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Abstract

Socioeconomic status (SES) influences health, behaviors, and well-being. Emerging information
suggests that SES effects on health may be in part be due to SES effects on brain development. We have
conducted a mini review of U.S.-based studies examining SES effects on brain development to
synthesize the existing knowledge on what brain structures and functions show large and consistent
SES influences. We have reviewed SES effects on performance in various cognitive functions such as
learning, memory, and language. Additionally, we have reviewed the emerging literature from the
Adolescent Brain Cognitive Development (ABCD) study on the effects of social marginalization in
reducing the effects of SES on children and youth brain development. These diminished returns of SES
in minoritized youth are not due to genetics; rather, we argue that they stem from systemic and
structural racism, social stratification, and marginalization that generate inequalities across the SES
spectrum. As a result of these diminished returns, inequalities expand from low-SES to mid- and high
SES sections of US society.
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Introduction

Farah (Farah, 2017), Noble (Noble & Giebler, 2020), and others (Natalie H Brito & Kimberly G Noble,
2014; Johnson, Riis, & Noble, 2016) have conducted reviews on socioeconomic status (SES)
influences on brain development and health. The mini review we have conducted further summarizes

research on the mechanisms of SES on brain development and cognitive function, including language
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development. The main contribution of this review is to go beyond overall effects of SES and show
how SES effects differ across various social groups who live in different context.

Brain health has been repeatedly linked to environmental factors (Holt & Mikati, 2011). Early life
determinants can predict the risk of neurodegenerative diseases (Staff, Murray, Deary, & Whalley,
2004). Recent advances in neuroimaging technologies have enhanced our ability to conduct precise
brain structure measurements, showing differences in the effects of early life experiences on brain
development (Staff et al., 2012). Moreover, adverse childhood experiences are related to abnormalities
in brain structure and function in adulthood (Bremner, 2003; van Harmelen et al., 2010). Extensive
research has shown that childhood socioeconomic status has long-lasting influences on functional and
structural brain development (Tomalski & Johnson, 2010). Some researchers define SES as the
combination of non-economic features, such as education and the prestige of social standing, as well as
material possessions (Hackman & Farah, 2009). While SES is a concept with high predictability and
stability, other environmental factors such as stress and neighborhood quality have more transient
effects on one’s cognitive, mental, and physical health development (Adler & Rehkopf, 2008; Rand D
Conger & M Brent Donnellan, 2007; Duncan & Magnuson, 2003; Sirin, 2005).

The influence of childhood SES on brain development is, in part, mediated by more proximal factors
such as exposure to environmental toxins, diet, stress, cognitive stimulation, and various aspects of
parenting such as parental engagement (Tomalski & Johnson, 2010). It is unclear to what degree the
adult environment contributes to adult brain structure and associated brain function or cognitive decline
(Hedges et al., 2008). A large number of cognitive systems including but not limited to memory,
language and executive function are influenced by SES (Hackman & Farah, 2009; Raizada &
Kishiyama, 2010).

Despite these findings, the literature connecting SES and the brain is also characterized by a number of
significant limitations. One is a lack of sample diversity, which means that few studies have tested
whether associations between SES and brain outcomes are moderated by contextual or demographic
factors (Staff et al., 2012). A second limitation is the cross-sectional design of most previous studies,
which limits causal inference. Cross-sectional studies in adulthood also have the challenge of
distinguishing between the effects of early life and later life exposures, such as childhood and
adulthood SES. In addition, the extent to which early SES effects on brain development can be
“rescued” by conditions in later life is currently unknown.

