressor exposure for these tasks. The cognitive flexibility and working memory tasks, however,
did not show ceiling effects, and had broader variability in performance. Future research should
replicate these results with other tasks that index inhibitory control, emotional inhibitory control,
and working memory. Second, participants in this study were largely White and of relatively
high socioeconomic status. While this sample is representative of the local community
population, it is possible that the findings in this study may not generalize to other geographical
regions and communities. Future research should endeavor to replicate these findings with a
nationally representative sample. Lastly, this sample was relatively low-risk. This may have
limited our ability to detect the effects of stress on EF, as well as assess the role of the three
moderators. Despite these limitations, this study has several strengths. First, this is the first study
to date to examine the effects of acute stress and parental social buffering on multiple core facets
of EF in children. The examination of both “hot” and “cool” inhibitory control also contributes
novel information.

In conclusion, this experimental study did not find evidence that acute stress exposure or
parental social buffering impacts EF performance in 9-11-year-old children. Interestingly, we
found evidence that RSA reactivity moderated the impact of stressor condition on inhibitory
control performance, indicating that children who recruit the PNS during challenge are showing

a flexible, potentially adaptive physiological response, such that they are better able to respond to
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the stressor, leading to better inhibitory control performance. Importantly, we observed these
results in healthy, low-risk children under conditions of relatively mild, social-evaluative
challenge. Considering the importance of EF to both short- and long-term outcomes for

individuals, a fuller understanding of how and when stress can impact EF is of great value.
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CHAPTER 3

STUDY 3: APILOT STUDY EXAMINING FINANCIAL STRESS DURING COVID-19 AND

EXECUTIVE FUNCTION AND MENTAL HEALTH IN PARENTS AND CHILDREN

The COVID-19 pandemic has been an ongoing, unprecedented, worldwide crisis,

characterized by a staggering death toll, long lockdowns, and financial shocks. In the United
States, unemployment has exceeded rates seen during the Great Depression (U.S. Bureau of
Labor Statistics, 2020), and many families who remained employed are working fewer hours
than before the pandemic. This kind of economic shock is unprecedented, and previous research
indicates that the financial and other impacts of the pandemic may be far-reaching and serious.
Previous research on similar stressors like natural disasters, although scarce, indicates that
experiencing these disasters is linked to worse cognitive performance (Gomez & Yoshikawa,
2017; Pfefferbaum et al., 2016). Related work on the relation between socioeconomic status
(SES) and cognitive functions such as executive function (EF) indicates that SES is consistently
linked to EF performance, such that children and adults who live in lower SES households
exhibit worse executive function performance (Deer et al., 2020; Hackman et al., 2015; Last et
al., 2018; Lawson et al., 2018; Micalizzi et al., 2019; St John et al., 2019). This is important, as
EF is critical for many outcomes such as mental and physical health, academic performance,
marital harmony, and involvement in the justice system (Diamond, 2013).

The importance of cognitive processes like EF to these outcomes makes it vital to
understand how COVID-19-related stressors, such as financial shocks, may impact EF. The
Family Stress Model (Conger et al., 2010) posits that fluctuations in economic conditions such as
income loss, unstable work, and job loss, among others, are highly stressful, as the parents have

to worry about finding new employment, paying bills, and other necessities to ensure that their
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family stays afloat. This increase in stress can increase marital and child-parent conflict, inhibit
parents’ emotional warmth, lower their parenting skills, self-regulation, and resources, and
possibly increase erratic or disengaged behavior by the parents (Conger et al., 2010). This mix of
heightened family conflict and lowered parental skills and resources can lead to poorer health,
achievement, and adjustment for the children in the family (reviewed in Masarik & Conger,
2017).
COVID-19 and Executive Function

To our knowledge, no studies have directly assessed the relation between economic stress
during COVID-19 and executive function in a family context. However, there is a small
literature that assesses this relation between COVID-19-related economic stress and self-reported
executive function in adults (Fiorenzato et al., 2021; Kira et al., 2021a; b). Kira and colleagues
(2021a) found that among Turkish adults, COVID-19-related stressors, such as economic shocks,
fear of infection, and isolation, predicted self-reported deficits in working memory performance,
but not inhibitory control. Another study from Kira and colleagues (2021a) found that among
adults from 11 Middle Eastern countries, economic stress due to COVID-19 was related to worse
self-reported working memory but not inhibitory control. Similarly, Fiorenzato and colleagues
(2021) found that Italian adults who reported being underemployed during lockdown also
reported worse global executive function. Although the relation between COVID-19-related
economic stress and executive function has not been examined in children, one study of Spanish
children and adolescents (6-18 years old) found that their participants, who were experiencing a

lockdown, had worse parent-reported EF than samples not under lockdown (Lavigne-Cervan et
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al., 2021). This extant literature points to the potential for COVID-19-related economic shocks,
such as parental job loss, to have an impact on child and parent executive function.
COVID-19 and Mental Health

