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Preface to ”Connections between Parental

Involvement and Treatment of Children with Autism

Spectrum Disorders (ASD)”

Prevalence of autism spectrum disorders (ASD) is rising, and as a result, a greater level of

training and treatment opportunities are required. The features of ASD impact both the family and the

child. Parents, as the main caregivers, need to be considered in the provision of the services from the

training to treatment providing. Findings suggest that parental involvement in the treatment process

improves the generalizability of skills and increases the amount of intervention the child receives.

Numerous benefits have been found in child and parent outcomes when parents are considered

in the process as one of the main stakeholders. The purpose of this Special Issue is to discuss the

impact of considering the parental role in training and intervention for ASD and undiagnosed similar

conditions in different parts of the world. Different types of papers in the forms of reviews and

original research from different researchers across the world were collected to review the impacts of

parents in the training and treatment process. The different roles parents may play in the treatment

and training process are also discussed, along with providing practical guidance on various ways of

involving parents in the process of different service provisions for individuals with ASD.

Sayyed Ali Samadi

Editor
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There is no unique scientific method to guide parents in bringing up a child with
autism spectrum disorders (ASD). Likewise, there are no distinctive interventions that can
meet all the needs of individuals with ASD. Therefore, the aim of this Special Issue was not
to focus on one particular model of intervention. Rather, the goal was to illustrate how the
role of parents can be taken more seriously in whatever interventions are used or under
development.

The papers in this Special Issue explore the transitioning and passing on of new
styles of programs to parents and the community. This involves a conceptual shift where
caregivers are considered equal members of the professional treatment team for the child.
This means going beyond considering parents’ opinions and receiving their support,
enlisting the active participation of parents in training sessions and clinical decision-
making in identifying goals and opportunities for the children, as well as in generalizing
and maintaining newly acquired skills for themselves and other family members.

Underpinning this changed approach with parents is the adoption of new ways of
thinking about ASD. In the main, ASD is broadly described as a medical diagnosis based
on DSM or ICD definitions of behaviors and clinical symptoms. Hence, a medical model of
service provision has been adopted in designing intervention goals. The medical model
assumes that the curing or managing of a disability, either generally or completely, revolves
around identifying the illness or disability from the in-depth clinical perspective of the
individual. Yet, modern conceptions of disabilities—including ASD—acknowledge the
impact of environmental influences on a child’s development, such as the role of parents
and family interactions as well as community and societal influences. Together, these can
have strong influences on the levels of function of the individual with different types of
disabilities [1].

This new perspective makes new space for parental engagement in the process of
professional support for children with developmental disabilities in both assessment and
intervention. The International Classification of Functioning, Disability and Health [2]
describes a new assessment framework that considers the social and environmental impacts
on medical and disabling conditions. This classification compares the person’s current
level of performance and the barriers they experience with the actions needed to enhance
their functioning in their surrounding environments of the family and community. The
adoption of social models may be particularly crucial in redefining the parental impacts on
service provision and understanding their involvement in the intervention and treatment
process for children with ASD. This has led to the creation of family-centered interventions
for children with additional needs, be they through illness or disability.

Family-centered interventions is a general term that covers both a philosophy and a
method of service delivery. It consists of a composition of elements such as values, skills,
behaviors, and knowledge that recognizes the centrality of parents in the lives of their child
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with developmental disabilities. The main endeavor is to consider the unique position
of every family member in supporting an individual with developmental disabilities to
learn, grow, and thrive. It puts parental values, natural lifestyle, and the strengths, needs,
and ideas of people with a disability and their parents and caregivers as the focal point
of service provision, including the design of interventions and their implementation and
evaluation.

Dunst et al. [3] demonstrated the efficacy of family-centered practice with all types
of developmental programs. However, this approach was less developed in ASD at
that time. While studies on parent-mediated ASD intervention have evolved gradually,
available results indicate that more research is needed to understand the full impact of
parent-mediated interventions on the child and family [4].

Parental efficacy plays a crucial role in family-centered practice, as it is also linked
to family functioning in general. Family functioning theories emphasize the primary
role of parents as the main component of the family unit, in that they provide the basis
for the development and maintenance of all family members biologically, socially, and
psychologically. Understanding parental and family members’ needs for development in
these different aspects is essential in order to facilitate the family’s role in caregiving for a
child with ASD. Enhancing parental awareness about their impacts, authorities, and roles
can be obtained through different sources, such as training opportunities and listening to
their voice when they talk about their ideas or explain issues from their perspective.

In this Special Issue, different contributing factors of parental involvement in the
treatment of children with ASD have been considered. The coverage extends to the parental
role in contributing to the general health and development of their offspring in other
socially vulnerable groups as well as parents of children with ASD. Nevertheless, different
aspects were not fully covered, and there is still much to learn. Paternal involvement in the
treatment process of children with ASD is still in its early stages of progress. There is also a
dearth of cross-cultural studies concerning parental involvement. A new area of research
might be the impact of online diagnosis and intervention services that inevitably have
to consider parents as the key person in creating these new styles of services. Profound
changes due to the COVID-19 pandemic have impacted how intervention and assessment
services are carried out by therapists, clinicians, and researchers. Research into parental
satisfaction with these services and the effective provision of help and support to them
could transform current provisions and usher in a new era of partnership working between
professionals and parents [5].

In summation, it has been my privilege to work with the contributors, reviewers, and
editors on this Special Issue. I appreciate their kind assistance, as it would not be possible
to attain our goal without their time and consideration.
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Abstract: Introduction. The Orbitofrontal Cortex (OFC) is a cortical structure that has implications

in cognition, memory, reward anticipation, outcome evaluation, decision making, and learning. As

such, OFC activity correlates with these cognitive brain abilities. Despite research suggesting race

and socioeconomic status (SES) indicators such as parental education may be associated with OFC

activity, limited knowledge exists on multiplicative effects of race and parental education on OFC

activity and associated cognitive ability. Purpose. Using functional brain imaging data from the

Adolescent Brain Cognitive Development (ABCD) study, we tested the multiplicative effects of race

and parental education on left lateral OFC activity during an N-Back task. In our study, we used

a sociological rather than biological theory that conceptualizes race and SES as proxies of access to

the opportunity structure and exposure to social adversities rather than innate and non-modifiable

brain differences. We explored racial variation in the effect of parental educational attainment, a

primary indicator of SES, on left lateral OFC activity during an N-Back task between Black and White

9–10 years old adolescents. Methods. The ABCD study is a national, landmark, multi-center brain

imaging investigation of American adolescents. The total sample was 4290 9–10 years old Black or

White adolescents. The independent variables were SES indicators, namely family income, parental

education, and neighborhood income. The primary outcome was the average beta weight for N-Back

(2 back versus 0 back contrast) in ASEG ROI left OFC activity, measured by functional Magnetic

Resonance Imaging (fMRI) during an N-Back task. Ethnicity, age, sex, subjective SES, and family

structure were the study covariates. For data analysis, we used linear regression models. Results.

In White but not Black adolescents, parental education was associated with higher left lateral OFC

activity during the N-Back task. In the pooled sample, we found a significant interaction between

race and parental education on the outcome, suggesting that high parental education is associated

with a larger increase in left OFC activity of White than Black adolescents. Conclusions. For American

adolescents, race and SES jointly influence left lateral OFC activity correlated with cognition, memory,

decision making, and learning. Given the central role of left lateral OFC activity in learning and

memory, our finding calls for additional research on contextual factors that reduce the gain of SES for

Black adolescents. Cognitive inequalities are not merely due to the additive effects of race and SES

but also its multiplicative effects.

Keywords: population groups; socioeconomic factors; adolescents; brain development; fMRI;

cognitive; N-Back; memory; learning; orbitofrontal cortex
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1. Introduction

Given that socioeconomic status (SES) indicators such as parental education [1] are
closely associated with exposure to chronic stress [2] and social adversities, and given that
stress and adversities jeopardize adolescents’ brain development [3–6], it should be no
surprise that there is a connection between SES indicators such as parental education and
adolescents brain development [7–14]. Adolescents from low and high SES experience
vastly different social and economic adversity levels, thus showing considerable brain
function changes [15–17]. As a result of poor brain development, adolescents from low
SES families become at risk of undesired cognitive, emotional, and behavioral outcomes
such as poor school performance [18], depression [19], anxiety [20,21], antisocial behav-
iors [22], aggression [23], and sexual initiation [24–26], as well as the use of tobacco [27,28],
alcohol [29,30], and other drugs [31].

The effects of SES and associated stress are not specific to a particular brain region,
but their effects are shown for multiple brain regions, including the amygdala [15,32,33],
hippocampus [34–36], as well as the cerebral cortex. However, due to the scarcity of
research on SES’s effects on brain regions, our understanding of brain regions that are
affected by SES is inconsistent.

Among various brain regions and structures that carry the effect of SES is the Or-
bitofrontal Cortex (OFC), a cortical structure with major implications in cognition, memory,
decision making, and learning. As such, OFC activity correlates with such cognitive brain
abilities [37–40]. The OFC has been shown to be affected by stress and SES [41]. Individuals
with low performance or shrinkage of the OFC may show poor learning ability and memory.
Several studies have shown that race, SES, and stress impact OFC. Altered OFC structure
and function are also shown to be a part of dementia [42], Alzheimer’s disease [43,44],
psychosis [45,46], post-traumatic stress disorder (PTSD) [47,48], depression [49–51], and
drug use [52–54].

Most of the existing literature on the link between SES and adolescents’ brain de-
velopment has focused on various aspects of emotion regulation rather than domains of
memory and cognition [15,32,33,55]. Similarly, most of the existing research on the effects
of stress and SES is limited to amygdala structure and function [15,32,33,55]. For example,
Javanbakht et al. have documented the effects of household SES and childhood stress on
amygdala response to threatening stimuli [15,32,33]. However, less is known on the effect
of SES and environment on the OFC [41,56].

Accurate knowledge regarding the nature of the undesired effect of low SES on
brain development and function will help us better understand why low SES adolescents
report worse developmental outcomes [57], school performance [57], mental health [58],
emotion regulation [59,60], aggression [61], and substance use [58,62]. Such research-based
knowledge on how SES operates as a social determinant of adolescents’ brain development
and function is core for breaking the vicious cycle between low family SES and poor child
developmental outcomes across multiple emotional and behavioral domains.

Theoretically, the scarcity hypothesis explains why and how SES deteriorates healthy
adolescents’ brain development. According to this theoretical framework, low SES reflects
the scarcity of resources that are essential for adolescents’ brain development. In this
view, food and home insecurity increase the risk for poor child development. As such,
poor access to resources that are buffers against poor developmental outcomes is one
of the many mechanisms that may explain the link between low SES and poor brain
development [63]. Low family SES is also a proxy of poor parenting [64–68] and high
parental risk behaviors [69,70] that can put child brain development in jeopardy [71].
Secondary to these cumulative risks, adolescents from low SES families remain at high
level of risk of psychopathologies [72–74], problem behaviors [75–81], and poor school
performance [82–84].

Multiple reasons suggest the association between SES and race/ethnicity are complex
and interactive. First, race/ethnicity and SES have a major overlapping distribution [85,86].
Low SES may even mediate (explain) the racial and ethnic disparities in adolescents’ brain
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development [87]. In addition, SES may have differential impacts on adolescent brain
development across diverse racial and ethnic groups [55]. One study suggested that family
income has stronger effects on brain function for the most disadvantaged than the least
disadvantaged groups in the society [55].