Farah (Farah, 2017), Noble (Noble & Giebler, 2020), and others (Natalie H Brito & Kimberly G Noble,
2014; Johnson et al., 2016) have conducted reviews on socioeconomic status (SES) influences on brain
development and health. The mini review we have conducted builds on this foundation in two ways:
First, we summarize new research on the mechanisms connecting brain development and cognitive
function, focusing on the domains of memory, language development, and executive functioning.
Second, we also go beyond the marginal effects of SES to review emerging research testing whether

SES effects differ across various social groups who live in different contexts.
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Memory

Several studies have reported an SES gradient in performance on memory tests. Lipina et al. showed
that infants from low SES families” were less likely to possess the working memory and inhibitory
control abilities required to pass the ‘A not B’ test, an early measure of executive function (Diamond,
1990; Lipina, Martelli, Vuelta, & Colombo, 2005). Studies have also reported associations between
SES and the structure and function of brain regions responsible for memory. For example, Jednordy et
al. found positive correlations between SES and gray matter volumes in the right inferior
occipito-temporal gyri, left fusiform gyri, bilateral hippocampi, and middle temporal gyri. These are
brain regions related to cognitive abilities known to be influenced by SES (Jednordy et al., 2012).
Consistent relationships between SES the bilateral hippocampi and parahippocampal gyri, regions
associated with memory performance and prenatal and early stress, were also found (Jednor@j et al.,
2012). Similarly, in a study of 317 children, ages 4-18 years old, Hanson et al. found that that children
in low-income families had less gray matter in the bilateral hippocampi compared to children in
high-income families (Hanson, Chandra, Wolfe, & Pollak, 2011).

Language Development

SES is strongly associated with language skills, such as literacy, vocabulary, syntax, and phonological
awareness (Farah et al., 2006; Fluss et al., 2009; Noble & McCandliss, 2005; Noble, McCandliss, &
Farah, 2007). For example, one study found that three-year-old children from high SES families have
an average vocabulary size that is twice as large as children who participate in welfare programs (Hart
& Risley, 1995). Since language abilities have been shown to be one of the cognitive systems highly
affected by SES, there may be some SES effects on structural characters of the hippocampus, prefrontal
cortex and medial temporal lobes (Hackman & Farah, 2009; Jednordy et al., 2012). In fact, high SES is
associated with higher language competence. Hart and Risely found that three year old children from
high SES families have an average vocabulary size that is twice as large as children who participate in
welfare programs (Hart & Risley, 1995). Moreover, SES gradients were observed for vocabulary,
phonological awareness, and syntactic development at different developmental stages, presenting
explicit evidence for SES effects on the left perisylvian cortex (responsible for language processing),
which could explain language disparities (Whitehurst, 1997).

Additionally, Hackman & Farah found that children ages 6 to 9 with below average reading ability
show different associations between SES activation in the left fusiform gyrus (plays important role in
visual word recognition), and phonological awareness (Hackman & Farah, 2009). In lower SES levels,
a strong positive relationship between left fusiform activity and phonological awareness was observed,
while there was no correlation between the two in higher SES children (Noble, Wolmetz, Ochs, Farah,
& McCandliss, 2006). Likewise, in a functional Magnetic Resonance Imaging (fMRI) study where
5-year-old children judged whether words and non-words rhyme, researchers found that the amount of

hemispheric specialization in the left inferior frontal gyrus was positively associated with SES (Raizada,
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Richards, Meltzoff, & Kuhl, 2008). One study that investigated asymmetries in parietal and temporal
lobes in children failed to find SES disparities (Eckert, Lombardino, & Leonard, 2001). However,
another specifically studying the left inferior frontal gyrus found a higher probability to see a marginal
tendency towards smaller volumes in lower SES children (Raizada et al., 2008). Furthermore, a strong
association was found between SES and Broca’s area (motor speech area) located within the left
inferior frontal gyrus (Raizada et al., 2008).

In line with several studies (Fluss et al., 2009; Noble & McCandliss, 2005; Noble et al., 2007),
Jednor@ et al. found positive relationships between SES and reading and verbal abilities, elucidating
that language is one of the domains of cognition that is most influenced by SES (Jednor&y et al., 2012).
While most studies have shown phonological awareness and SES to be correlated (Dickinson & Snow,
1987; Noble & McCandliss, 2005; Wallach, Wallach, Dozier, & Kaplan, 1977), a relationship between
SES and phonological awareness was not found in Jednor@y et al. study, likely because children with
reading disabilities were excluded, causing the range of phonological awareness to be too narrow to
show a significant effect (Jednord&y et al., 2012). There are other studies not showing a correlation
between phonological awareness and SES (Dodd, Holm, Hua, & Croshie, 2003; Fluss et al., 2009).
Consistent correlation between SES and the left temporal-occipital areas (fusiform and middle temporal
gyrus) has been reported that is particularly related with written language (Dehaene et al., 2010). Given
the strong influence of SES on reading proficiency, this is a highly plausible finding (Fluss et al., 2009;
Molfese, Modglin, & Molfese, 2003). In addition, a positive correlation has been observed between
SES and gyrification in the left medial prefrontal cortex which is implicated in language (Jednor&y et
al., 2012).