Along with changes in executive functioning, the COVID-19 pandemic and related
economic changes may impact the mental health of parents and children. Some of the same
processes that operate in the family to impact self-regulatory processes like EF may also impact
the mental health of family members. Indeed, changes in mental health have been noted
throughout the pandemic. Research from countries such as China, Italy, Spain, Turkey, and the
United States have documented significant increases in anxiety and depression symptoms and
diagnoses during the COVID-19 pandemic (Cao et al., 2020; Fiorenzato et al., 2021; Holman et
al., 2020; Kira et al., 2021a; 2021b; Lavigne-Cervan et al., 2021; Patrick et al., 2020; Wang et
al., 2020). Although this increase in mental health disorders is likely due to multiple causes,
economic stress has been identified as one potential factor. Kira and colleagues (2021a; b) found
that among other COVID-19-related stressors, economic stress predicted anxiety and depression
symptoms in adults. Another study of children living in China found socioeconomic inequities in
child mental health during COVID-19 (Li et al., 2021). They found that children (3-11 years old)
who lived in provinces with lower gross domestic product per capita and children whose parents
had lower levels of education exhibited worse mental health than children from higher SES

locations and families (Li et al., 2021). This is in line with research prior to the COVID-19
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pandemic, which found that lower socioeconomic status in both childhood (Peverill et al., 2021)
and adulthood (Hoebel et al., 2017) was linked to poorer mental health.
The Present Study

The present study aimed to examine the association between COVID-19-related financial
stress and both child and parent executive function performance, as well as to test the relation
between financial stress and the mental health of both parents and children. This study is the first
to use task-based executive function measures in examining these relations specific to the
COVID-19 pandemic. This is important, as task-based and self-report measures may tap into
different aspects of behavior (reviewed in Friedman & Banich, 2019). Additionally, as families’
experiences during the pandemic are heterogeneous, the present study assessed two measures of
economic shock: parental job loss, and family financial stress.

We aimed to examine the following four hypotheses: (1) parental job loss due to the
COVID-19 pandemic would be related to poorer executive function performance in both parents
and children; (2) family financial stress due to the COVID-19 pandemic would be related to
poorer executive function performance in both parents and children, (3) parental job loss due to
the COVID-19 pandemic would be related to poorer mental health in both parents and children;
and (4) family financial stress due to the COVID-19 pandemic would be related to poorer child
and parent mental health.

Methods
Participants
Participants included 83 children, aged 9-17 years old and their parents residing in the
state of California. Participants were recruited from both a previous, ongoing study assessing the

impacts of COVID-19 on parenting (n = 31) and Facebook advertisements (n = 52). Sample
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demographic information can be found in Table 3.1. Participating youth were 9-17 years old (M
= 13.01 years, SD = 2.27 years; 51.2% male and 48.8% female at birth; current gender
identification: 52.4% male, 37.8% female, 6.1% non-binary, 2.4% transgender, and 1.2% other
identification). Participating parents were 33-57 years old (M = 43.26 years, SD = 5.07 years;
2.4% male and 97.6% female). Participants were screened to participate via email with a parent.
Inclusion criteria included both the parent and child having normal or corrected to normal vision,
both the parent and child being fluent in English, and both the parent and child living in
California.

Demographic information was obtained via parent and child reports. For race/ethnicity,
56.6% of children were White, 3.6% were Asian, 3.6% were Hispanic/Latino, 1.2% were Native
Hawaiian or other Pacific Islander, 1.2% were Black/African American, and 33.7% were more
than one race/ethnicity. For parent race/ethnicity, 72.3% were White, 12.0% were Asian, 1.2%
were Hispanic/Latino, and 14.5% were more than one race/ethnicity. Mean total annual
household income was $129,479.61 (SD = $55,068.55), ranging from $2,500 to more than
$200,000. The highest parental education level was the highest education level among the
participant’s parents that culminated in the obtainment of a degree and was coded as a 6-level
ordinal variable such that: 0 = less than high school (0%), 1 = high school diploma or GED
(3.7%), 2 = two-year or vocational degree (8.5%), 3 = four-year degree (29.3%), 4 = master’s

degree = 4 (36.5%), and 5 = doctoral-level degree (22.0%). Of the 83 families who participated
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in the study, 62.2% experienced no parental job loss or wage loss, while 37.8% experienced at
least one parent losing their job or wages due to the COVID-19 pandemic.
Procedure

Participants completed all tasks and questionnaires online via the online platforms Gorilla

(www.gorilla.sc; Anwyl-Irvine et al., 2019) and Qualtrics (Qualtrics, Provo, UT) between April

