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Abstract
Background: A large literature documents the detrimental effects of socioeconomic disparities on intelligence 

and neuropsychological development. Researchers typically measure environmental factors such as socioeconomic 
status (SES), using income, parent’s occupation and education. However, SES is more complex, and this complexity 
may influence neuropsychological outcomes. 

Methods: This study used principal components analysis to reduce 14 SES and 28 family stress indicators into 
their core dimensions (e.g. community and educational capital, financial resources, marital conflict). Core dimensions 
were used in path analyses to examine their relationships with parent IQ and cerebral volume (white matter, grey 
matter and total brain volume), to predict child IQ in a sample of typically developing children.

Results: Parent IQ affected child IQ directly and indirectly through community and educational capital, 
demonstrating how environmental factors interact with familial factors in neuro-development. There were no 
intervening effects of cerebral white matter, grey matter, or total brain volume. 

Conclusions: Findings may suggest that improving community resources can foster the intellectual development 
of children.
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Introduction
�irty years of research have established that family income and 

other measures of socioeconomic status (SES) are highly associated 
with cognitive, intellectual and achievement outcomes in childhood 
[1-6]. �e correlational studies between SES and child outcomes in 
typically developing children suggest that higher SES is associated 
with higher IQ [7,8], higher vocabulary development [9], better school 
achievement [10,11], and a variety of domains indicated better child 
health and development than children of lower SES4. 

�e strong relationship between SES and measures of intellectual 
ability illustrate the relevance of SES to neuroscience. At birth, the 
brain is dependent upon experiences and environmental stimulation 
for healthy development [12,13]. In turn, there is now a large literature 
which documents this interdependency between familial factors (e.g. 
genes) and the environment [14-18]. Over the course of development, 
familial factors and the environment continue to in�uence and interact 
with each other. 

It follows then, that unfavorable environmental experiences are 
harmful for both structural and functional brain development [16,19v urs1v
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Family stress: Based on the previously cited literature, exploring 
family stress and parenting using the Family Stress model, we identi�ed 
four subconstructs that capture family stress: Marital con�ict, parenting 
stress, depressive symptoms and maternal history of psychiatric 
disorders. �ese sub-constructs were used to guide the selection of 
items into a separate (from SES) principal components analysis. �e 

family stress components were constructed from 28 items listed, as they 
appear in the parent questionnaires in Table 3. �e various instruments 
used in the questionnaires are described below.

Kiddie-Schedule for A�ective Disorders and Schizophrenia-
Present and Lifetime Version (KSADS-PL): Because mental illness is 

Component
Variable Marital Conflict-Physical Depressive Symptoms Marital Conflict-Verbal Marital Conflict Resolution Intrafamily Dyadic Relationships
Respondent slapped 
or spanked  
him/her¹

.991 -.028 -.019 -.022 -.022

Respondent hit or 
tried to hit with  
something¹

.991 -.021 -.058 -.012 -.018

Respondent pushed, 
grabbed, or  
shoved him/her¹

.990 -.026 -.048 -.017 -.016

Respondent beat him/
her up¹ .988 -.018 -.066 -.026 -.019

Respondent threw 
something at  
him/her¹

.988 -.027 -.005 -.003 -.007

Respondent threw 
or smashed  
something¹

.968 -.010 -.007 .038 -.023

Respondent 
threatened to hit or  
throw something at 
him/her¹

.866 -.068 .193 .043 .003

Feeling blue² -.014 .783 .139 .035 .100
Feeling lonely² -.021 .777 .093 .121 -.109
Have you felt 
downhearted and 
blue?³

.065 -.762 -.027 .027 -.007

Feeling hopeless 
about the future² -.010 .711 -.017 -.134 -.025

Thoughts of ending 
your life² .015 .623 -.055 -.143 -.055

Feelings of 
worthlessness² -.002 .617 -.117 .192 .107

Respondent called 
the person a name,  
insulted or swore at 
them¹

.025 -.037 .852 .116 -.088

Respondent did or 
said something to  
spite him/her just to 
be mean¹

-.024 .011 .799 -.123 -.104

Respondent yelled or 
screamed at  
him/her¹

.015 .041 .782 .259 .067

Respondent sulked 
and/or refused to  
talk about it¹

.094 -.005 .630 -.129 -.057

FES Conflict Scale 
Index  (score/
number answered)4 

-.086 .054 .489 .303 -.059

Respondent stomped 
out of room or  
house (or yard)¹

.026 -.044 .440 .373 .338

Respondent 
discussed the issue  
calmly together¹ 

.076 .043 -.059 .610 -.318

Respondent got 
information to back  
up their side of 
things¹

.018 -.123 .217 .582 -.097
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used. Intraclass correlation of intra-rater reliability for independent 
designation of regions on segmented images obtained from 10 subjects 
were 0.99 for total brain volume, total white matter, total grey matter, 
and cerebral spinal volumes. 