Moreover, Hackman and Farah used the Neuropsychological Assessment Battery to assess five
cognitive domains (attention, language, memory, spatial, and executive functions) across three different
age samples. Hackman and Farah found that middle-SES kindergarteners perform better, especially on
the left perisylvian/language system and Prefrontal/ Executive system tests compared to their low-SES
counterparts (Hackman & Farah, 2009), even though the results from the other neurocognitive
assessments did not remarkably differ between low and middle SES children (Noble, Norman, & Farah,
2005). Additionally, Hackman and Farah presented substantial evidence that showed a strong
association between the left perisylvian/language system and SES (Hackman & Farah, 2009), similarly
the Medial temporal/Memory system, parietal/spatial cognition system (Levine, Vasilyeva, Lourenco,
Newcombe, & Huttenlocher, 2005), and the executive functions of Lateral prefrontal/Working memory
and Anterior cingulate/Cognitive control (Noble et al., 2007) showed an SES gradient. A similar pattern
was seen in low and middle SES children as there were SES disparities in working memory, language,
spatial cognition, and cognitive control (Farah et al., 2006). In fact, the impact of poverty is
disproportionate to some neurocognitive systems, such as language and executive function (Hackman
& Farah, 2009). Some areas of the brain that remain to be confirmed and interpreted include the right

middle temporal gyrus and the right inferior occipito-temporal region (Jednordy et al., 2012). The latter
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might be correlated with literacy, as some studies have indicated its functional participation in the

acquisition of reading skills (Turkeltaub, Gareau, Flowers, Zeffiro, & Eden, 2003).

Executive Function

Multiple studies have documented SES influences on executive function and selective attention. For
example, Mezzacappa reported SES variations in tests of ‘executive attention’ in 6-year-old children
using Posner’s Attention Network Task (Mezzacappa, 2004; Rueda et al., 2004). This finding is also
substantiated by neuropsychological test studies on adults (Singh-Manoux, Richards, & Marmot, 2005;
Turrell et al., 2002).

Several studies have used electrophysiological measures to investigate SES influenced disparities in
resting state brain functions. For example, Otero et al. found a maturational lag in the prefrontal cortex
in Mexican and low SES preschool children (Otero, 1997). Tomarken et al. found left-frontal
hypoactivity in low SES children (Tomarken, Dichter, Garber, & Simien, 2004). Using event-related
potentials, poverty is shown to decline executive function development and selective attention
(Czernochowski, Fabiani, & Friedman, 2008; D’ Angiulli, Weinberg, Grunau, Hertzman, & Grebenkov,
2008; Kishiyama, Boyce, Jimenez, Perry, & Knight, 2009; Stevens, Lauinger, & Neville, 2009).
Moreover, a study investigating the impacts of the level of a mother’s education on a selective auditory
attention task in 3- to 8-year-old children, found differing patterns of neural responses which correlated
to SES, thus showing that SES is a broad, positive indicator of attention span (Stevens et al., 2009).
Children from low-SES families showed a higher breadth of responses to the probes in the unattended
channel, indicating difficulty in stopping distracting stimuli from disrupting the processing stream
(Stevens et al., 2009). Another study found lower selective attention was electro-physiologically
observed in low-SES children (Hackman & Farah, 2009). Moreover, using event-related potentials,
D’ Anguilli et al. found that children from low-SES families show reduced selective attention, although
reaction time and accuracy were equal regardless of SES (D'Angiulli, Herdman, Stapells, & Hertzman,
2008; D’Angiulli et al., 2008). Another study using event-related potentials displayed that the
recruitment of prefrontal attentional control mechanisms in children with higher SES tend to be greater
than control mechanisms in children with low SES (Kishiyama et al., 2009). Such subtle SES
differences in attention may explain the effects of SES on language development, which requires
selective attention to verbal stimuli (Stevens et al., 2009). These processes may be disrupted in

low-SES conditions with high-frequency noises and distracting stimuli (Evans, 2004).