In contrast, according to the Minorities’ Diminished Returns (MDRs) framework [88],
racial and ethnic minorities show weaker associations between SES and outcomes [89,90].
In several studies in children, youth, adults, and older adults, family SES shows weaker
effects for Blacks than Whites [87,91–95]. As a result of MDRs, while White youth from
high SES backgrounds show the lowest level of risk, Black adolescents remain at high risk
regardless of SES, a pattern similarly relevant to behavioral, developmental, and health
outcomes [89,96]. These patterns are shown across emotional, behavioral, and cognitive
domains such as high-risk behaviors [96], aggression [96] and tobacco use [97], anxiety [98],
depression [99], poor health [87], chronic disease, obesity, poor school attachment, im-
pulsivity, and poor school performance [83]. These indicate a novel mechanism of health
inequalities which is systematically overlooked by researchers and policymakers and sug-
gest health disparities are not just due to lack of access to SES but also societal inequalities
that slow, hinder, and block the process of translation of an SES resource (e.g., parental
education) to an outcome (e.g., youth brain development).

Aims

To understand the social patterning of American adolescents’ brain development,
we conducted this study with two aims: First, to study the effect of SES on left lateral
OFC activity measured during an N-Back task. Using the Adolescent Brain Cognitive
Development (ABCD) data, which are from the state-of-the-art study of adolescents’ brain
development [100–113], we hypothesized that high parental education, as a major SES
indicator, would be associated with a higher left lateral OFC activity. We also hypothesized
that when comparing White and Black adolescents, the positive association between SES
(parental education) and the left lateral OFC activity measured during an N-Back task
would be weaker in Black than White adolescents, in line with the MDRs framework [88,96].

2. Methods

2.1. Study Design

We conducted a secondary analysis of the data from the Adolescent Brain Cognitive
Development (ABCD) study [102,103,109,114,115]. This study applied a cross-sectional
design and only used wave one of the ABCD data [100–113]. ABCD study is the largest
brain imaging studies of adolescents in the US [109,116].

2.2. Sample and Sampling

Participants were recruited from school systems in 21 study sites, which were dis-
tributed across multiple states. The recruitment was limited to 9–10-year-old children. To
increase the generalizability of the sample, schools were selected based on their distribution
of race, ethnicity, SES, sex, and urbanicity. For more information, please consult a fully
detailed description of the ABCD sample and sampling [112]. The current analysis was
performed in 4290 9–10-year-old White or Black adolescents. Participants were included in
this analysis if they had complete data on all study variables.

2.3. Variables

The study variables included demographic factors (age and sex), SES indicators
(parental educational attainment, subjective SES), and left lateral OFC activity (mean
beta weight for N-Back run 1 2 back conditions in APARC ROI left lateral orbitofrontal:
tfmri_nback_r1_349). Left lateral OFC activity was measured using a task-based functional
MRI measure during N-Back. Details of the procedures for harmonization of the fMRIs
and imaging are explained elsewhere [102].

7
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2.3.1. Outcome

The outcome was left lateral OFC activity measured as mean beta weight for N-Back
run 1 2 back conditions in APARC ROI left lateral orbitofrontal: tfmri_nback_r1_349. We
selected the left lateral OFC because it is shown to be impacted by poverty, trauma, and
adversity [56,117–120].

2.3.2. Moderator

Race. Race was self-identified and treated as a dichotomous variable: Black = 1,
White = 0 (reference group).

2.3.3. Independent Variables

Parental Educational Attainment. Participants were asked, “What is the highest grade or
level of school you have completed or the highest degree you have received?” Responses
ranged from 0 (Never attended/Kindergarten) to 21 (doctoral degree). This variable ranged
from 1 to 21.

Financial Status. This study measured financial status using the following seven
items: “In the past 12 months, has there been a time when you and your immediate family
experienced any of the following:” (1)“Needed food but couldn’t afford to buy it or couldn’t
afford to go out to get it?“, (2) “Were without telephone service because you could not
afford it?“ (3)“ Didn’t pay the full amount of the rent or mortgage because you could
not afford it?“, (4) “Were evicted from your home for not paying the rent or mortgage?”,
(5)”Had services turned off by the gas or electric company, or the oil company wouldn’t
deliver oil because payments were not made?”, (6) “Had someone who needed to see a
doctor or go to the hospital but didn’t go because you could not afford it?” and (7) “Had
someone who needed a dentist but couldn’t go because you could not afford it?” [121–127].
Subjective financial status predicts health beyond objective SES [121,123,124,128–130].

2.3.4. Confounders

Age, sex, ethnicity, and marital status were the confounders. Parents reported adoles-
cents’ age. Age was calculated as the distance of the date of birth to the date of enrollment
to the study. Age was measured in years. Sex was a dichotomous variable with males
as 1 and females as 0. Parental marital status was a dichotomous variable: Married = 1,
unmarried = 0 (reference category). Parents reported their ethnicity. Participants’ ethnicity
was coded as 1 for Hispanic and 0 for non-Hispanic.

2.4. Data Analysis

We used Statistical Package for the Social Sciences (SPSS) for our data analysis. Fre-
quency (%) and mean (standard deviation [SD]) were described overall and by race. We
used Pearson Chi-square and independent samples t-test to compare Blacks and White
adolescents. To perform our multivariable analyses, we ran four multivariable linear regres-
sions. The independent variable was the SES indicator (parental education). The outcome
was left lateral OFC activity during the N-Back task. All these models controlled for age,
sex, financial difficulties, and marital status. Model 1 was performed in Whites. Model 2 was
performed in Blacks. Model 3 was performed in the pooled sample without the interaction
term. Model 4 was performed in the pooled sample with the interaction term. We reported
unstandardized regression coefficients (b), standard errors (SE), 95% confidence interval
(CI), t value, and their p-values. Any p-value of less than 0.05 was considered statistically
significant. We did not adjust for multiple comparisons because, despite extensive fMRI
data in the ABCD study, other brain regions’ available data were not analyzed. As we only
analyzed data on lateral OFC function, we kept our p-value threshold as 0.05.

2.5. Ethics

The study protocol of the ABCD study received approval from the Institutional Review
Board (IRB) of the University of California, San Diego. Adolescent participants gave assent.
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Adult participants (parents) signed informed consent [116]. As our analysis applied fully
de-identified data, our study was exempt from a full IRB review by our institution.

3. Results

3.1. Descriptives

Table 1 shows the descriptive characteristics of the 4290 8–11 years old participating
adolescents who were either White (n = 3436; 80.1%) or Blacks (n = 854; 19.9%). This table
also describes the descriptive characteristics of the pooled sample overall and by race.
Black and White adolescents differed in family SES but not age or gender or the left lateral
OFC activity. Compared to White adolescents, Black adolescents were less likely to be from
married families, had lower parental education, and had more financial stress.

Table 1. Descriptive data overall and by race (n = 4290).

All
(n = 4290)

Whites
(n = 3436)

Blacks
(n = 854)

n % n % n %

Ethnicity * a

Non-Hispanic 3582 83.5 2811 81.8 771 90.3
Hispanic 708 16.5 625 18.2 83 9.7

Sex * a

Male 1985 46.3 1581 46 404 47.3
Female 2305 53.7 1855 54 450 52.7

Family Structure * a

Not-Married 1258 29.3 707 20.6 551 64.5
Married 3032 70.7 2729 79.4 303 35.5

Mean SD Mean SD Mean SD

Age (Year) * b 9.49 0.51 9.50 0.50 9.49 0.51
Parental Education * b 0.94 0.15 0.96 0.12 0.87 0.20

Subjective Financial Status * b 16.89 2.48 17.22 2.36 15.56 2.53
the left lateral OFC Function * b 0.50 0.86 0.46 0.69 0.66 1.34

* p < 0.05 for a comparison of Whites and Blacks. a Chi-Square test, b independent samples t-test; OFC: Orbito-Frontal Cortex.

3.2. Race-Specific Associations

Table 2 reports the results of two race-specific models for the N-Back task results in
White and Black children. Model 1 was performed in White adolescents, and Model 2 was
performed in Black adolescents. We found that parental education was associated with left
lateral OFC function during the N-Back task in White but not Black adolescents.

Table 2. Linear regressions by racial group.

Model 1
White

Model 2
Black

b SE 95% CI t p b SE 95% CI t p

Ethnicity 0.04 0.03 0.02 −0.03 0.10 1.11 0.266 −0.06 0.16 −0.01 −0.36 0.25 −0.37 0.708
Sex (Male) 0.06 0.02 0.04 0.01 0.11 2.52 0.012 −0.02 0.09 −0.01 −0.20 0.17 −0.17 0.864

Age −0.09 0.02 −0.06 −0.13 −0.04 −3.73 <0.001 −0.10 0.09 −0.04 −0.27 0.08 −1.06 0.291
Married −0.01 0.03 −0.01 −0.07 0.05 −0.43 0.666 −0.14 0.10 −0.05 −0.34 0.07 −1.32 0.187

Subjective
Financial Status

−0.06 0.10 −0.01 −0.25 0.14 −0.59 0.557 0.04 0.23 0.01 −0.42 0.49 0.17 0.867

Parental education 0.01 0.01 0.04 0.00 0.02 2.22 0.026 −0.03 0.02 −0.06 −0.07 0.01 −1.62 0.105
Constant 1.10 0.25 0.61 1.59 4.38 <0.001 2.08 0.91 0.29 3.87 2.28 0.023

3.3. Overall Associations

Table 3 reports the results of regressions overall. In Model 3, parental education
was not correlated with left lateral OFC activity during the N-Back task. In Model 4,
a significant interaction was found, suggesting that parental education and left lateral

9



Brain Sci. 2021, 11, 401

OFC activity during the N-Back task show a stronger positive association in White than
Black adolescents.

Table 3. Linear regressions overall.

Model 3
Main Effects

Model 4
Main Effects + Interaction

B SE 95% CI t p p b SE 95% CI t p p

Race (Blacks) 0.04 0.03 0.02 −0.03 0.10 1.11 0.266 0.04 0.03 0.02 −0.03 0.10 1.11 0.266
Ethnicity −0.01 0.04 0.00 −0.08 0.07 −0.16 0.875 0.02 0.04 0.01 −0.05 0.09 0.51 0.613

Sex (Male) 0.04 0.03 0.02 −0.01 0.09 1.63 0.103 0.04 0.03 0.03 −0.01 0.10 1.68 0.093
Age −0.09 0.03 −0.05 −0.14 −0.04 −3.54 <0.001 −0.09 0.03 −0.05 −0.14 −0.04 −3.45 0.001

Married −0.05 0.03 −0.03 −0.12 0.01 −1.64 0.102 −0.05 0.03 −0.02 −0.11 0.02 −1.40 0.162
Subjective Financial Status −0.01 0.10 0.00 −0.19 0.18 −0.08 0.933 −0.04 0.12 −0.01 −0.29 0.20 −0.35 0.724

Parental education 0.00 0.01 0.00 −0.01 0.01 0.05 0.960 0.01 0.01 0.04 0.00 0.03 1.83 0.067
Race × Subjective
Financial Status 0.07 0.19 0.03 −0.31 0.44 0.35 0.729

Race × Parental education −0.05 0.01 −0.37 −0.08 −0.02 −3.70 <0.001
Constant 1.36 0.27 0.82 1.90 4.94 <0.001 1.14 0.29 0.58 1.71 3.99 <0.001

4. Discussion

Parental education was associated with White but not Black OFC activity during the
N-Back task. We also found an interaction confirming the same results.