25t 2021, and June 1%, 2021. Parents and children were instructed to first each complete the
three executive function tasks (described below) on the Gorilla platform. The Gorilla platform is
an online graphical experiment builder where there are a number of prebuilt tasks that can be
used to assess a number of different psychological constructs. Recent research has found that
across a number of different computer operating systems and browsers, Gorilla provides good
accuracy and precision for the duration of display and manual response time (Anwyl-Irvine et al.,
2020). On Gorilla, participants were first asked to complete a bot check task to assure us that
bots were not completing the study. They then started the tasks. Each participant first completed
the inhibitory control tasks, then the cognitive flexibility tasks, and lastly the working memory
task. Following the executive function tasks, participants then each completed a set of
questionnaires on the Qualtrics platform (described below). This study was approved by the
Institutional Review Board of the University of California-Davis.
Measures

Inhibitory control. Inhibitory control for both parents and children was measured using
the Eriksen Flanker task (Eriksen & Eriksen, 1974) implemented online via the Gorilla platform.
In this task, participants are shown a target stimulus surrounded by non-target stimuli and are
asked to indicate the direction that the target stimulus is pointing. Incongruent trials require

participants to inhibit responding to the non-target stimuli and instead only respond to the target
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stimulus. In this version of the task, the stimuli are five fish in a row (Christ et al., 2011). This
task has been used with both children 3-15 years of age (Zelazo et al., 2013) and with adults
(Zelazo et al., 2014). Participants are shown either congruent trials, where the non-target fish
point in the same direction as the target fish, or incongruent trials, where the non-target fish point
in a different direction than the target fish, and are asked to indicate the direction of the target
fish. To indicate their identification of the direction of the target fish, participants were asked to
press a corresponding key on their keyboard. Participants were shown the instructions with an
example of the stimulus they might see with instructions for which button to push based on the
direction the target fish was facing. For each trial, participants first saw a fixation cross for either
400, 800, or 1200 ms (random by trial), followed by the line of fish. When the participant saw
the fish, they indicated the direction of the fish and received feedback on whether this was
correct, which was visible for 500 ms before moving on to the next trial. If participants had not
given a response 1600 ms after the fish were presented, the words “Too slow” appeared on the
screen, but they were still allowed to give a response. After receiving instructions, participants
were given an opportunity to practice the task for 20 trials. They were then reminded of the
instructions once more before the task began. The task consisted of 60 trials of equal number of
congruent and incongruent trials, presented in a randomized order. Average accuracy and
reaction time (ms) on the congruent and incongruent trials were calculated. In line with prior
work (Federico et al., 2016), the difference in accuracy between incongruent and congruent trials
was calculated (incongruent accuracy — congruent accuracy). Similarly, the difference in reaction

time between incongruent and congruent trials was calculated (incongruent RT — congruent RT).
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For accuracy, higher scores indicate better inhibitory control performance, while for reaction
time scores higher scores indicate worse inhibitory control.

Cognitive flexibility. Cognitive flexibility was measured using the Cued Task Switching
task (reviewed in Monsell, 2003) in both parents and children. Similar paradigms have been used
with children 8-16 years of age and with adults (e.g., Zheng & Church, 2021). In this task,
participants are asked to follow different rules (color rule or shape rule) that switch frequently. In
this version of the task, participants are asked to either identify the color (green or blue) or the
shape (square or rectangle) of the object that they are being shown and they are told which rule
they should use to identify the object. To indicate their identification of the object, participants
were asked to press a corresponding key on their keyboard. Participants were shown the
instructions and then were shown an example of the stimulus they might see (e.g., a blue
rectangle) with instructions for which button to push based on the rule that they had been told to
follow for that trial. For each trial, participants first saw a fixation cross and the rule to follow for
the coming trial for 250 ms, and then the stimulus. When they saw the stimulus, they indicated
the identification of the object based on the rule for the trial and received feedback on whether
this was correct, which was visible for 200 ms before moving on to the next trial. After receiving
instructions, participants were given an opportunity to practice the task for 16 trials. They were
then reminded of the instructions once more before the task began. The task consisted of 40
trials, among which there were a random number of trials where the rule did not switch from the
previous trial and a number of trials where the rule switched from the previous trial. Average
accuracy and reaction time (ms) on the trials where there was not a switch and where there was a
switch were calculated. To calculate the cognitive cost of switching between rules on task

accuracy, in line with prior work (e.g., Wylie & Allport, 2000), the difference in accuracy
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between switch and no-switch trials was calculated. Similarly, to calculate the cognitive cost of
switching between rules on reaction time, the difference in reaction time between switch and no-
switch trials was calculated. For switch-cost accuracy higher scores indicate better cognitive
flexibility performance while for reaction time scores, higher scores indicate worse cognitive
flexibility.