Other covariates: In addition to our targeted predictor measures, 
we include several other key covariates that have shown signi�cant 
relationships to our predictor variables, and/or outcome variables. 
�ese included chronological age, race/ethnicity, gender and biological 
parental IQ. �e latter variable was used as a proxy measure for familial 
(e.g. genetic) contribution, and was operationalized by the two-subtest 
(Vocabulary, Matrix Reasoning) version of the Wechsler Abbreviated 
Scale of Intelligence [54].

Data Analysis
Construction of SES and family stress components

Principal components analysis is a mathematical technique 
that reduces an original set of variables into a smaller number of 
uncorrelated variables, to explain part of the variation in a set of 
observed variables with a few underlying dimensions [41]. �ese 
dimensions or components are a linear weighted combination of 
the initial variables, where each consecutive component captures an 
additional dimension in the data, while explaining smaller and smaller 
proportions of the variation in the original variables [74]. Unlike factor 
analysis, there is no statistical model underlying principal components 
analysis, because it is merely a transformation of the data [75]. Another 
di�erence between the two approaches is that in principal components 
analysis, all of the observed variance is analyzed, while in factor 
analysis, it is only the shared variance that is analyzed. We chose to use 
principal components analysis over factor analysis because there are 
fewer assumptions about the relationships between the items.  
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volume directly (β=.569, SE=.061, p<.001; β=.207, SE=.070, p=.003 and 
β=.232, SE=.095, p=.015, respectively). 

Grey matter mediation: �e only signi�cant grey matter 
mediation path was that grey matter mediated the e�ect of sex (male) 
on IQ (β=.099, SE=.050, p=.047). �is means that male child IQ is 
1.5-points higher than female IQ through its e�ects on males grey 
matter volume. Both race and the �nancial resources component 
predicted grey volume directly (β=.339, SE=.088, p<.001 and -β=.222, 
SE=.084, p=.008, respectively). 

Total brain volume mediation: Total brain volume mediated the 
e�ect of sex (male) on IQ (β=.107, SE=.053, p=.044). �is means that 
male child IQ is 1.5-points higher than female IQ, through its e�ects 
on male total brain volume. Sex, race and the �nancial resources 
component predicted total brain volume directly (β=.576, SE=.061, 
p<.001; β=.279, SE=.085, p=.001 and β=.198, SE=.078, p=.011). Parent 
IQ directly predicted child IQ (β=.301, SE=.109, p=.006), with the same 
magnitude as the grey and white matter models. 

Do any components of SES mediate the e�ect of one biological 
parent’s IQ (genetic proxy) on child IQ?

White matter mediation: �e community and educational 
capital component of SES mediated the e�ects of parent IQ on child 
IQ (β=.112, SE=.054, p=.037), and was the only signi�cant indirect 
path. �is means that a 15-point increase in parent IQ (one standard 
deviation in IQ) predicts a 1.1-point increase in child IQ, by way of 
increasing the family’s community and educational capital. Parent IQ 
directly predicted child IQ (β=.311, SE=.110, p=.005), meaning that a 
15-point increase in parent’s IQ predicts a 4.6-point increase in child 
IQ, holding all else constant. Additionally, parent IQ directly predicted 
community and educational capital (β=.483, SE=.091, p<.001), and 
�nancial resources (β=.245, SE=.112, p=.028) components of SES. 

Grey matter mediation: Community and educational capital 
mediated the e�ects of parent IQ on child IQ (β=.107, SE=.053, 
p=.044). �is means that a one standard deviation increase in parent’s 
IQ produces a .1 standard deviation increase in child IQ via its e�ects 
on community and educational capital, which is approximately a 
1.5-point increase in child IQ. Parent IQ directly predicted child IQ 
(β=.308, SE=.109, p=.005), with approximately the same magnitude 
as in the white matter model. Parent IQ also directly predicted the 
SES components of community and educational capital and �nancial 
resources in the same magnitude as in the white matter model. 

Total cerebral brain volume mediation: As in the grey and white 
matter models, the SES component of community and educational 
capital mediated the e�ects of parent IQ (β=.108, SE=.053, p=.042) 
on child IQ. �is means that a 15-point increase in parent IQ (one 
standard deviation in IQ) predicts a 1-point increase in child IQ, by 
way of increasing the family’s community and educational capital. 
Parent IQ directly predicted community and educational capital and 
�nancial resources, with the same magnitude as the white and grey 
matter models. 