Several studies have explored separate, additive, or multiplicative effects of race and
SES on brain function. Most of these studies, however, have investigated separate effects of
SES and race. There are only a few, if any, on the multiplicative effects of SES and race on
brain development [63,131]. In addition, across SES indicators, the most common indicator
has been poverty status, followed by income [15,32,33]. Parental education attainment has
not been commonly investigated. Regarding brain regions and structures, most research
has studied the amygdala and limbic system [15,32,33], rather than the left lateral OFC.
Finally, many scholars do not wish to explore racial differences in brain imaging and
function to avoid conflict. This is an overly politicized area of research with significant
policy implications. Political correctness has reduced the likelihood of researchers to study
how race and SES interact on brain development.

A study explored the associations between family SES (childhood poverty) and func-
tional connectivity between the following brain regions: The hippocampus, amygdala,
superior frontal cortex, lingual gyrus, posterior cingulate, and putamen. The study showed
that childhood poverty predicts a lower level of connectivity between these regions, and
these reduced brain connectivities mediate the effect of childhood poverty on adolescents’
depression [131]. In a series of fMRI publications, a group of researchers, including Javan-
bakht, established a link between low family SES and functional connectivities between
PFC, amygdala, and other brain regions [15,32,33]. These altered connectivities may be
why low SES is associated with hyperactivation of the reward network and hypoactivation
of the executive network [63]. Thus, the effects of SES and poverty go beyond a particular
brain structure and can be seen for connectivity between several brain structures that
regulate memory, executive functioning, cognition, and emotion [132]. It is still unknown
to what degree the effects of poverty on brain functions are mediated or moderated by
positive parenting [133].

Our study findings suggested that Black adolescents face double jeopardy. While race
is associated with some altered function of the hippocampus, low SES is also another risk
factor for them. There is, however, racial variations in the effects of SES on hippocampus
activation during an N-Back task. For Blacks, low SES may come with a higher impact
on their hippocampus. The more salient effects of low SES on the hippocampus of Black
than White adolescents may be due to the cumulative effects of adversities in the life
of racial and ethnic minorities and underserved populations. Racial discrimination and
race-related stress may also have some role. Racial discrimination has been shown to
impact a wide array of brain regions such as the PFC, anterior insula, putamen, amygdala,
caudate, hippocampus, anterior cingulate, and medial frontal gyrus [134].
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However, our study is not in support of most previous epidemiological studies that
have explored racial differences in the health effects of SES. Many studies have shown more
significant effects of SES on outcomes for White than Black adolescents [87]. For example,
family SES has shown larger effects on ADHD [90], anxiety [98], aggression [96], tobacco
dependence [96], school bonding [135], school performance [83], and overall health [136]
for White than Black adolescents. This epidemiological research introduces family SES as
a more salient determinant of impulsivity for White than Black adolescents [137]. Thus,
we observe poor mental health, physical health, and risk behaviors in high SES Black
adolescents [89,90]. These patterns are described as MDRs and hold across age groups, SES
indicators, and health outcomes [88].

Differential effects of SES for Black and White families contribute to the transgenera-
tional transmission of inequalities [89,96,136]. Differential effects of SES mean that equal
SES generates unequal outcomes for the next generation of adolescents, which means the
reproduction of inequalities across generations for Blacks. However, most of the previous
studies on MDRs have relied on self-reported outcomes and family SES. Thus, the evidence
lacked biological and brain imaging studies that test differential effects of SES on adoles-
cents’ brain function. This paper extended the existing literature by testing such patterns
on brain development.

4.1. Cautionary Note

In this study, we conceptualized and theorized race as a social factor (a proxy of
poverty and SES) on how the brain is affected by low or high SES (parental education).
Our approach is different from studies that explore racial variation in brain function or
structure as such differences are innate and non-modifiable. We believe that the observed
racial differences are more to do with living conditions than genetic predisposition. In this
investigation, we studied the former rather than the latter.

4.2. Future Research Directions

There is a need for identification and elimination of structural causes of MDRs in
Black adolescents and families. Some of the suspects that require future research include
racial segregation, school segregation, stress, or exposure to toxins such as air pollutants
and lead. These environmental factors may have a role in reducing the health effects of
SES for Black families. Labor market discrimination, job availability, discrimination, and
segregation may play a role in this regard. There is a need to compare other racial and
ethnic groups such as Asian Americans, Native Americans, Hispanics, and immigrants for
the effects of SES on the left lateral OFC. Research should also go beyond the left lateral
OFC and include other structures that have implications for emotion regulation, memory,
cognition, learning, and behaviors.

4.3. Limitations

To list the study limitations, one is the cross-sectional design. Due to the design
issue, findings should not and cannot be interpreted as causation but rather an association
between race, SES, and brain development. SES and brain development have bidirectional
associations; thus, future research should also address reverse causation. Second, we
only had two SES indicators, namely parental education and financial difficulties. This is
particularly important because neighborhood and contextual factors could be why parental
education does not generate the same outcome for Black and White families. Third, N-Back
provides insight regarding both emotion regulation as well as working memory. This study,
however, exclusively focused on a brain mechanism that is involved in working memory.

5. Conclusions

In summary, high parental education is correlated with the left lateral OFC activation
during the N-Back task in a national sample of White but not Black American adolescents.
This observation is also supported by an interaction in the pooled sample suggesting that
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the magnitude of parental education’s effect on the left lateral OFC function during the
N-Back task is less pronounced for Black than White adolescents. More research is needed
on the complexities between the effects of race, SES, and social environment on adolescents’
brain development, including but not limited to the left lateral OFC function and other
structures with the implication in decision making, learning, and memory.
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Abstract: Parents interventions are relevant to address autism spectrum disorder (ASD). The objective

of this study is to analyze the importance and evolution of ASD and its relationship with the parents

(ASD-PAR) in the publications indexed in Web of Science. For this, a bibliometric methodology

has been used, based on a scientific mapping of the reported documents. We have worked with an

analysis unit of 1381 documents. The results show that the beginnings of scientific production date

back to 1971. There are two clearly differentiated moments in scientific production. A first moment

(1971–2004), where the production volume is low. A second moment (2005–2019), where the volume

of production increases considerably. Therefore, it can be said that the subject began to be relevant

for the scientific community from 2005 to the present. The keyword match rate between set periods

marks a high level of match between periods. It is concluded that the main focus of the research on

ASD-PAR is on the stress that is generated in families with children with ASD, in addition to the

family problems that the fact that these children also have behavior problems can cause.

Keywords: autism; parent-based intervention; bibliometric analysis; scientific mapping; scimat;

web of science

1. Introduction

Autism spectrum disorder (ASD) is conceived as a series of neurodevelopmental
disorders with a multifactorial nature that affects 1.5% of the world population [1]. This dis-
order has alterations in the social plane [2], in the communicative aspects and in turn
presents repetitive and stereotyped behaviors [3]. However, ASD is not limited only to
that, but also these people have other deficiencies such as limitations in executive function-
ing, sensory perception and attention. They may also present depression, aggressiveness,
challenging actions, emotional problems [4–7]. In this symptomatological line, there are
also people with high levels of anxiety, which is aggravated if the person has a low cogni-
tive level [8,9].

All of the above can be combined with another problem, such as an intellectual
disability and an altered sensory system [10]. In this regard, the sense of touch stands out
as a relevant element in human relationships, the condition of which causes disorders in
the social aspect [11,12]. At a sensory level, people with ASD also present alterations in
the reception of the sound around them [13], as well as in processing the visual stimuli of
the environment [14]. However, the limitations of these people are not only here, on the
sensory level. Moreover, both at the motor level [15], the use of language [16], the use of
writing [17], and at the planning and structuring level of the tasks and actions of daily
life [18], present limitations and alterations. However, not all of its capabilities are affected.
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People with ASD have greater precision in color processing [19] and greater processing of
music than other typically developing people [20].

Expert literature reveals that the gender of these people can be an influencing factor
in their conditions. In this sense, men reflect more restricted and repetitive behaviors and
actions than women. This may be due to a disorder in brain structures, more specifically
those related to social integration and cortico-striatum [21]. Despite these advances, there is
currently no drug that contributes to improving all the disorders presented. Therefore,
the intervention is postulated from a therapeutic perspective [22].

These interventions, if carried out early, can cause an important and significant im-
provement in the deficiencies of these people [23]. In addition, early intervention can
enhance other types of unaffected skills [24,25]. This will contribute to a greater adaptation
to the environment and to carrying out activities of daily life [26]. The nature of these
interventions must be based on observation [27]. In all this, the family plays a fundamental
role, as the agent or group of people closest to the person with ASD. Interventions car-
ried out by the family can have a positive effect on these types of people [28]. Therefore,
families value the fact of being involved in the therapeutic intervention process of their
children [29]. This is currently being a focus under study [30]. However, family members’
knowledge of effective intervention guidelines is limited compared to other experts in
this field of knowledge [31]. This lack of training can trigger behavioral patterns of social
isolation [32]. Likewise, families can not only focus their daily activity on caring for the
member with ASD, but they also have to provide financial support, so the workload is
considerable [33]. Along these lines, families that have children with ASD experience
higher rates of negativity than any other family [34].

Family training is positioned as a primary factor to achieve direct intervention to
improve various indicators related to stress, depression, behavior problems, as well as
improve the mental health of all members of the family unit [25]. These interventions must
pursue quality rather than quantity [35]. State-of-the-art research postulates that adequate
family cohesion can be beneficial to improving the quality of life of family members of
people with ASD [36]. Likewise, the literature also reveals how companion animals can
cause good results in reducing stress, both in people with ASD and in other members of
the family unit [37].

Justification and Objectives

This research analyzes the concept of “autism” in the parental environment (ASD-PAR)
from a bibliometric perspective of the literature [38].

The Web of Science (WoS) has been taken as the database under study, as it is one of
the largest databases in the world on social sciences. The novelty that this work assumes is
the realization of an analysis of the documents published under an innovative technique of
documentary study. In particular, in this research, a performance analysis and scientific
mapping of the reported documents linked to the aforementioned terms has been carried
out. In order to carry out bias-free research, the analytical structure of previous impact
publications has been used to follow a study model validated by experts [39,40].

Specifically, this study is based on analyzing the significance and evolution of ASD-
PAR in the publications indexed in WoS. It was started from an initial search in said
database and no study was reported to the one presented in this work. Therefore, this
research is raised under an exploratory nature in order to reveal to the scientific community
and readers interested in the subject all the progress, evolution and upcoming trends [41].
This work will contribute to the reduction in the literary gap concerning the analyzed terms
and will establish new knowledge bases on the state of the question, as well as start the
path towards future works.

The objectives pursued by this study are: (a) to know the performance of the scientific
production on ASD-PAR in WoS; (b) to determine the scientific evolution on ASD-PAR in
WoS; (c) to discover the most relevant topics about ASD-PAR in WoS; (d) to locate the most
representative authors on ASD-PAR in WoS.
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2. Materials and Methods

2.1. Research Design

For the development of the study and the subsequent achievement of the objectives,
a bibliometric research design was used. This methodology bases its potential in quan-
tifying and comprehensively evaluating scientific documentation [42,43]. The design
presented in this work will allow the efficient search, registration, analysis and prediction
of the existing literature on the subject [44].