Working memory. Working memory for both parents and children was measured using a
version of the Backwards Digit Span task from the Wechsler Intelligence Scale for Children
(WISC-V; Wechsler, 2014). The Backwards Digit Span task has been used with children 9-15
years of age (e.g., Rosenthal et al., 2006) and adults (e.g., Dobbs & Rule, 1989). The Backwards
Digit Span task involved participants being shown a string of numbers for 400 ms each, then
asked to type them in reverse order, with the strings of numbers increasing in length by one as
the task goes on. After receiving instructions, participants were first given an opportunity to
practice the task twice, first with a string of two numbers, and then with a string of three
numbers. Participants were reminded of instructions once more before the task began. The task
continued until two consecutive strings were entered incorrectly by the participant. Children
were shown a total of six strings with the longest string consisting of seven numbers while
parents were shown a total of eight strings with the longest string consisting of nine numbers.
Participants’ score on this task was recorded as the number of strings they correctly entered.
Higher scores on this task indicate better working memory performance.

Parental job loss due to COVID-19. Parental job loss due to COVID-19 was assessed
through parent-report. Parents were asked whether they, and if applicable, their partner, had lost
their job or any wages because of the COVID-19 pandemic and indicated either that they had lost

their job due to COVID-19, they had lost wages due to COVID-19, or that their employment was
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unaffected. For the current analyses, this variable was collapsed so that O indicates that neither
parent lost wages or their job due to the pandemic and 1 indicates that at least one parent either
lost wages or their job due to the pandemic.

Family financial stress due to COVID-19. Family financial stress due to COVID-19 was
assessed through parent-report. This scale was calculated using one item from the California
Families Project Economic Hardship Scale (Conger & Elder, 1994), one from the Financial
Anxiety Scale (Archuleta et al., 2014), and two items from the COVID Impact on Health and
Wellbeing Scale (Eng, 2020). The four items used to create the family financial stress are as
follows: (1) “in the past two months, my financial situation has been worse than it was before the
pandemic”, (2) “in the past two months, | have felt anxious about my financial situation”, (3)
“while sheltering in place/at home, how hard has it been for you to pay for the very basics like
food, housing, medical care, and heating”, and (4) “how would you describe the money situation
in your household right now”. On all four of these measures, higher values indicate more
financial stress and worries about finances. The first two measures were on a five-point scale
while the second two were on a four-point scale, so these four measures were Z-scored and
added together to create one scale of family financial stress. The scale had high reliability
(Chronbach’s a = .89).

Child anxiety and depression symptoms (RCADS-short). Child anxiety and depression
symptoms were measured via child-report, using the Revised Child Anxiety and Depression
Scale — Short Version (RCADS-short; Ebustani et al., 2012). The RCADS-short includes items
that may reflect anxiety or depression symptoms in children (““I worry that something awful will
happen to someone in my family”, “I feel sad or empty”’), which children rate from 0to 3 (0 =

never, 1 = sometimes, 2 = often, 3 = always). Items are then counted and summarized into three
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final scores: Anxiety subscale, Depression subscale, and Total score. On this scale, higher scores
indicated worse mental health. For the current analyses the total score was utilized. The full scale
used to compute the total score had high reliability (Chronbach’s a = .88).

Parent mental health symptoms (MHI-5). Parent mental health symptoms were
measured via parent-report, using the Mental Health Inventory (MHI-5; Berwick et al., 1991).
The MHI-5 is a brief questionnaire that includes items that may reflect mental health problems
over the past two months (“Been a very nervous person”, “Felt downhearted and blue”), which
participants rate from 1 to 6 (1 = none of the time, 2 = a little of the time, 3 = some of the time, 4
= a good bit of the time, 5 = most of the time, 6 = all of the time). Two items ask about positive
feelings (“Been a happy person”) so they are reverse scored. Items are then summed to create
one total mental health score with higher scores indicating worse mental health. The scale had
high reliability (Chronbach’s a = .80).

Data Analysis

Statistical analyses were conducted using SPSS version 27. Due to the small amount of
missingness (less than 5% on primary variables), listwise deletion was used. Because of outliers
present in both the child and parent cued task reaction times and accuracy as well as in the child
and parent Flanker task reaction times and accuracy, each value was winsorized at the equivalent
of 3 standardized deviations in normally distributed data, such that 1.7% of the data at extreme
values were replaced with the values at the trimmed quantile.