Brain Structure

Associations between SES and morphometric measures such as brain size are commonly reported.
Jednor@ et al. found positive associations between gray matter dimensions and SES, suggesting that
conducive environments are generally correlated with larger amounts of grey matter (Jednor@y et al.,

2012). In contrast, Staff et al., did not find a relationship between childhood SES and entire brain
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volume (Staff et al., 2012). Interestingly, a higher rate of brain atrophy in individuals with high
socioeconomic status has been reported (Fotenos, Mintun, Snyder, Morris, & Buckner, 2008). So, the

findings are mixed, and more research is needed on this topic.

Affective Processes

SES influences on affective neuronal process have been frequently reported. For example, a study that
found a relationship between low SES and increased amygdala activation in response to negative and
threatening faces (Gianaros et al., 2008). Furthermore, a fMRI study that examined neural responses to
unstable and stable hierarchies established in the context of an economically interactive game, found

extensive influences in brain regions involved in affective and cognitive processes (Zink et al., 2008).

Functional Connectivity

An Adolescent Brain Cognitive Development (ABCD) study by Rakesh et al. on 7618 children aged
9-10 years old revealed that social disadvantage such as higher crime rates, pollution, and lower quality
health care and schooling, was associated with widespread alterations in resting state functional
connectivity (rsFC) in both the default mode network and sensorimotor functional systems (Rakesh,
Seguin, Zalesky, Cropley, & Whittle, 2021). Sex, positive parenting, and schooling, however, were
found to moderate some of the effects of neighborhood disadvantage on rsFC (Rakesh, Seguin, et al.,
2021). In particular, females showed a stronger negative association between the area deprivation index
(ADI) and rsFC than males (Rakesh, Seguin, et al., 2021).

Likewise, another study by Rakesh et al. of 9475 children aged 9-10, found three SES factors,
neighborhood disadvantage, parental education attainment, and income-to needs ratio were associated
with the connectivity of similar networks (Rakesh, Zalesky, & Whittle, 2021). Higher neighborhood
advantage, higher household income-to-needs ratio, and higher educational attainment were all
associated with reduced connectivity within and between sensorimotor networks and increased

sensorimotor connections to frontal functional networks (Rakesh, Zalesky, et al., 2021).

Subjective SES

Subjective SES refers to comparative social standing relative to others and differs from objective
measures such as education and income (Natalie H. Brito & Kimberly G. Noble, 2014; Mudd, van
Lenthe, Verra, Bal, & Kamphuis, 2021). Gianaros et al. found subjective social status was associated
with reduced gray matter volume in the anterior cingulate cortex, a region involved in the regulation of
behavioral and physiologic reactions to stress, and not correlated with hippocampal or amygdala
volumes (Natalie H. Brito & Kimberly G. Noble, 2014). Another study assessing stable (social ranking
fixed) and unstable (social ranking changes based on performance) status hierarchies revealed that
when a picture of a person of higher social status is presented, an evident pattern of neural activity in

the ventral striatum and the dorsolateral prefrontal cortex is elicited. Conversely, in unstable hierarchies,
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activity patterns were observed in the amygdala, posterior cingulate, medial prefrontal cortex, and

thalamus, regions of the brain involved in social cognition and emotional processing (Zink et al., 2008).