Specifically, the design has been based on a co-word analysis [45], as well as the
study of various indices (h, g, hg and q2) [46]. The h index is an indicator that is used
to measure the quality of the scientists’ production according to the number of citations
received in their publications. The g index allows us to delve into the productive analytics
of researchers who have a similar value in the h index. The hg index is a combination of
the previous indices. It allows us to obtain a result that takes into account the potentialities
of the indices “h” and “g” and reduces their drawbacks. Finally, the q2 index is prepared
from a quantitative measure (h index) and another based on the qualitative properties of
the h nucleus [47,48].

The investigative actions carried out will allow the generation of maps with nodes
to represent the performance, the location of the subdomains of the concepts and the
development of the linked topics [49] on ASD-PAR in the WoS database.

2.2. Procedure

The research has been carried out in various phases following the considerations and
protocols of the specialists to carry out a pertinent and methodical study [50–53]. The first
action was to select the database (WoS). Then, the search concepts were specified (autism,
parents, father and mother). Next, the search equation was created: “autism” (TITLE)
AND “mother *” OR “father *” OR “parents” (TITLE). Next, the search process was carried
out in the main WoS collection, in the indices SCI-EXPANDED, SSCI, A & HCI, CPCI-S,
CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED and IC. The starting date of the
search is 1900, which is the time when the database starts to collect manuscripts.

Once the actions of each phase had been carried out, a total of 1572 publications
were reported. This initial number of documents was refined through the establishment
of various criteria [54,55]. The exclusion criteria were: 1—Documents published in 2020.
This is because the year has not yet ended and new documents dated 2020 may be in-
cluded in the coming months (n = 130); 2—Repeated or poorly indexed documents in WoS
(n = 61). After applying these criteria, the final unit of analysis was established in 1381
publications. Figure 1 synthesizes in a flow diagram the actions deployed following the
PRISMA protocol.

In order to present the results of scientific performance and production, a series of
inclusion criteria have been established, which were delimited in: 1—Year of publication
(all production except 2020). The search began in 1900. The first manuscript on this
subject appeared in 1971; 2—Language (x ≥ 20); 3—Publication area (x ≥ 100); 4—Type of
documents (x ≥ 100); 5—Organizations (x ≥ 29); 6—Authors (x ≥ 15); 7—Sources of origin
(x ≥ 40); 8—Countries (x ≥ 100); 9—The four most cited documents (x ≥ 350).

2.3. Data Analysis

The tools used to perform the data analysis were Analyze Results, Creation Citation
Report (programs to collect the year, authorship, country, type of document, institution,
language, medium and most cited documents) and SciMAT (program to carry out the
structural and dynamic development of the documents reported from a longitudinal
perspective). For a correct performance of the tools, the considerations of other previous
works were followed [56,57].
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Figure 1. Flowchart according to the PRISMA Declaration.

With SciMAT, likewise, a co-word analysis was carried out that covered various pro-
cesses [58]. In the recognition process, the keywords (n = 3080) of the entire document
package of the unit of analysis were studied. Afterwards, the co-occurrence node maps
were designed. Next, a normalized network of co-words was generated and the most
significant keywords were selected (n = 2887). Moreover, the most relevant topics and
concepts were compiled with a clustering algorithm. In the process of reproduction, differ-
ent thematic networks and strategic diagrams articulated in four quadrants were created.
Each quadrant, depending on its location, presents a different meaning (upper right = motor
and relevant themes; upper left = deep-rooted and isolated themes; lower left = disappear-
ing or projected themes; lower right = themes of little development and cross-cutting). The
principles of density and centrality intervened in this process. Density measures the inter-
nal strength of the network. Centrality measures the level of connection of a network with
others [59]. For the determination process, the literature reported in different periods was
configured. All this to analyze the evolution of the nodes in different time intervals. In this
work, three periods have been established (P1 = 1971–2012; P2 = 2013–2016; P3 = 2017–
2019). These intervals have been established under the criterion of documentary similarity
between the different periods. To determine the associative strength between the periods,
the number of keywords they contained in common was used as a reference. On the
other hand, for the analysis of authorship, only an interval was established that covers
the entire time period that has marked the publication report (PX = 1971–2019). Finally, in
the performance process, various production indicators connected to their corresponding
inclusion criteria were defined [60]. The analysis unit determines the unit of valuation
on the keywords established by the authors of the publications, as well as the keywords
established by WoS. The frequency threshold reflects the minimum frequency threshold for
keywords that are repeated in each time interval. The network type refers to the network
to be configured (co-occurrence network). The threshold of the co-occurrence union value
establishes the marked periods, according to authors and keywords. The normalization
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measure determines the connection threshold, determining the minimum relationship for
co-occurrence. The normalization measure reveals the measure to normalize the network.
For this, the equivalence index eij was used. This is calculated as follows: eij = cij2/Root
(ci−cj). In a disaggregated manner, cij is the number of coincidences of i and j in the set
of documents, ci is the number of occurrences of i, and cj is the number of occurrences of
j. On the other hand, the clustering algorithm is used to elaborate the map and its links.
The evolutionary measure determines the degree of similarity necessary to elaborate the
evolution map, which is established with the Jaccard index. Finally, for the transition map,
the inclusion rate is used. All these parameters have served for the optimal configuration
of SciMAT (Table 1).

Table 1. Production indicators and inclusion criteria.

Configuration Values

Analysis unit Keywords authors, keywords WoS

Frequency threshold
Keywords: P1 = (4), P2 = (4), P3 = (4)

Authors: PX = (5)
Network type Co-occurrence

Co-occurrence union value threshold
Keywords: P1 = (2), P2 = (2), P3 = (2)

Authors: PX = (3)
Normalization measure Equivalence index: eij = cij2/Root (ci−cj)

Clustering algorithm Maximum size: 9; Minimum size: 3
Evolutionary measure Jaccard index
Overlapping measure Inclusion Rate

3. Results

3.1. Scientific Performance and Production

The evolution of manuscript production in the scientific field of ASD-PAR has two
clearly differentiated moments. Although the search began in 1900, it was not until 1971
that the first manuscripts appeared under the theme of this study. From that date until
2004, the volume of production is relatively low, not exceeding 20 documents per year.
In the second period, which runs from 2005 to 2019, the number of scientific productions
increases gradually and considerably until the present day. Only one evolutionary anomaly
is observed between 2015 and 2017, where there are downward and upward peaks in
scientific production (Figure 2).
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Figure 2. Evolution of scientific production. Note: Y-axis: number of manuscripts; X-axis: dates
of publication.
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The language used in manuscripts about ASD-PAR is mainly English. It is followed,
by far, by French (Table 2).

Table 2. Scientific language of publications.

Languages n

English 1380
French 22

The area of knowledge that houses research on ASD-PAR is developmental psychol-
ogy, although it is closely followed by other areas of knowledge, such as psychiatry and
rehabilitation (Table 3).

Table 3. Areas of knowledge.

Areas of Knowledge n

Psychology developmental 496
Psychiatry 345

Rehabilitation 335
Education Special 289

The type of document used to present the research results are research articles.
This type of document is far from the other typologies (Table 4).

Table 4. Type of document.

Type of Document n

Article 1011
Meeting abstract 170

Book review 141

The main institution in this line of research is the University of California System,
although it is closely followed by the Universities of Wisconsin (Table 5).

Table 5. Institutions.

Institutions n

University of California System 53
University of Winconsin System 44

University of North Carolina 30

There are three authors who stand out in this line of research, namely Seltzer, M.M.,
Ekas, N.V. and Hastings, R.P., with regard to the volume of production (Table 6).

Table 6. Most prolific authors.

Authors n

Seltzer, M.M. 17
Ekas, N.V. 16

Hastings, R.P. 16

Of all the journals compiling studies on ASD-PAR, the Journal of Autism and De-
velopmental Disorders stands out very considerably in terms of volume of production
(Table 7).
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Table 7. Source of origin.

Source n

Journal of Autism and Developmental Disorders 157
Autism 89

Research in Autism Spectrum Disorders 63
Journal of Intellectual Disability Research 47

The country with the highest production volume over ASD-PAR is the United States,
being far away from the rest of the countries (Table 8).

Table 8. Most productive countries.

Countries n

USA 606
England 143
Australia 127
Canada 111

The four most frequently cited manuscripts on ASD-PAR (Table 9) refer to parental
stress in families with young children with ASD with an average age of 26.9 months [61],
to the higher stress in families with students with ASD than other families with children
with other symptoms [62], to the level of well-being in families with students with ASD,
where it is higher in relation to disabilities such as Down’s or Fragile X syndrome [63],
or that those families with students with ASD who present behavioral problems show
higher levels of stress than those families with children with ASD who do not show
behavioral problems [64].

Table 9. Most cited articles on autism spectrum disorder and its relationship with parents (ASD-PAR).

References Citations

[61] 505
[62] 448
[63] 420
[64] 350

3.2. Structural and Thematic Development

The evolution of keywords shows the development of research on a subject of study
according to the keywords used by the authors. In this case, one can observe the keywords
that have been used in a specific period, the keywords that are no longer used in a specific
period, the new keywords that are used in a specific period and the keywords that coincide
between contiguous periods. As can be seen in Figure 3, the percentage of coincidence
between periods is high, being close to 40%. This indicates that research on ASD-PAR is
based on similar lines of research, given that there is coincidence between researchers.

 

Figure 3. Continuity of keywords between contiguous intervals.
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The study of the academic performance of a given field of study analyses the various
bibliometric values shown by the research topics. In this case, in the first period (1971–2012)
the subjects with the most bibliometric values are “Young-children” and “stress”. In the
second period (2013–2016), the themes with the most bibliometric values are “behavior-
problems” and “families”. In the third period, the theme with the most bibliometric values
is “mothers” (Table 10).

Table 10. Thematic performance in ASD-PAR.

Interval 1971–2012

Denomination Works Index h Index g Index hg Index q2 Citations

Adolescents 15 12 15 13.42 23.75 582
Behavior-problems * 44 32 44 37.52 51.54 4423

Diagnosis 24 20 24 21.91 31.3 1145
Family-history 23 21 23 21.98 37.79 1966

Parent-training * 17 12 17 14.28 22.45 778
Patterns 5 5 5 5 13.96 341

Perceptions 11 10 11 10.49 18.44 521
Phenotype 22 18 22 19.9 30.59 1196
Population 4 4 4 4 14.83 209

Positive-perception 3 3 3 3 12.96 227
Predictors 4 4 4 4 25.69 547

Scale 3 3 3 3 6 32
Stress 106 49 84 54.16 69.3 7316

Support 6 5 5 5 20 385
Twin 25 20 25 22.36 41.95 1914

Young-children * 107 52 89 68.03 69.17 8102

Interval 2013–2016

Denomination Works Index h Index g Index hg Index q2 Citations

Access 5 4 5 4.47 13.71 140
Adults 44 17 28 21.82 22.2 878

Behavior 17 9 16 12 13.42 312
Behavior-problems * 127 30 52 39.5 40.62 3360

Broader-autism-
phenotype

14 10 14 11.83 14.83 254

Depression 16 11 16 13.27 17.55 498
Developmental-

disbilities
6 5 6 5.48 8.06 191

Disabilities 16 7 14 9.9 10.58 257
Education 13 9 13 10.82 11.62 198
Families 150 29 51 38.46 39.2 3369

High-functioning-
autism

5 4 4 4 10.77 125

Model 5 4 5 4.47 9.38 71
Pervasive-

develpmental-
disorders

20 11 18 14.07 16.58 556

Program 19 12 19 15.1 18 460
Recognition 3 3 3 3 11.75 144

Toodlers 9 7 9 7.94 10.25 191
Young-children * 43 17 35 24.39 23.32 1309
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Table 10. Cont.