To test our first hypothesis that there are differences in EF performance in both parents and
children based on the presence of COVID-19-related parental job loss, two multivariate analyses
of covariances (MANCOVA) with parental job loss as the fixed effect, controlling for participant

age and sex were conducted. To test our second hypothesis that there are differences in EF
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performance in both parents and children by the presence of family financial stress due to the
COVID-19 pandemic, a series of regressions were conducted. For child EF performance, a series
of regressions with family financial stress as the predictor, each of the five EF outcomes as an
outcome, controlling for child age and sex were conducted. The same set of regressions were
conducted to assess this relation in parents with parent EF. A Bonferroni correction of p < .01
was used to account for multiple comparisons. To test our third hypothesis that there are
differences in both child and parent mental health based on parental job loss, two analyses of
covariances (ANCOVA) with parental job loss as the fixed effect, controlling for participant age
and sex were conducted. Lastly, to test our fourth hypothesis that there are differences in child
and parent mental health based on family financial stress due to the COVID-19 pandemic, two
regressions were conducted with family financial stress as the predictor and either child or parent
mental health as the outcome, controlling for child age and sex. A Bonferroni correction of p <
.01 was used to correct for multiple comparisons.
Results

Descriptive statistics for main study variables and bivariate correlations in the full sample
appear in Table 3.1 and bivariate correlations appear in Table 3.2. There were significant
correlations between child age and both working memory performance (r = .266, p = .019), and
child mental health (r = .228, p = .047), such that older children exhibited better working
memory performance and worse mental health than younger children. Parental age was
significantly correlated with reaction-time measures of child cognitive flexibility (r =.248, p =
.025) and child inhibitory control (r = -.222, p = .045), and child mental health (r = .269, p =
.016), such that children with older parents showed worse cognitive flexibility, better inhibitory

control, and reported worse mental health than children with younger parents. There were
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significant correlations between parental job loss and both child age (r = -.236, p = .037), and
family financial difficulty (r = .342, p = .002), such that families who experienced parental job
loss were more likely to have younger children and higher levels of financial stress. Family
financial stress was significantly correlated with child inhibitory control accuracy (r =-.232, p =
.036), parent working memory (r =.261, p =.018), and parent mental health (r =.288, p =.009),
such that children in families who experienced higher levels of financial stress were more likely
to exhibit worse inhibitory control accuracy while parents in these families were more likely to
exhibit better working memory performance and worse mental health. When examining the
associations among parent and child executive function, child inhibitory control reaction time
was significantly correlated with parent inhibitory control accuracy (r = .260, p = .018), and
child and parent working memory performance were significantly correlated with each other (r =
.307, p =.005). Lastly, child biological sex was significantly correlated with child mental health
(r =.272, p = .014), such that female participants exhibited poorer mental health. There were a
number of significant correlations between the raw EF measures prior to calculating the
difference between congruent and incongruent trials as well as the cognitive cost of task
switching. These appear for the child measures in Supplementary Table 3.3 and for the parents in
Supplementary Table 3.4.

Analysis of variance revealed that there was a significant difference in family financial
stress based on parental job loss, F(1, 80) = 15.205, p < .001, such that families who had
experienced parental job loss had higher financial stress (M = 1.77, SD = .58) than those who had

not (M = -1.08, SD = .45).
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Table 3.1. Sample characteristics. In the table, Fam Fin = Family financial, CF = Cognitive
flexibility, IC = Inhibitory control, WM = working memory, Acc = Accuracy, RT = Reaction
time, MH = Mental health

Variable N Minimum Maximum M SD
Child Age 78 9.84 17.71 13.01 2.27
Parent Age 82 33 57 43.26 5.07
Fam Fin Stress 82 -2.62 12.59 .00 3.48
Child CF Acc 83 -.34 .24 -.04 A1
Child CF RT 83 -514.51 1461.07 127.33 307.06
Child IC Acc 83 -12 .07 -.01 .04
Child ICRT 83 -538.96 372.15 14.20 145.23
Child WM 83 0 6 2.57 1.52
Parent CF Acc 83 -.23 22 .02 .09
Parent CF RT 83 -1002.13 611.72 -.95.66 288.40
Parent IC Acc 83 -.09 .07 -.01 .03
Parent IC RT 83 -137.20 156.15 18.44 57.36
Parent WM 83 0 8 3.08 1.80
Child MH 80 0 29 5.05 6.17
Parent MH 82 6 23 11.93 3.72
Child Sex (% female) 82 48.8

Parent Sex (% female) 82 97.6

Parental Job Loss (% lost job or 82 37.8

wages)
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Table 3.2. Correlations between the major variables. In the table, Fam Fin = Family financial, CF = Cognitive flexibility, IC =
Inhibitory control, WM = working memory, Acc = Accuracy, RT = Reaction time, MH = Mental health

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17.
1. Child Age -
2. Parent Age 322*%* -