Stress Tolerance

Economically disadvantaged children exposed to economic, social, physiological, and perinatal
disadvantages and stressors show lower levels of well-being and cognitive function (Duncan &
Brooks-Gunn, 2000; Hussey, Chang, & Kotch, 2006; K. M. Kim et al., 2018). Chronic exposure to
stressors may contribute to a dysregulated stress response, therefore leading to altered activation of the
hypothalamic-pituitary-adrenal axis (HPA) (Vliegenthart et al., 2016). In turn, chronically high levels
of cortisol appear to lead to physiological dysfunction, poor cognitive development, and increased risk
of physical illness (P. Kim, Evans, Chen, Miller, & Seeman, 2018; McLoyd, 1998). A study carried out
by Staff et al. suggests a link between lower childhood SES and increased cortisol release. Moreover,
high cortisol levels and long-lasting socioeconomic difficulties has also been linked to circadian rhythm
disruptions.

Tomalski et al. demonstrated that early years’ experiences may result in different functional and
structural brain development (Tomalski & Johnson, 2010). Another study conducted by Knickmeyer et
al. showed a growth pattern in the hippocampus and caudate that differs with other regions of the brain
in the first 2 years of life, suggesting that differential structural brain development exists (Knickmeyer
et al., 2008). It is argued that early stress leads to reduced development of the hippocampus. McEwen
proposed that repeated exposure to stressors may reduce both neuronal numbers and dendritic
branching stemming from the dendrite gyrus (McEwen, 2003). In fact, with decreasing dendritic trees
and neuronal numbers, the hippocampus increasingly reacts to chronic stress®’. Based on the
association between the hippocampus and parts of the prefrontal cortex, with the stress response system
in humans (Evans & Schamberg, 2009; Frodl, Reinhold, Koutsouleris, Reiser, & Meisenzahl, 2010)
and animals (Cerqueira, Mailliet, Almeida, Jay, & Sousa, 2007; Hawley & Leasure, 2012; J. J. Kim &
Diamond, 2002), ROIl-based studies (Hanson et al., 2011) have documented SES effects on the
hippocampus and prefrontal cortex (Jednordy et al., 2012).

Marginalization-related Diminished returns (MDRs)

The effects of SES indicators on health and well-being vary across racial groups (Assari, 2018a). Our
empirically supported Marginalization-related Diminished Returns, also known as Minorities’
Diminished Returns (MDRs) framework, suggests that social stratification may weaken the economic
and health returns of SES, such as health and well-being, for Blacks and Latinos compared to US-born
non-Latino Whites (Assari, 2018d). At a cognitive level, there are weaker SES effects for emotion
regulation, inhibitory control, reward processing, and executive function for Blacks compared to
Whites (Assari, 2020c, 2020h, 2020i, 2020I; Assari & Boyce, 2021; Assari, Boyce, Akhlaghipour,

Bazargan, & Caldwell, 2020; Assari, Boyce, & Bazargan, 2020a, 2020b). Cross-sectional analyses of
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the ABCD study data shows weaker effects of SES on the function/size of the thalamus (Assari &
Curry, 2021), hippocampus (Assari, 2020b), amygdala (Assari, Boyce, et al., 2020b), and cerebral
cortex (Assari, 2020g; Assari, Boyce, Bazargan, et al., 2021; Assari, Boyce, Sagib, Bazargan, &
Caldwell, 2021) for Black children compared to White children.

In addition, there are weaker SES effects for Blacks and Latinos compared to Whites for a wide range
of emotional, behavioral, and health outcomes (Assari, 2019, 2020a; Assari, Boyce, Bazargan, Caldwell,
& Mincy, 2020). MDR framework acknowledges that high SES Black and high SES White families
highly differ in their exposure to risky environment, protective social and physical environment,
economic opportunities, and health-promoting resources. These variations reflect structural and societal
inequities in social status, family wealth, social capital, and neighborhood quality between daily
experiences of high SES White and Black individuals (Assari, 2018d). These systemic structural
disadvantages lead to the diminished returns of SES resources for racial and ethnic minority groups
particularly Black and Latino families (Assari, 2018a). As a result of these MDRs, while non-Latino
White youth display low risk, their high SES Black and Latino counterparts display
higher-than-expected risk across domains (Assari, 2020b, 2020f; Assari, Boyce, Caldwell, & Bazargan,
2020).