Do any components of family stress mediate the e�ect of SES 
on child IQ?

 None of the family stress components mediated the e�ect of the 
SES components on child IQ. �ere were non-directional correlations 
amongst the SES and family stress components. Health status and 
intrafamily dyadic relationships were related (β=-.216, SE=.094, 
p=.022), and �nancial resources was related to both depressive 

symptoms (β=.313, SE=.089, p<.001) and marital con�ict resolution 
(β=-.215, SE=.094, p=.023). �ese relationships were the same in the 
white, grey and total cerebral volume models. 

Summary of �ndings 

Community and educational capital, the primary SES component, 
mediated the e�ects of parent IQ on child IQ, providing support for 
our second hypothesis. None of the brain volume measures or the 
family stress components mediated the e�ects of the SES components 
on child IQ, and therefore, our hypotheses for the �rst and last research 
questions were not supported. 

Discussion
�e primary purpose of this study was to investigate how well-

de�ned environmental factors in�uence children’s brain development 
and intellectual functioning, and makes several contributions to the 
literature. �e unique interdisciplinary research approach combined 
the neuropsychological, sociological and developmental psychological 
literature, to explore the ways that SES a�ects child development, by 
conducting an empirical test of the Family Stress model. �is analysis 
yielded more comprehensive measures of SES and family stress, using 
multiple items with principal components analysis. In particular, 
the operationalized SES components are stronger and more robust 
representations of this construct, than what is typically used in the 
literature. �is paper also extends the neuroscience literature by using 
meditational models to explore potential mechanisms through which 
SES operates in child neuro-development.

�is study explored numerous meditational relationships through 
which SES and family stress may a�ect child outcomes, by using these 
components in path analysis, which also included measures of cerebral 
volume and parent IQ. We proposed three major research questions: 
(1) Does brain volume mediate the e�ect of SES on child IQ? (2) Do any 
components of SES mediate the e�ect of one biological parent’s IQ on 
child IQ? (3) Do any components of family stress mediate the e�ect of 
SES on child IQ? We hypothesized that cerebral white matter will have 
the strongest level of mediation between SES and family stress, and 
child cognitive outcomes because of the known environmental impact 
of myelination processes during development [80]. However, none of 
the brain volume measures or the family stress components mediated 
the e�ects of SES on child IQ; therefore, our hypotheses for the �rst 
and third research questions were not supported. �is is concurrent 
with the �ndings from another recent neurological study, with a large 
sample of typically developing children that found a small association 
between total brain volume and IQ, and a larger association between 
parental education and IQ, using parental education as a proxy for 
SES [46]. As in our study, they found that total brain volume did not 
mediate the relationship between parental education and IQ. 

�e foremost �nding was that in all three models, community 
and educational capital—the primary SES component—mediated the 
e�ect of parent’s IQ on child IQ, providing supportive evidence for the 
second research question. Community and educational capital can be 
thought of as the average and median resources of families living in the 
child’s community, and serves as a proxy measure for local investments 
in public goods. In this case, higher community and educational capital 
means higher housing costs, taxes, and perhaps, schools with better 
performance measures. Other aspects, such as reduced crime, higher 
quality child care, more extra-curricular opportunities or access to 
community health resources are likely correlated with better-resourced 
communities. Our results show that an increase in parent’s IQ was 
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associated with a small increase in child IQ that operated through a 
family’s community and educational capital, in addition to the direct 
a�ect of parent IQ on child brain volume. 

�is is a particularly interesting pathway because it involves 
both a familial (e.g. genetic), and an environmental factor. �is also 
corroborates numerous developmental theories, which hypothesize 
that the environment shapes child outcomes in concert with genetics 
through dynamic developmental processes, and the large literature that 
documents the interdependency between familial factors (e.g. genes) 
and the environment [14-18,81-84]. Over the course of development, 
familial factors and the environment continue to in�uence and 
interact with each other. �is suggests that even if parents have a high 
IQ, if community supports are not available, the child’s IQ would be 
negatively a�ected. Since community and educational capital also 
predicted IQ directly, this implies that increasing resources in the 
community could enhance child IQ. Together, the model results 
indicate that the e�ect of parent IQ on child IQ operates both indirectly 
through the environment via community and educational capital, and 
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measure of family income in our SES components; 7) �e range of 
SES in our sample was wide based on the Hollingshead Index, but a 
majority of the families were lower middle-class. �e study site was 
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