3. Fam Fin Stress -.148 -.048 -

4. Child CF Acc .082 .013 -.025 -

5. Child CFRT -.012 .248*  -.023 -012 -

6. Child IC Acc .086 .160 -232* -108 .060 -

7. Child ICRT -.076 -.222* 053 136 -074 074 -

8. Child WM .266* 108 -.024 .002 191 213 .029 -

9. Parent CF Acc 172 .081 -.025 -033 .077 -130 -168 -.079 -
10. Parent CF RT 154 -005  -.015 -066 -088 -035 -071 -.025 077 -
11. Parent IC Acc  .072 -026  .083 136 -.144 202 .260* .000 -098 .002 -

12. Parent IC RT -.057 -.058  -.094 -037 -075 -104 .014 -.069 -108 .022 -144 -

13. Parent WM 031 129 .261* 147 123 100 137  .307** 000 .017 -012 -005 -

14. Child MH 228*  .269*  -105 119 120 097 -021 -.078 110 131 175 114 -051 -

15. Parent MH .025 .091 .288**  -073 -179 171 014 011 102 -067 138 211 .085 .035 @ -

16. Child Sex .013 .069 .063 .017 215 .080 .073  .153 145 042 -004 112 -035 .272* .049 -

17. Parent Sex .059 -064 185 -135 .000 -066 .057  -.055 -052 127 .144 120 -.058 -095 .087 -006 -
18. Parental Job -236* -.099  .342** -213 -125 057 -.006 -.123 -187 -010 .011 137 -54 .008 .199 182 123
Loss

** Correlation is significant at the .01 level (2-tailed)
* Correlation is significant at the .05 level (2-tailed)



Parental job loss and EF performance. To test our first hypothesis, we tested whether
there were significant main effects of parental job loss on the five child EF measures and then
the five parent EF measures. There was not a statistically significant difference on the five child
EF measures based on parental job loss, F(5, 70) = 1.61, p = .168, Wilks A = .90. There were also
no effects of sex, F(5, 70) = 1.83, p = .118, Wilks 1 = .88, or child age, F(5, 70) = 1.61, p = .1.67,
Wilks 2 = .90. There was a significant main effect of age on children’s performance on the
working memory task, F(1, 74) = 5.35, p = .023, such that older children performed better. There
was also a significant main effect of sex on cognitive flexibility reaction time, F(1, 74) = 6.54, p
=.013, such that female participants (M = 205.38, SD = 47.58) exhibited worse performance
than male participants (M = 57.86, SD = 46.43). However, when a Bonferroni correction was
applied using a cutoff of p < .01, these effects were no longer statistically significant.

Similarly, there was not a statistically significant difference on the five parent EF
measures based on parental job loss, F(5, 74) = .77, p = .571, Wilks 1 = .95; no difference based
on sex, F(5, 74) = .55, p =.739, Wilks /. = .97, and no difference based on age, F(5, 74) = .33, p

= .893, Wilks 4 = .98.
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Figure 3.1. Performance on the Ten Executive Function Measures by Parental Job Loss
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Family financial stress and EF performance. For our second hypothesis, we tested

whether there were significant associations between family financial stress and both child and
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parent executive function performance. There was not a significant main effect of family
financial stress on child performance on any of the executive function tasks (ps > .05). There was
again a main effect of child age on working memory performance, B = .279, p = .014, and of sex
on cognitive flexibility reaction time B =.249, p = .031. However, when a Bonferroni correction
was applied using a cutoff of p < .01, these effects were no longer statistically significant.

There was not a significant main effect of family financial stress on parent performance
on any of the executive function tasks (ps > .05) except for working memory. Parents who
experienced more financial stress were more likely to exhibit better working memory (B = .057,
p = .013), however, this effect did not survive a Bonferroni correction of p <.01. There were no
significant effects of parent age or sex on EF performance (ps > .05).

Parental job loss and mental health. For the third hypothesis, we tested whether there
were significant main effects of parental job loss on child and parent mental health. There were
no main effects of parental job loss on either child, F(1, 72) = .385, p = .537, or parent mental
health, F(1, 78) = 1.654, p = .202. There was a main effect of sex on child mental health F(1,72)
=9.45, p =.003, such that female participants (M = 7.10, SD = .93) reported more mental health
symptoms than male participants (M = 3.00, SD = .93). There were no main effects of child age
on child mental health nor main effects of parent age or sex on parent mental health (ps > .05).

Family financial stress and mental health. For our fourth hypothesis, we tested whether
there were significant relations between family financial stress and both child and parent mental
health. There was not an association between family financial stress and child mental health (p =
.229) but there was one between family financial stress and parent mental health (B = .287, p =
.010; see Figure 3.2), such that parents who reported more financial stress also reported worse

mental health. Again, there was a significant association between child sex and child mental

91



health (B =.343, p =.002). Again, there was not a significant association between either child or

parent age and their mental health (p > .05).