Neighborhood conditions such as residential segregation also contribute to MDRs, although this
research has primarily been conducted in Black communities rather than other ethnic groups (Assari,
2016, 2020d; Assari, Boyce, Mistry, et al., 2021; Assari & Caldwell, 2017; Assari, Caldwell, &
Zimmerman, 2015). High SES Black adolescents and adults report higher exposure and vulnerability to
discrimination than their low-SES counterparts. Although living in a predominantly White
neighborhood comes with a wide range of advantages and benefits such as better schools and an
increased availability of health-promoting goods, proximity to Whites also comes at a psychological
cost to many middle-class Black families. An increased level of discrimination thus increases the risk
of mental health problems for high SES Black people in predominantly White neighborhoods (Assari,
2018b; Assari & Moghani Lankarani, 2018). Discrimination is a risk factor for a multitude of
undesirable health outcomes, such as substance use. Youth and adults may turn to use substance to cope
with neighborhood, family, and discrimination stress (Assari, Mistry, Lee, Caldwell, & Zimmerman,
2019).

In the ABCD data, we have found weaker SES effects on the function and size of the thalamus (Assari
& Curry, 2021), hippocampus (Assari, 2020b), amygdala (Assari, Boyce, et al., 2020b), and cortical
surface (Assari, 2020g; Assari, Boyce, Bazargan, et al., 2021; Assari, Boyce, Saqib, et al., 2021) for
Black children compared to their White counterparts. Studies have also suggested that exposure to
stress caused by a variety of causes such as life events (Assari, 2020a), financial instability (Assari,
2020K), and race/ethnicity (Assari, 2018b)explain the observed MDRs for Black adolescents.
Regardless of social mobility, stressful life events remain common for Black families (Assari, 2018c).

In the ABCD data, high SES Black children report high amounts of stressful life events, whereas high
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SES White children report low stressful life events (Assari, 2018b, 2020e). According to the Fragile
Families and Child Well-being Study (FFCWS), spanking of children remains high in high SES Black
families, whereas high SES White families report the lowest level of spanking (Assari, 2020e). Equally,
high SES Black families report higher financial insecurity (Assari, 2020k) and stress (Assari &
Bazargan, 2019), in part because highly educated Black families live in poorer neighborhoods and
work in worse jobs (Assari, 2018a). Due to high levels of discrimination, Black families struggle to be
recognized for their SES (educational achievements/income) rather than their skin color, and therefore
face challenges trying to translate their educational achievements into better opportunities (Assari,
2020Kk).

SES Influences on Brain Development

A wide range of SES factors measured at individual, family, and neighborhood levels are shown to
affect brain development. Liu et al. found that amygdala reactivity to positive/negative stimuli was a
differential sensitivity indicator that moderates the effects of family environment on youth’s prosocial
behaviors. A greater amygdala response during emotional processing was linked to increased sensitivity
to positive and/or negative environments, while lesser amygdala response was linked to a reduced
responsivity to environmental and familial influences (Liu, Oshri, Kogan, Wickrama, & Sweet, 2021).
In addition, Assari found that Black youth who live in poorer neighborhoods are at a higher risk for
poor emotion regulation (Assari, 2020d). Lower SES indicators have been found to partially explain
smaller amygdala sizes of Black and Latino children compared to White children (Assari, 2020j).
Furthermore, a study by Cho et al. using fractional anisotropy (FA) from Diffusion Tensor Images from
the ABCD data found that there was a significant difference in brain structure in 11 ROIs in Low vs.
Middle income groups but did not identify any ROIs of significant difference in Middle vs. High
income groups (Cho, Park, Isaiah, & Kim, 2021). In a study of 4,650 children aged 9-10, Paul et al.
found that SES and genetic factors measured by polygenic score cognition score composites, were
independently associated with cognitive performance indicators such as executive function, memory,
general ability, with no evidence that SES moderates the influence of polygenic score cognition score
composites (Paul et al., 2021). In a cross-sectional study examining 11,875 children aged 9 to 10 years
old, Taylor et al. found that neighborhood poverty was linked to differences in the volume of prefrontal
and hippocampal areas, and also affected performance on cognitive tests (R. L. Taylor, Cooper, Jackson,
& Barch, 2020) (Amso, 2020). Tomasi and Volkow found cognitive family SES and health behavior
variables significantly correlates with family income, cortical volume, and cortical thickness,
suggesting that the lack of emotional and educational support/education children from low-income
families might experience may result in reduced cortical volume and cortical thickness (Tomasi &
Volkow, 2021). Interestingly, Krogsrud et al. found that the relationship between working memory and