Interval 2017–2019

Denomination Works Index h Index g Index hg Index q2 Citations

Acceptance 5 4 5 4.47 6.63 44
Adjustment 8 3 6 4.24 5.74 59

Affiliate-stigma 20 6 10 7.75 8.12 122
Autism 47 9 13 10.82 12 276
Child 3 2 3 2.45 3.46 12

Children 70 7 11 8.77 10.58 267
Coping 9 4 5 4.47 5.66 36

Impairment 3 3 3 3 3 15
Intervention 66 9 12 10.39 10.39 300

Language 13 3 5 3.87 4.58 35
Mindfulness 30 9 13 10.82 10.82 229

Mothers 220 14 19 16.31 17.15 969
Multiple-incidence 6 3 4 3.46 7.75 49

Needs 4 3 3 3 3.46 13
Parent-training * 9 4 7 5.29 7.21 57

Psychiatric-disorders 16 5 8 6.32 5.92 76
Services 20 7 10 8.37 9.17 122

Social-support 72 9 13 10.82 10.39 363
Young-adults 7 4 7 5.29 8.94 70

Note: (*): Themes repeated in different periods.

Strategic diagrams provide information on the relevance of a theme in a given time
period. Figure 4 shows the position of the different themes, showing the index h, and taking
into account both the external connection force (centrality) and the internal connection
force (density).

In the first period (1971–2012), the driving themes are “adolescents”, which are related
to “adults”, “depressed-Mood”, “expressed-emotion”, “quality”, “validity”, “reliability”,
“schizophrenia” and “symptoms”; “phenotype, which relates to “brain”, “deficits”, “disor-
ders”, “personality-characteristics”, “pervasive-developmental-disorders”, “psychiatric-
disorders”, and “weak-central-coherence”; “twin”, which relates to “broad-autism-phenotype”,
“children”, “genetics”, “history”, “individuals”“infantile-autism”, “personality” and “traits”;
“behavior-problems”, which relates to “fathers”, “family-stress”, “intellectual-disability”,
“maternal-stress”, “mental-health”, “parenting-stress”, “preschool-children” and “syndrome-
specificity”; “stress”, which relates to “adjustment”, “coping”, “depression”, “families”,
“health”, “mothers”, “parents” and “social-support”; and “Young-children”, which relates
to “autism”, “behavior”, “communication”, “disabilities”, “Down-Syndrome”, “interven-
tion”, “mental-retartion” and “spectrum-disorders”. In this period, research is focused
on the behavioral problems of children with ASD, stress in families, in young children
and adolescents.

In the second period (2013–2016), the motor themes are “behavior-problems”, which
is related to “Down-Syndrome”, “intellectual-disability”, “mental-health”, “mothers”,
“parenting-stress”, “preschool-children”, “stress” and “syndrome-specificity”; “families”,
which is related to “adjustment”, “autism”, “autism-spectrum-disorders”, “fathers”, “im-
pact”, “marital-satisfaction” and “parents”; “Young-children”, which relates to “double-
abcx-model”, “intervention”, “joint-attention”, “meta-analysis”, “school-age-children”,
“skills”, “social-support” and “support”; “adults”, which relates to “adolescents”, “Asperger-
syndrome”, “children”, “gender”, “health”, “positive-perceptions”, “prevalence” and
“validity”; and “pervasive-developmental-disorders”, which relates to “coping-strategies”,
“diagnosis”, “parental-stress”, “population”, “randomized-controlled-trial”, “spectrum-
disorders”, “symptom-severity” and “traits”. During this period, the focus is on behavioral
problems, families, and people of various ages with ASD and generalized developmen-
tal disorders.
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In the third period (2017–2019), the motor themes are “mothers”, which is related to
“autism-spectrum-disorder”, “families”, “fathers”, “mental-health”, “parents”, “preschool-
children”, “quality-of-life” and “stress”; “affiliate-stigma”, which relates to “stigma”,
“people”, “caregivers”, “family-caregivers”, “intellectual-disability”, “perceptions” and
“psychological-distress”; “services”, which relates to “advocacy”, “anxiety”, “awareness”,
“behaviour-problems”, “care”, “decreases-aggression”, “depression”, “disparities”, “ed-
ucation”, “health”, “health-care” and “meta-synthesis”; “mindfulness”, which relates to
“parent-intervention”, “program”, “stress-reduction” and “therapy”; “children”, which
relates to “adolescents”, “ASD”, “diagnosis”, “individual”, “prevalence”, “risk-factors”,
“transition” and “youth”; and “social-support”, which relates to “ASD”, “developmental-
disabilities”, “disabilities”, “Down-Syndrome”, “parenting-stress”, “impact”, “predictors”
and “satisfaction”. In other words, during this period, the focus is more on the care, services
and social support that families and people with ASD can receive. In addition, the themes
of “child”, “needs”, “parent-training” and “Young-adults” must be taken into account
during this period, as they are considered to be unknown themes. In other words, they may
disappear from the lines of research, or become the driving forces of the coming years in
the field of research.

3.3. Thematic Evolution of Terms

The thematic evolution of a field of knowledge shows the relationship that is estab-
lished between the different subjects in contiguous periods. This gives an idea of the
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different lines of research established in a specific research topic. The type of relation-
ship that can be established between the topics can be conceptual and non-conceptual.
The conceptual relationship occurs when two themes share common constructs. The non-
conceptual relationship is generated when the two topics do not share keywords in common.
The conceptual relationship is represented by a solid line. The non-conceptual relationship
is shown with dashed lines. The size of the line indicates the number of relationships
(the thicker the line, the greater the relationship).

In the field of study of ASD-PAR, it can be indicated that a conceptual gap exists.
In other words, there is not one theme that is repeated in all three periods. This indicates
a variety of themes in the fields of study undertaken. This does not mean that there
are not diverse lines of research over time. In this case, two can be highlighted, on the
one hand the line “behavior_problems-behavior_problems-mothers” and “stress-families-
mothers”. That is, the lines of research established over time focus mainly on behavioral
problems and their repercussions on families, and on the stress generated in the family
environment by living with a person with ASD. In addition, Figure 5 shows that there are
more conceptual than non-conceptual relationships, which shows the strong relationship
between the various topics. It can also be seen that between the second and third periods
several lines of research are being established, which may set the trend for study in the
coming years.

Figure 5. Thematic evolution by h-index.

3.4. Authors with the Highest Relevance Index

Taking into account the authors in the ASD-PAR field of study, it can be indicated that
those considered as drivers are Estes, A., Toret, G. and González-Bono, E. Although, due to
their location in the diagram, we must take into consideration Chen, L.S., Seltzer, M.M.
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and Zwaigenbaum, L., because they may become the relevant authors in this field of study
(Figure 6).

 

–
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–

Figure 6. Strategic author diagram of the entire production.

4. Discussion

The actions of family members acquire a relevant value when it comes to intervening
and treating people with ASD [28,29]. The literature shows a pronounced interest in
carrying out studies that represent an advance in this field of knowledge [30]. In this
sense, research reports effective mechanisms and actions to address this disorder in the
best possible way [25,31–37]. With the completion of this study, we have tried to analyze
all the literature concerning ASD and the family environment, in order to report the most
significant and relevant findings that the scientific community has obtained on the state of
the matter.

The performance and production analysis on ASD-PAR in WoS allows to establish a
profile on this field of study. In this case, it can be indicated that the beginnings of scientific
production in Wos date back to 1971. There are two clearly differentiated moments in
scientific production: a first moment (1971–2004), where the volume of production is low,
and a second moment (2005–2019), where the volume of production increases considerably.
It can therefore be said that the subject matter began to be relevant for the scientific
community from 2005 to the present day. The manuscripts are presented in the form
of articles, which indicates that this field of study is well established in the scientific
community, in English and in the Journal of Autism and Developmental Disorders. The area
of knowledge where this type of study is compiled is developmental psychology. Analyzing
the following areas of knowledge, it can be seen that studies on ASD-PAR are oriented
towards the psychological and rehabilitative support of families who have children or
relatives with ASD. The main institution conducting research on ASD-PAR is the University
of California System. However, the volume of the University of Wisconsin System is
noteworthy in this regard. In this case, the first places are occupied by universities in the
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United States, which happens to be the country with the highest volume of production.
In relation to the authors, it is necessary to bear in mind several premises. On the one
hand, there are those with a higher rate of production, including Seltzer, M.M., Ekas, N.V.
and Hastings, R.P. On the other hand, there are the most relevant within the scientific
community, in this case Estes, A., Toret, G. and González-Bono, E. Finally, the authors
Chen, L.S., Seltzer, M.M. and Zwaigenbaum, L., should be taken into consideration as they
are probably the most relevant in the near future. The most cited article is by [56] and the
lines of research of the most cited articles focus on the stress and well-being of families
with children with ASD.

The index of key word coincidence between the established periods marks a high level
of coincidence between periods, which shows a high degree of agreement on the existing
lines of research on the subject of ASD-PAR. The academic performance indicates that there
is no single subject that presents high bibliometric values in the three periods analyzed.
In general, it is shown that stress, behavioral problems, families and mothers are the most
relevant research topics in the field of study of ASD-PAR.

The study developed also indicates that there is no theme that is repeated, as a motor
theme, in the three established time diagrams. However, similar themes of study are visu-
alized, which focus on stress in the family, mothers, behavioral problems of people with
ASD and the problems of people with ASD at different ages. This is specifically reflected
in each of the established time periods. In the first period (1971–2012), motor issues were
focused on “Twin”, “behavior-problems”, “stress”, “young-children”, “adolescents” and
“phenotype”. In other words, on the behavioral problems presented by children with
ASD, the stress of families and on the children and adolescents themselves. In the second
period (2013–2016), the motor themes were oriented towards “behavior-problems”, “fami-
lies”, “young-children”, “adults” and “pervasive-developmental-disorders”. This means
behavioral problems, families, people of various ages with ASD and generalized devel-
opmental disorders. In the last period (2017–2019) the driving themes are “mothers”,
“affiliate-stigma”, “mindfulness”, “services”, “children” and “social support”. In other
words, in this period, the driving themes are more oriented towards the care, action services
and social support that families and people with ASD can receive.

If we look at the thematic evolution of the studies on ASD-PAR, we can see that there
is a conceptual gap, although two clearly defined and time-based lines of research can be
observed, such as “behavior_problems-behavior_problems-mothers” and “stress-families-
mothers”. In this case, it can be said that the research is oriented towards behavioral
problems and their impact on families, and the stress generated in the family environment
by living with a person with ASD.

5. Conclusions

It is concluded that the field of study on ASD-PAR began in WoS in 1971, but it was
not until 2005 that it began to be relevant and interesting for the scientific community.
The main focus of research on ASD-PAR is on the stress that is generated in families that
have children with ASD, in addition to the family problems that can result from the fact
that these children also have behavioral problems.