Figure 3.2. The Relation Between Family Financial Stress and Parent Mental Health
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Discussion

The aims of the present study were to examine the effects of COVID-19-related parental
job loss and family financial stress on EF performance in children and parents and mental health
in children and parents. The importance of both executive function and mental health to multiple
life outcomes and well-being makes it imperative that the factors that influence them, such as
financial stress, are understood. Understanding these relations are particularly important, as the
current pandemic is not yet over and scientists are predicting future pandemics (Gill, 2020).
Understanding these relations can inform governments about what sort of mitigation measures
might be necessary and allow researchers to target interventions to those who might need them
most. The current study is the first to test the relation between COVID-19-related economic
stress and objective, task-based measures of EF in children as well as adults, which helps to
broaden the available literature.
COVID-19 and Executive Function

Interestingly, for our first aim, we did not find associations between parental job loss and
either child or parent EF performance. Children and parents from families who experienced job
loss during the pandemic did not differ on any of the EF tasks in comparison to those who did
not experience parental job loss. Similarly, for our second aim, we did not find any associations
between family financial stress and child EF performance, and the one association we did find
between family financial stress and parent working memory performance did not survive a
Bonferroni correction for multiple comparisons. This is in contrast to the majority of the
literature on socioeconomic status and EF (Hackman et al., 2015; Last et al., 2018; Lawson et al.,
2018; Micalizzi et al., 2019; St John et al., 2019) and the literature on economic shocks during

the pandemic and EF (Fiorenzato et al., 2021; Kira et al., 2021a; b).
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There are a few potential reasons for this inconsistency with the prior literature. First, it is
possible that the timing of this assessment precluded us from finding any effects of economic
stress on EF. The three studies that found effects of COVID-19 economic stress on EF were all
conducted earlier in the pandemic, one in April-May of 2020 (Fiorenzato et al., 2021), another in
October-November of 2020 (Kira et al., 2021a), and the third in January-March, of 2021 (Kira et
al., 2021b). It is possible that there are timing effects, such that the severity of economic stress
families were experiencing differed across various pandemic time periods. Second, it is possible
that the location of the present study precluded us from finding any effects of economic stress on
EF. The participants in the present study were all residents of the state of California in the United
States, while participants in previous studies of this relation took place in Europe and the Middle
East. It is possible that different policies in place by governments in these different countries
(e.g., economic stimulus checks mailed to the population in the United States) may have buffered
participants’ financial strain. Lastly, it is possible that the way that EF was measured impacted
our ability to detect effects of economic stress. All three of the previous studies of this relation
utilized self-report measures of executive function, while the present study utilized task-based
measures. These two different measurement types may be tapping into different cognitive
processes and therefore reflect different types of performance (reviewed in Friedman & Banish,
2019; Toplak et al., 2012). Families who agreed to participate in research during the pandemic
may be more resilient to stress-related impairments in EF, which may limit researchers’ ability to
examine these processes.

COVID-19 and Mental Health
For our third and fourth aims, we assessed the association between COVID-19-related

parental job loss and family financial stress, and both child and parent mental health. We did not
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find a significant association between parental job loss or family financial stress and mental
health in children. This finding is in contrast to previous literature both before (Peverill et al.,
2021) and during the COVID-19 pandemic (Li et al., 2021). One potential explanation for this
finding is that it is possible that there are factors that influence children’s awareness of their
family’s financial status that we did not measure in this study. Previous work has found that
parenting practices and parental well-being buffered children from the effects of socioeconomic
status on mental health (Bge et al., 2014). Future research should examine this potential
moderator in this relation.

Importantly, there was a significant and consistent relation between family financial
stress and parent mental health, such that parents who reported more financial stress also
reported worse mental health. It is possible that the fluid dynamics of family finances throughout
the pandemic and the timing of this assessment explain this pattern of results. There are
numerous reasons for parental job loss during this pandemic and it is possible that the question
used to index job loss was not sensitive to these many reasons. Mental health in financially stable
families where a parent has chosen to leave their job to care for children who are suddenly home
due to the pandemic may be different than in families where there is less financial stability and a
parent forcibly lost their job. Future research should examine the reason for parental job loss in
addition to its occurrence. Additionally, it is possible that whether a family was receiving
unemployment insurance impacted their mental health. Research conducted during the pandemic
found that mental health was better in individuals who were unemployed but received
unemployment insurance compared to those who did not receive the insurance (Berkowitz &
Basu, 2021). Future research could benefit from inquiring about supports given to families that

are specific to the pandemic.
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Additionally, there was a consistent effect of child sex on child mental health, such that
female participants reported worse mental health than male participants. This is consistent with a
large body of prior literature, which finds that girls are at an increased risk of internalizing
disorders than boys, particularly in adolescence (e.g., Alloy et al., 2016).
Limitations, Strengths, and Conclusions