cortex thickness was not mediated by genetics nor socioeconomic status (Krogsrud et al., 2021).
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In a recent analysis of the ABCD data, stigma related to gender, race, and ethnicity was associated with
smaller hippocampus size. The results showed specificity of the effects. The magnitude of the effects of
stigma was equivalent to the predicted impact of a $20,000 difference in annual family income in the
same sample. Interestingly, perceived discrimination was not related to hippocampal volume in

stigmatized groups (Mark et al.).

Theories of SES effects on children

Conger and Donnellan theorize that there are three possible explanations for the association between
SES and the brain development of children: the social selection perspective, social causation
perspective, and interactionist perspective (R. D. Conger & M. B. Donnellan, 2007).

The social causation view suggests that SES affects families and the development of children through
family stress and investment processes. The family stress processes of economic hardship theorizes that
low income is associated with low development in children due to economic stressors experienced by
parental figures. These stressors leave low-income families at an increased risk for emotional and/or
behavioral problems, which then lead to marital problems. Parents occupied by their own worries are
less likely to pay attention to children and are more likely to be short and irritable towards their
children, thus diminishing nurturing and involved parenting (R. D. Conger & M. B. Donnellan, 2007).
A study by Conger et al. involving 422 two parent African American families, found significant support
for the family stress processes. Economic pressure was related to distress in parents, causing problems
in the parent-child relationship, resulting in higher levels of depression and anxiety in children (Conger
et al., 2002). Similarly, a study by Emmen et al. found that the relationship between SES and positive
parenting was partially mediated by both maternal psychological and maternal acculturation stress
(Emmen et al., 2013). Masarik and Conger also found empirical support for the family stress processes
(Masarik & Conger, 2017).

The family investment model hypothesizes that families with higher economic status and income can
make significant investments towards their children’s development, such as tutoring and additional
learning materials. More disadvantaged families, however, must instead invest in their more immediate
needs, such as bills and food (R. D. Conger & M. B. Donnellan, 2007). This inequality leads to gaps in
educational achievement, as family income during childhood is positively related to academic, financial,
and occupational success (R. D. Conger & M. B. Donnellan, 2007). A study by Preston et al. evaluated
the effects of SES on parental investment of children and child development through the family
investment model lens. This study found a positive association between parents’ SES and interpersonal
investments in their children (Sohr-Preston et al., 2013). Simons et al found that the effect of economic
stressors on parental investment in youth was mediated by neighborhood disadvantage. Interestingly,
when comparing family investment model and family stress model in families simultaneously, the
family stress model was found to best explain behavioral problems in young children (Simons et al.,
2016). These findings have been replicated in a previous study by Yeung et al. (Yeung, Linver, &
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Brooks-Gunn, 2002).

The social selection perspective argues that individual differences in traits and personality are what
most influence one’s accumulation of social advantages. These advantages are then transferred from
parent to child (R. D. Conger & M. B. Donnellan, 2007). For example, during adolescence, individuals
make decisions about their educational attainment, and by extension their social status, therefore
“selecting” themselves into higher or lower social strata (Miech, Caspi, Moffitt, Wright, & Silva, 1999).
However, if the social selection perspective is found to be true, social causation view must be incorrect,
since theoretically, the effects of economic hardship and neighborhood disadvantage would be greatly
reduced or eliminated after positive parental traits are included in the data (R. D. Conger & M. B.
Donnellan, 2007). Some research offers support for the social selection perspective. Donellan et al.
proposed that personal characteristics are important factors when considering the link between
economic conditions and individual development/family processes. Furthermore, personal
characteristics play an important role in resilience to economic hardship (Donnellan, Conger,
McAdams, & Neppl, 2009). McLeod and Kaiser found that externalizing disorders were significantly
associated with high school diploma attainment and college enrollment, thus demonstrating that social
selection processes contribute to economic disparities. Miech et al. (McLeod & Kaiser, 2004) found no
evidence of social selection effects among youth with anxiety and depressive disorders, however,
strong evidence of selection effects were found in youth with attention deficit disorder and conduct
disorder (Miech et al., 1999). Wadsword et al. reported similar results (Wadsworth & Achenbach,
2005).