The limitations of this study focus on the purification of the database, since the
researchers of this manuscript have had to read each of the documents, in order to properly
apply the PRISMA protocol. Another of the limitations focuses on the debugging of the
database, given that badly written or badly expressed key words must be modified or
eliminated. Finally, the inclusion criteria can be considered, which have been established
from the perspective of the researchers themselves, from their experience and with the
intention of showing the most relevant information on this field of study. The future line of
research derived from this investigation focuses on developing studies focused on families
who have children with ASD, broadening the field of knowledge.
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6. Theoretical and Practical Implications

This study has a number of theoretical and practical implications. Among the theo-
retical implications are the broadening of the field of knowledge about ASD-PAR. Until
now, no such research has been carried out. This research provides clear information on
the lines of study established by the scientific community. In addition, it presents a specific
profile of this type of research. Another of the theoretical implications is that the most
recent research has been compiled in order to prepare the introduction to this manuscript,
offering up-to-date and high-impact information on the research carried out in this field of
study. Amongst the practical implications, this work allows those groups responsible for
attending to families with children with ASD to provide information on where the lines
of study are heading, as well as offering data on the most relevant authors in this field of
knowledge. Likewise, in the development of the different analyses, information is offered
on various methods and actions to attend to families with children with ASD.
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Abstract: Background. Considerable research has linked social determinants of health (SDoHs) such
as race, parental education, and household income to school performance, and these effects may be in
part due to working memory. However, a growing literature shows that these effects may be complex:
while the effects of parental education may be diminished for Blacks than Whites, household income
may explain such effects. Purpose. Considering race as sociological rather than a biological construct
(race as a proxy of racism) and built on Minorities’ Diminished Returns (MDRs), this study explored
complexities of the effects of SDoHs on children’s working memory. Methods. We borrowed data
from the Adolescent Brain Cognitive Development (ABCD) study. The total sample was 10,418,
9- and 10-year-old children. The independent variables were race, parental education, and household
income. The primary outcome was working memory measured by the NIH Toolbox Card Sorting
Test. Age, sex, ethnicity, and parental marital status were the covariates. To analyze the data, we used
mixed-effect regression models. Results. High parental education and household income were
associated with higher and Black race was associated with lower working memory. The association
between high parental education but not household income was less pronounced for Black than
White children. This differential effect of parental education on working memory was explained
by household income. Conclusions. For American children, parental education generates unequal
working memory, depending on race. This means parental education loses some of its expected
effects for Black families. It also suggests that while White children with highly educated parents
have the highest working memory, Black children report lower working memory, regardless of their
parental education. This inequality is mainly because of differential income in highly educated
White and Black families. This finding has significant public policy and economic implications and
suggests we need to do far more than equalizing education to eliminate racial inequalities in children’s
cognitive outcomes. While there is a need for multilevel policies that reduce the effect of racism and
social stratification for middle-class Black families, equalizing income may have more returns than
equalizing education.

Keywords: socioeconomic status; socioeconomic position; memory; working memory; social determinants
of health; population groups
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1. Background

Working memory is believed to be a core element of human cognition. Baddeley’s original work on
the multiple-component model [1] and executive function conceptualizes working memory as people’s
ability to bring information “online”, which is core to thinking and thought. Working memory is our
ability to hold information in short-term memory and maintain the required information “in mind”
while processing them [2]. Over the past decades, working memory has received much scientific
interest, which has resulted in a large body of empirical evidence. This research suggests that working
memory is essential for cognitive tasks, math ability, and school performance. Working memory is
closely associated with executive functioning [3] and is mainly performed in higher cortical areas,
especially the prefrontal cortex (PFC) [4]. Because of the close correlation with cognitive tasks,
working memory is believed to be the primary determinant of children’s educational success [5–8].

With cognitive flexibility and inhibitory control, working memory is a part of the executive function,
also called cognitive control [9,10]. Executive function refers to the top-down neurocognitive processes
involved in the conscious, goal-directed control of thought, action, and emotions. Effective executive
function and functional working memory are both reliant upon the integrity of neural networks
involving the prefrontal cortex (PFC), the anterior cingulate cortex, and other regions [11–13],
and they are required for keeping the information in mind, attending selectively, ignoring distractions,
and solving problems flexibly [14].

High socioeconomic status (SES) is associated with better school performance [15] and working
memory [16–18]. These are in line with the overall positive effects of high SES on childhood cognition,
emotions, and behaviors [19]. For example, children from higher SES families are less likely to show
school drop-out [20] and emotional [21–23] and behavioral problems [24,25]. These SES effects are
non-specific and are attributed to the protective effects of resources and lower stress in childhood.

The SES–memory/health scarcity hypothesis can be seen through SES effects on healthy children’s
brain development. According to the scarcity hypothesis, low SES is a proxy of early adversity,
stress, economic insecurity, and lack of resources, increasing the risk of low child development. In this
view, stress, adversity, and scarce resources explain the SES–brain development link [26]. Low parental
education and household income are proxies of living in stressful environments, food insecurity,
environmental toxins, and parental risk behaviors that can jeopardize healthy brain development
in children [27–29]. As a result of inadequate brain development, children from low SES are at an
increased risk of poor memory, emotion regulation, learning disorders, and psychopathology [30–32].
In contrast, children from high SES backgrounds experience less stress and have more access to
stimulating environments and better parenting [33–35].

According to the Minorities’ Diminished Returns (MDRs) [36,37], Black and White families differ
in the protective effect of high SES on health outcomes. Compared to their White counterparts,
Black children show lower parental education effects on a wide range of developmental outcomes [38],
such as school performance [38], mental health [39], emotion regulation [40,41], aggression [42],
and substance use [39,43]. While income may also generate differential effects for Black and White
children [44], most research has shown that parental education generates fewer Blacks outcomes than
Whites [45–49].

MDRs are not due to behaviors or personalities but societal barriers. For Black families, high SES
increases vulnerability to the effect of discrimination, meaning that if discrimination occurs, it is more
likely to result in depression [50]. High SES is also associated with high discrimination, which is partly
due to the increased proximity of high SES Blacks to Whites [51,52]. High SES Black families experience
higher discrimination because they are at higher proximity to White people [51–54]. The positive link
between SES and discrimination [51,52,55–58] reduces high SES Black families’ health. As a result,
SES effects are weaker for Blacks than Whites.

Research has established racial/ethnic differences in each SES indicator’s role in children’s brain
development [33,59–61]. In several studies, the magnitude of parental education’s effects on a wide
range of developmental and health outcomes is weaker for Blacks than Whites [49,55,58,62–66]. As a
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result of MDRs, middle-class ethnic minority children remain at risk for poor developmental and
health outcomes [45,67–70]. For example, high SES Black children remain at risk of anxiety [71],
depression [44], poor health [62], poor school performance [72,73], and high-risk behaviors [45]
such as aggression [45] and tobacco use [74,75]. Differential effects of SES across racial and ethnic
groups of children are robust [49,62,63,76,77]. Data from the Fragile Families and Child Wellbeing
Study (FFCWS) shows that high parental education and family income is associated with better
outcomes in impulsivity, school performance, school bonding, attention-deficit/hyperactivity disorder
(ADHD), obesity, aggression, depression, and self-rated health for White children than Black American
children [69,77–79]. Subjective SES and parental education each impact brain imaging findings in a
certain way [33,59–61]. Various SES indicators may also be the underlying mechanisms by which racial
and ethnic disparities emerge in children’s development [49,62,80].

At least some of the effects of high SES on school performance [81] can be attributed to the role of
family SES on structure and function of the brain [33] and SES effect on memory [82–84]. Many brain
structures, such as the amygdala [33,60,85], hippocampus [86], and PFC, carry the effects of SES on
cognitive and behavioral outcomes. The amygdala is more involved in emotion regulation [87–91],
while the hippocampus [86] and PFC [92–94] are more involved in cognitive tasks, executive function,
and memory.

Aims

To investigate the complexities of social determinants of children’s brain development in the US,
we explored racial variation in the effects of two family SES indicators, namely parental education
and household income, on working memory among 9- and 10-year-old children. We expected racial
differences in the magnitude of the association between parental education on working memory, in line
with the observed MDRs [36,37,45]. More specifically, we expected the weaker effects of parental
education on working memory for Black than White children. This expectation is in line with the other
research on a wide range of phenotypes and behaviors [36,37,45].

2. Methods

2.1. Design and Settings

This secondary analysis was a cross-sectional analysis of the baseline data of the ABCD
study [95–99]. ABCD is a national, state-of-the-art brain imaging study of childhood brain
development [95,100].

2.2. Participants and Sampling

The ABCD study sample was recruited from 21 cities across states. ABCD sampling was primarily
through school systems. For sampling in the ABCD study, school selection was informed by race,
ethnicity, sex, SES, and urbanicity [101]. Inclusion criteria were having data on our variables.
Participants could be included regardless of race or ethnicity (n = 10,418). As this is a general
population study of children, participants have been enrolled regardless of their psychopathologies.
That means participants were not included or excluded from the sample based on the presence
of psychopathology.

2.3. Study Variables

2.3.1. Primary Outcome

The primary outcome was working memory, measured by NIH Toolbox, the Dimensional Change
Card Sort [102]. This measure [103] has shown high reliability and validity [9,104]. The NIH Toolbox
card-sorting test is a part of the NIH Toolbox Cognition Battery (NIHTB-CB). This measure evaluates
the executive function. The NIHTB-CB is designed for use in epidemiologic studies and clinical

37



Brain Sci. 2020, 10, 950

trials for ages 3 to 85. Some studies have documented very acceptable psychometric properties
of the NIHTB-CB and card sort test. These are computer-based instruments assessing executive
function: the Dimensional Change Card Sort, which measures cognitive flexibility, and a flanker
task, which measures inhibitory control and selective attention. These measures show convergent
and discriminant validity and correlate with SES. These measures also show excellent sensitivity to
age-related changes during adulthood, excellent test-retest reliability. As a result, the Dimensional
Change Card Sort can be used effectively in epidemiologic and clinical studies. Our outcome was a
continuous variable in this study, with a higher score indicating higher cognitive flexibility [103,105].

2.3.2. Independent Variable

Parental Educational Attainment. Participants reported their years of schooling. This variable was
operationalized as a five-level nominal variable: less than a high school diploma, high school diploma,
some college, bachelor degree, graduate studies.

Household Income. Parents reported their overall annual income. This was a three-level nominal
variable: <$50,000, $50,000–$100,000, and $100,000+.

2.3.3. Moderator

Race. Race was reported by parents, and operationalized as a nominal variable: Black, Asian,
Other/Mixed, and White (reference group).

2.3.4. Confounders

Ethnicity. Parents were asked if they were of Latino ethnic background. This variable was coded
as Latino = 1 and non-Latino = 0.

Age. Age was a dichotomous variable coded 1 or 0 for 10 years and 9 years of age. Parents reported
the age of the children.

Sex. Sex was 1 for males and 0 for females.
Parental marital status. Parental marital status was 1 for married and 0 for any other condition

(reference).