This study was not without limitations. First, this study captured a snapshot of time
through a pandemic that has lasted over a year, which may have limited our ability to detect
effects of economic stress on EF performance and mental health. It is possible that families
moved in and out of economic hardship throughout the pandemic, or had financial support from
other sources that were not surveyed in this study. Second, although over a third of the
participants in this study reported losing their job or wages due to COVID-19, this sample was of
relatively high income and had high levels of parental education, which could be associated with
access to greater savings that would attenuate the impact of lost wages. It is possible that this
restricted range limited our ability to detect effects, and that we may be missing an effect at the
lower end of the socioeconomic spectrum. Future research should replicate these results with a
more socioeconomically representative sample. Lastly, this sample was relatively low-risk. This
may have limited our ability to detect the effects of economic stressors on mental health. Despite
these limitations, this study has several strengths. First, this is the first study to examine the
effects of COVID-19-related economic stress on EF in children and is the first to examine this
relation using task-based measures of EF. Additionally, this is the first study to examine these
relations in both parents and children, adding a more complete picture of the effects of COVID-

19 to the literature.
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In conclusion, this small pilot study established the feasibility of examining EF using
computerized measures online. Although preliminary analyses did not find evidence that
COVID-19-related parental job loss or family financial stress was associated with child EF,
parent EF, or child mental health, examining these effects with a larger sample will be important
for ensuring adequate statistical power. Interestingly, while parental job loss was not related to
parent mental health, family financial stress was, such that higher levels of financial stress were
related to poorer parent mental health. This may indicate that more subjective measures of
economic stress are important for understanding the link between economic stress and mental

health.
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Supplementary Table 3.3. Sample characteristics and correlations between the raw child EF variables. In the table, CF = Cognitive
flexibility, IC = Inhibitory control, WM = Working memory, Acc = Accuracy, RT = Reaction time, Con = Congruent, Incon =

Incongruent.

Variable n Mean Range 1. 2. 3 4. 5 6. 7 8 9
(SD)

1. CF No-switch Acc 83 .83 .32-1.00 -
(.16)

2. CF Switch Acc 83 .79 42 -1.00 J76%* -
(.17)

3. CF No-switch RT 83 1042.39 274.64 —5036.26 -.097 -.115 -
(687.77)

4. CF Switch RT 83 1125.66 295.62 — 3695.76  .088 .048 J15%* -
(592.35)

4.1C Con Acc 83 97 .68 -1.00 328**  367** 126 306*%* -
(.04)

5. IC Incon Acc 83 .96 .69 —1.00 .288** . 255* .037 174 .646*%* -
(.05)

7.1C ConRT 83 699.58 389.84 —1966.41 -.307**  -.334** 526**  .389**  -.013 -209 -
(299.88)

8.IC Incon RT 83 2453.75 381.63 —2453.75 -.485**  -.434** 529**  358**  -.040 -200 .817** -
(301.95)

9. WM 83 2.57 0-6 .238* .238* -.152 -.016 .014 183  -255* -250* -
(1.52)

** Correlation is significant at the .01 level (2-tailed)
* Correlation is significant at the .05 level (2-tailed)
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Supplementary Table 3.4. Sample characteristics and correlations between the raw parent EF variables. In the table, CF = Cognitive
flexibility, IC = Inhibitory control, WM = Working memory, Acc = Accuracy, RT = Reaction time, Con = Congruent, Incon =
Incongruent.

Variable n Mean Range 1. 2. 3. 4. 5. 6. 7. 8. 9.
(SD)
1. CF No-switch Acc 83 .87 .40-1.00 -
(17)
2. CF Switch Acc 83 .89 .32-1.00 863** -
(.16)
3. CF No-switch RT 83 1153.45  237.37-2889.08 .076 142 -
(519.97)
4. CF Switch RT 83 1060.44  404.14 -2698.51 -.162 -.059 822%* -
(418.89)
4.1C Con Acc 83 .99 .93-1.00 .084 .045 167 182 -
(.01)
5. IC Incon Acc 83 .99 .75-1.00 .008 -.059 126 121 .204 -
(.03)
7.1C ConRT 83 571.92 373.86 —944.25  -179 -.157 .243* 344** 075 -.254* -
(120.46)
8.IC Incon RT 83 591.35 395.50 — 1264.67 -.057 -.058 132 212 .038 -415**  875** -
(139.77)
9. WM 83 3.08 0-8 .034 .045 .093 127 193 .076 111 102 -
(1.80)

** Correlation is significant at the .01 level (2-tailed)
* Correlation is significant at the .05 level (2-tailed)
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