The social causation view could be criticized , because it minimizes the power of individual decision.
Conversely, it could be argued that the social selection perspective places too little importance on the
effects of SES. Emerging research is consistent with the interactionist perspective, a view that
incorporates both social causation and social selection models (Z. E. Taylor & Conger, 2014). The
interactionist perspective argues that a dynamic relationship between individual traits and SES affect
child development, rather than one or the other (R. D. Conger & M. B. Donnellan, 2007). A study by
Martin et al. concluded that neither the social causation nor the social selection perspective was
satisfactory on its own, arguing instead that the interactionist perspective more accurately depicts the
relationship between SES and problem behaviors over time (Martin et al., 2010). In addition, a study by
Wright et al. found evidence for the coexistence of both social selection and social causation in
explaining high risk behaviors (R. D. Conger & M. B. Donnellan, 2007). The new and evolving
research supporting the interactionist perspective indicates that the interactionist perspective could
guide future research regarding the interactions between SES and the development of children (R. D.
Conger & M. B. Donnellan, 2007).
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Intervention Programs

Most of the existing evidence on SES influences on brain development are originated from
observational studies. There are very few intervention research on the effects of SES on brain
development. Exceptions are the Perry Preschool Program and the Abecedarian Program (Anderson,
2008; Schweinhart, 2003). The Perry Preschool Program was a 2-year experimental intervention for
disadvantaged children ages 3-4 (Anderson, 2008; Schweinhart, 2003). It consisted of daily morning
teaching sessions for 2.5 hours that engaged children in activities that build their decision-making and
problem-solving skills and weekly 1.5 hours home visits by teachers to build parental involvement in
the educational process (Anderson, 2008; Schweinhart, 2003). Program outcomes showed that despite
no improvement in cognitive function for the treatment group over the control group by age 10, there
was long-term improvement in non-cognitive skills, including motivation and perseverance (Anderson,
2008; Schweinhart, 2003). Follow-ups at age 40 showed that the treatment group had higher rates of
high school graduation, higher salaries, higher home ownership percentage rates, fewer out of wedlock
births, lower rates of receipt of welfare benefits as adults, and fewer arrests than controls (Anderson,
2008; Schweinhart, 2003). The Abecedarian program was a larger and more intensive program for
disadvantaged children (Anderson, 2008; Schweinhart, 2003). Children started the program at age 4.4
months and remained in the program until age 8 receiving full day care for 6-8 hours, 5 days per week
with free transportation included (Anderson, 2008; Schweinhart, 2003). Nutritional services, social
work services and medical care were provided to the control group families (Anderson, 2008;
Schweinhart, 2003). Outcomes of this program showed a permanent increase in cognitive and
non-cognitive skillset of the treatment group (Anderson, 2008; Schweinhart, 2003).. Overall, the
success of both programs indicated that early interventions targeting youth from low SES backgrounds
might have higher returns than later interventions (Anderson, 2008; Schweinhart, 2003). It must be
acknowledged that early interventions are most effective if they are followed by high quality learning

experiences (Anderson, 2008; Schweinhart, 2003).

Summary

Although there have been multiple review studies on SES effects on brain development (Natalie H
Brito & Kimberly G Noble, 2014; Johnson et al., 2016; Noble & Giebler, 2020) (Letourneau,
Duffett-Leger, Levac, Watson, & Young-Morris, 2013) all previous reviews have focused on overall
SES influences on brain development. This mini review adds to current knowledge by showing that
social marginalization, stratification, and systemic racism weaken the well-described SES influences on

brain development of racial and ethnic minority populations.
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