2.4. Data Analysis

We used SPSS for data analysis. Frequencies (n and %) and mean [standard deviations (SDs)]
were reported for descriptive purposes. To estimate bivariate associations between the study variables,
we used the Chi-square and Analysis of Variance (ANOVA) test in the pooled sample. To perform
our multivariable analyses, we performed mixed-effects regressions. First, we tested the assumptions.
We excluded collinearity between the study variables. We also tested the distribution of our outcome
and error terms and quantiles (Figure 1). We ran six models. All models were performed in the pooled
sample. Model 1 to Model 3 did not have interaction effects. Model 1 had education but not income.
Model 2 had income but not education. Model 3 had both education and income. Model 4 had interactive
effects of education and race but not income. Model 5 had interactive effects of income and race. Model 6

had interactive effects of race and education and also controlled for income. Box 1 lists our model
formulas. Unstandardized regression coefficient (b), standard error (SE), and p-values were reported
for each model. A p-value of equal or less than 0.05 was significant.
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Figure 1. Cont.
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Figure 1. Testing our model’s assumptions: (a) distribution of our outcome, (b) residuals, and
(c) quantiles.

Box 1. Model Formula.

Model 1
nihtbx_cardsort_agecorrected ~ race.4level + sex + age +married.bl + hisp + high.educ.bl
Model 2
nihtbx_cardsort_agecorrected ~ + race.4level + sex + age +married.bl + hisp + household.income.bl
Model 3
nihtbx_cardsort_agecorrected ~ + race.4level + sex + age +married.bl + hisp + high.educ.bl + household.income.bl
Model 4
nihtbx_cardsort_agecorrected ~ + race.4level + sex + age +married.bl + hisp + high.educ.bl + high.educ.bl ×

race.4level
Model 5
nihtbx_cardsort_agecorrected ~ + race.4level + sex + age +married.bl + hisp + high.educ.bl + high.educ.bl ×

race.4level + household.income.bl
Model 6
nihtbx_cardsort_agecorrected~ race.4level + sex + age +married.bl + hisp + high.educ.bl + household.income.bl
+ high.educ.bl × race.4level
Random: ~(1|abcd_site/rel_family_id)

2.5. Ethical Aspect

Our analysis was exempt from a full review. However, the ABCD study protocol was approved
by the University of California, San Diego (UCSD) Institutional Review Board (IRB) [100].

3. Results

3.1. Descriptives

The sample included 10,418 9- and 10-year-old children. Our participants were White
(n = 6897; 66.2%), Black (n = 1515; 14.5%), Asian (n = 234; 2.2%), or other/mixed race (n = 1768;
17.0%). Card sorting was significantly different across racial groups. While Asian and White children
had the highest card sorting scores, Black children scored worst in card sorting (Table 1).
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Table 1. Presents the descriptive statistics of the pooled sample and by race.

Level All White Black Asian Other/Mixed p

n = 10,414 n = 6897 n = 1515 n = 234 n = 1768
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (Months) 118.96 (7.46) 119.03 (7.49) 118.89 (7.23) 119.40 (7.77) 118.65 (7.51) 0.187

Card Sorting Score 97.10 (15.26) 98.29 (15.07) 91.31 (13.98)
102.36
(17.94)

96.73 (15.46) <0.001

n (%) n (%) n (%) n (%) n (%)

Parental education
<HS Diploma 385 (3.7) 145 (2.1) 123 (8.1) 6 (2.6) 111 (6.3) <0.001

HS Diploma/GED 862 (8.3) 327 (4.7) 340 (22.4) 3 (1.3) 192 (10.9)
Some College 2674 (25.7) 1462 (21.2) 600 (39.6) 18 (7.7) 594 (33.6)

Bachelor 2766 (26.6) 2057 (29.8) 230 (15.2) 65 (27.8) 414 (23.4)
Post Graduate Degree 3727 (35.8) 2906 (42.1) 222 (14.7) 142 (60.7) 457 (25.8)

Household Income
<50 K 2997 (28.8) 1259 (18.3) 999 (65.9) 36 (15.4) 703 (39.8) <0.001

>= 50 K & <100 K 2974 (28.6) 2104 (30.5) 335 (22.1) 54 (23.1) 481 (27.2)
>= 100 K 4443 (42.7) 3534 (51.2) 181 (11.9) 144 (61.5) 584 (33.0)

Latino
No 8451 (81.2) 5737 (83.2) 1439 (95.0) 215 (91.9) 1060 (60.0) <0.001
Yes 1963 (18.8) 1160 (16.8) 76 (5.0) 19 (8.1) 708 (40.0)

Sex
Female 4996 (48.0) 3254 (47.2) 760 (50.2) 117 (50.0) 865 (48.9) 0.128
Male 5418 (52.0) 3643 (52.8) 755 (49.8) 117 (50.0) 903 (51.1)

Married Family
No 3165 (30.4) 1415 (20.5) 1058 (69.8) 33 (14.1) 659 (37.3) <0.001
Yes 7249 (69.6) 5482 (79.5) 457 (30.2) 201 (85.9) 1109 (62.7)

3.2. Regression Results

Tables 2 and 3 report the results of six pooled sample mixed-effects regression models. All models
are significant. Effect sizes as shown in Table 2. Model 1, which only included the main effect of
race and parental education and covariates, showed that high parental education is associated with
higher working memory. Model 2 showed that high income is associated with higher working memory.
Model 3 showed that parental education and household income have both associations with working
memory. Model 4 showed that parental education and race interact, meaning that parental education’s
boosting effect on working memory was less pronounced for Black than White children. Model 5 did
not show an interaction between race and household income. Model 6 showed that household income
explains why parental education and race interact with our outcome. (Figures 2–5).

Table 2. Effect sizes and % variance explained.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

n 11,315 10,418 10,414 10,418 11,315 10,414
R-squared 0.0454 0.03947 0.04545 0.03963 0.04696 0.04681
∆R-squared 0.01244 0.00804 0.0062 0.02256 0.02922 0.01717
% Variance 1.24% 0.8% 0.62% 2.26% 2.92% 1.72%
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Table 3. Mixed-effects regressions in the pooled sample (n = 10418).

Characteristics b SE p Sig

Model 1
Parental Education (HS Diploma) 1.58 0.83 0.056 #
Parental Education (Some College) 2.86 0.75 <0.001 ***
Parental Education (Bachelor) 4.84 0.78 <0.001 ***
Parental Education (Graduate Degree) 6.69 0.77 <0.001 ***

Model 2
Household Income (50–100 K) 3.02 0.44 <0.001 ***
Household Income (100 + K) 4.20 0.46 <0.001 ***

Model 3
Parental Education (HS Diploma) 0.95 0.94 0.311
Parental Education (Some College) 2.04 0.85 0.017 *
Parental Education (Bachelor) 3.46 0.91 <0.001 ***
Parental Education (Graduate Degree) 5.18 0.92 <0.001 ***
Household Income (50–100 K) 2.21 0.52 <0.001 ***
Household Income (100 + K) 1.88 0.47 <0.001 ***

Model 4
Household Income (50–100 K) 3.92 0.56 <0.001 ***
Household Income (100 + K) 2.82 0.57 <0.001 ***
Race (Black) −4.96 0.69 <0.001 ***
Race (Asian) 3.76 2.55 0.140
Race (Other/Mixed) −0.77 0.72 0.284
Household Income (50–100 K) × Black 0.26 1.11 0.818
Household Income (100 + K) × Black 0.66 1.34 0.624
Household Income (50–100 K) × Asian −2.18 3.27 0.505
Household Income (100 + K) × Asian −0.08 2.84 0.977
Household Income (50–100 K) × Other/Mix 0.66 1.05 0.527
Household Income (100 + K) × Other/Mix 0.86 0.99 0.385

Model 5
Parental Education (HS Diploma) 3.49 1.31 0.008 **
Parental Education (Some College) 3.87 1.14 0.001 ***
Parental Education (Bachelor) 6.30 1.15 <0.001 ***
Parental Education (Graduate Degree) 7.55 1.14 <0.001 ***
Race (Black) −1.77 1.66 0.286
Race (Asian) 1.86 5.64 0.742
Race (Other/Mixed) 0.49 1.64 0.768
Parental Education (HS Diploma) × Black −4.45 1.94 0.022 *
Parental Education (Some College) × Black −2.44 1.77 0.169
Parental Education (Bachelor) × Black −3.62 1.93 0.060 #
Parental Education (Graduate Degree) × Black −2.92 1.94 0.132
Parental Education (HS Diploma) × Asian −11.19 9.30 0.229
Parental Education (Some College) × Asian 0.62 6.63 0.926
Parental Education (Bachelor) × Asian −1.26 5.90 0.831
Parental Education (Graduate Degree) × Asian 1.83 5.76 0.751
Parental Education (HS Diploma) × Other/Mix −1.34 2.07 0.517
Parental Education (Some College) × Other/Mix −0.81 1.79 0.650
Parental Education (Bachelor) × Other/Mix −2.32 1.82 0.203
Parental Education (Graduate Degree) × Other/Mix 0.80 1.80 0.659

Model 6
Parental Education (HS Diploma) 2.58 1.51 0.089 #
Parental Education (Some College) 2.80 1.35 0.038 *
Parental Education (Bachelor) 4.71 1.37 0.001 ***
Parental Education (Graduate Degree) 5.86 1.37 <0.001 ***
Household Income (50–100 K) 1.85 0.47 <0.001 ***
Household Income (100 + K) 2.14 0.52 <0.001 ***
Race (Black) −2.34 1.89 0.216
Race (Asian) 2.09 6.16 0.735
Race (Other/Mixed) 0.80 1.89 0.673

42



Brain Sci. 2020, 10, 950

Table 3. Cont.

Characteristics b SE p Sig

Parental Education (HS Diploma) × Black −3.60 2.20 0.101
Parental Education (Some College) × Black −1.23 2.01 0.542
Parental Education (Bachelor) × Black −2.74 2.16 0.203
Parental Education (Graduate Degree) × Black −1.86 2.16 0.389
Parental Education (HS Diploma) × Asian −10.60 10.58 0.316
Parental Education (Some College) × Asian 0.27 7.09 0.969
Parental Education (Bachelor) × Asian −1.36 6.44 0.833
Parental Education (Graduate Degree) × Asian 2.11 6.29 0.738
Parental Education (HS Diploma) × Other/Mix −1.16 2.33 0.620
Parental Education (Some College) × Other/Mix −1.00 2.03 0.621
Parental Education (Bachelor) × Other/Mix −2.36 2.06 0.252
Parental Education (Graduate Degree) × Other/Mix 0.52 2.04 0.800

# p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 2. Parental education effects overall.
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Figure 3. Income effects overall.
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Figure 4. Parental education across groups.
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Figure 5. Income effects across groups.

4. Discussion

This study had three primary findings. Although higher parental education and household
income predicted higher working memory (1st finding), parental education and household income
showed weaker effects on Black children than White children’s working memory (2nd finding).
Third, income differentials (lower income levels of Black families with the same parental education
and family structure) explain why parental education shows a weaker effect on working memory for
Black than White children (3rd finding).

Our first results can be compared with the literature on the protective effects of high SES on
children’s cognitive outcomes [106]. A large body of literature has also documented poor educational
outcomes in low SES than high SES children [107–110]. High SES is associated with better school
performance [15] and working memory [16–18]. Literature has shown the effects of family SES
indicators such as poverty and household income on the brain [111] and behavior [33,59–61,112].
The SES–health link may be because SES is a proxy of stress, adversities, trauma. Thus, many brain
structures such as PFC, hippocampus, and amygdala [85,113–122] correlate with SES. The prefrontal
cortex [33], hippocampus [86], and amygdala [123] have been shown to be under the influence of
trauma. SES impacts reduced connectivity in neural networks involved in memory and emotion
regulation [124]. In a recent study by Brody et al., data of 119 African American youths living in
the rural South were used. The study measured poverty status and supportive parenting at ages
11–13 and 16–18. The study conducted brain imaging at age 25. This study applied resting-state fMRI
to study two brain networks’ functional connectivity: (1) central-executive and (2) emotion-regulation.
The authors found that more years spent in poverty was associated with lower levels of connectivity
in both neural networks; however, this was more robust among young adults who received low
levels of supportive parenting. The study did not show an effect of income on connectivity in the
presence of high levels of positive and supportive parenting [124]. In a study that analyzed data from
a prospective longitudinal study of emotion development showed that lower income-to-needs ratio at
preschool age was associated with reduced connectivity between hippocampus and amygdala and
several regions at school age, including the cortex, lingual gyrus, posterior cingulate, and putamen.
This study included preschoolers 3–5 years of age selected from the St. Louis area. Participants were
followed for up to 12 years. Individuals underwent annual behavioral assessments. Participants also
underwent neuroimaging at school age to measure brain resting-state functional connectivity with the
left and right hippocampus and amygdala. This study showed that a lower income-to-needs ratio
predicted a greater connectivity between the left hippocampus and the right superior frontal cortex
and between the right amygdala and the right lingual gyrus. As this study showed, brain functional
connectivity mediated the relationship between SES and depression [125]. Thus, low SES predicts
reduced connectivity between the amygdala and hippocampus with brain regions, including the
lingual gyrus, superior frontal cortex, posterior cingulate, as well as putamen [125]. Social adversities
have cumulative (additive) effects on brain structures and functions that govern emotion regulation [85]
and memory [126]; however, these effects may differ across demographic groups [60]. In part, these are
due to parents’ health [127] and behaviors [128].

While our first finding documented a link between SES and working memory, our second
suggested that this effect differed across demographic groups. Most of the literature on the effects of
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race, parental education, and income on memory have focused on additive rather than multiplicative
effects of SES indicators and race. Our second finding can also be seen as a reflection of the MDRs.
Many studies have shown more significant effects of SES on outcomes for White than Black American
children [49,62,129]. For example, family SES has shown larger effects on ADHD [79], anxiety [71],
aggression [45], tobacco dependence [45], school bonding [130], school performance [73,131],
obesity [69], and health [68] for White than Black American children.

As a result of our second finding, parental education shows a more salient role in shaping White’s
impulsivity than Black American children [67]. As a result of this pattern, higher than expected
risk of poor self-rated health, obesity, poor mental health, chronic disease, impulsivity, aggression,
smoking, and low school performance are observed in high SES Black American children [69,77,79].
These patterns are also called MDRs and seem robust as they hold across SES indicators, outcomes,
population groups, birth cohorts, age groups, and settings [36,37]. The findings observed in this
analysis, however, did not support MDRs.

As shown by this study and previous works [36], family SES differently influences Black and White
children’s outcomes [76,132], children [54], adults [133], and older adults [134,135]. A society is equal
only if parental education [45], educational attainment [74,78,136], employment [137], marital status [63],
and coping [138,139] generate equal outcomes for Blacks and Whites. Parental education seems to
generate unequal effects for Blacks and Whites, a pattern that indicates inequality due to social
stratification, segregation, and racism [140–149].

MDRs, differential effects of parental education across racial groups, maybe due to racial
discrimination in high SES Black families. Racial and ethnic discrimination affect the amygdala’s
structure and function [150–155]. In a study in the US, 74 adults (43% women; 72% African American;
23% Hispanic; 32% homosexual/bisexual) reported their discrimination experience. The study also
measured spontaneous amygdala activity and functional connectivity between the amygdala and
other brain regions during resting-state functional magnetic resonance imaging (fMRI). In this
study, greater experience of discrimination was associated with an increased level of spontaneous
amygdala activity. Similarly, an increase in discrimination was associated with stronger functional
connectivity between the amygdala and several neural regions such as the anterior insula,
putamen, caudate, anterior cingulate, medial frontal gyrus. The most robust effect of discrimination
was seen for the connectivity between the amygdala and thalamus [156]. As high SES, particularly
high subjective SES, is a proxy of high not low discrimination [50–53,55–58,137], high SES Black
American children still report lower than expected brain and behavior outcomes because of the effect
of discrimination.

Differential effects of family SES indicators for Black and White families contribute to the
transgenerational transmission of inequalities [45,67–70]. Differential effects of SES mean the same
level of SES may generate unequal outcomes for the next generation, which results in the reproduction
of inequalities across generations. However, most of the previous studies on MDRs have relied on
self-reported outcomes. Thus, the evidence lacked biological studies that test the differential effects of
SES on children’s brain imaging. This paper documented complex, non-linear, multiplicative effects of
SES, and race on working memory.

The observed MDRs suggest that Black American children suffer from three jeopardies. The first risk
is that they live in low-SES families. The second risk is that they have worse outcomes (working memory
in this study). The third jeopardy is their SES shows a weaker impact on their brain development.
The weakened effect of SES for Black children suggests that it is very difficult to improve the health
outcomes and close the Black-White gaps. Policymakers should not expect drastic effects as a result of
their interventions. These diminishing returns are likely to be due to unique stressors in Black people’s
lives across all SES levels.

It should be emphasized that we see race as a social factor (as a proxy of social status, treatment by
society, access to the opportunity structure, interpersonal discrimination, environmental injustices,
societal obstacles, and historical injustice) on how people are treated by society. As our results suggested,
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race alters the implications of family SES for working memory not because Blacks are inferior or
different than Whites, but because society has historically oppressed them and continues to discriminate
against them. All these injustices take a toll in terms of health and development.

Our paper was on complex and multiplicative effects of social determinants on 9- and 10-year-old
American children. Working memory is closely associated with executive functioning and is mainly
performed in higher cortical areas, especially the prefrontal cortex (PFC) [157–159]. It is recognized
that the PFC is one of the last regions of the brain to mature [157]. During preadolescence, the increase
in gray matter volume is observed, especially in the PFC, among other frontal lobe regions [157].
Furthermore, it is recognized that females’ brains develop about, on average two years earlier than
male brains, so they are more likely to have a late developing male brain than females [157].

Limitations

All studies have some methodological and conceptual limitations. This study, which was a
secondary analysis of existing data, is not an exception to this rule. Our first limitation was a
cross-sectional analysis. As a result, we can only conclude associations, not causal effects. Our second
limitation was a lack of inclusion of many confounders such as psychopathologies, learning disabilities,
or physical health. Third, all our SES measures were reported by parents. Some measurement bias
should be expected in the measurement of SES in this study. Also, the sample was not balanced
regarding race and SES. Racial groups were also not comparable in their SES. Finally, brain development
is behind in male than female children. This study, however, did not explore race by sex differences
in social determinants of working memory. Built on intersectionality, future research may explore
how groups based on the intersection of race, sex, SES, and place differ in the effects of SDoH on
memory function.

5. Conclusions

Among American children, high parental education and household income correlate with
better working memory. However, the effect of parental education is unequal across racial groups,
with the marginal return of parental education being smaller for Black families than White people.
Income, however, generates a similar outcome for Black and White families. Finally, parental education
generates less outcome than the differential income of highly educated Black and White families.
These findings have policy solutions for achieving equality. First, the solution to racial gaps lies beyond
closing the SES inequalities. We should address barriers that interfere with the SES from generating
equal outcomes for Blacks. Equalizing income may be a more effective way of equalizing outcomes
than equalizing education, because more processes can interfere with the return of education than
income. More research is needed on how we can equalize Black and White families for the effect of SES
on brain development. Social determinants’ influence on children’s brain development is complicated
and multiplicative rather than simple and additive. Moderated mediation and mediated moderation
models are more realistic than simple additive models.
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Abstract: (1) Background: Parental involvement during intervention with children with Autism
Spectrum Disorder (ASD) has been demonstrated to be fundamental for children’s developmental
outcomes. However, most research focused on child gains especially considering cognitive functioning
and symptoms severity, whereas parental and dyadic changes during intervention need further
investigation. (2) Methods: 29 mothers in interaction with their preschool children with ASD were
analyzed through two standardized behavioral and observational measures to evaluate the dyadic
Emotional Availability (EA) and play skills before (T1) and after (T2) a parental-based intervention.
(3) Results: Results revealed mothers increased affective quality and major awareness in understanding
the signals produced by the child, that in turn was more responsive, involving also using more
complex play strategies. Interestingly, the role of specific factors able to predict parental characteristics
was investigated, pointing out the important contribution of mothers’ perceptions of having a
difficult child and child language communicative abilities. (4) Conclusions: the study enhances
knowledge about child and caregiver variables that impact on dyadic outcomes, identifying important
target areas to be addressed during intervention. Further, our results suggest that a parental-based
intervention supports and facilitates improvements in both children’s and caregivers’ affective quality
and cognitive abilities.

Keywords: Autism Spectrum Disorder (ASD); mother–child interaction; parental involvement;
predictors of change

1. Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by qualitative
impairments in social interaction and communication alongside a pattern of restricted and repetitive
behaviors and interests [1]. The fundamental role of caregiver–child interactions on child cognitive,
social and affective development is well established considering children with Typical Development
(TD) [2,3], with other Developmental Disabilities (DD) such as Down Syndrome [4,5] and with Autism
Spectrum Disorder (ASD) [6,7]. However, core symptoms of ASD dramatically impact on the child’s
ability to interact with significant others, especially with parents, inducing maladaptive caregiver–child
interactive circuits that need to be restored in order to guarantee effective emotional exchanges [8,9].
Children with ASD tend to be socially less involving, less responsive and they have the tendency to
decline, reject or ignore their caregivers’ social initiatives [9]. Furthermore, children with ASD have
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difficulties in sharing attention on an object with an interactive partner [10] and they often appear to
be wholly focused on objects [8,11]. Consequently, interventions teaching parents strategies designed
to increase time in joint engagement might be crucial [12]. Interestingly, recent at-risk studies pointed
out a developmental picture revealing that children with eventual autism and their primary caregiver
interact with each other in some ways that depart from a typical trajectory early in the child’s first
years of life [13]. In addition to this, ASD symptomatology impacts significantly also on children’s
play abilities, in fact children with ASD often engage with objects in repetitive ways and fail to
develop creative and symbolic engagement with objects [14]. Also, play provides a platform for social
engagement with others [15], and indeed, socially connected play and social behavior with others are
particularly impaired in children with autism [8,14,16]. Taken together, these difficulties constitute a
daily challenge for parents to engage children in joyful syntonic activities, influencing stress levels
perceived by parents as well as the general emotional climate to which the child is exposed [17].

1.1. Affective Quality in Mother–Child Dyads with ASD

First interactions with parents have a unique and fundamental function for the overall development
of children with typical development and of children with autism. Several research works investigated
the role of parent–infant interaction focusing on mothers as primary caregiver. However, the recent
socio-cultural changes implicate an increasing involvement of fathers in child rearing. In line with
this, scientific literature highlights the relevance of fathering for child psychological development
in children with and without developmental disabilities [18–22]. These results pointed out both
similarities and differences in the interactive modalities that may support specific aspects of child
development. In the context of ASD, some research highlighted that mothers tend to be more
directive [23,24], displaying more intrusive and controlling behaviors and physical attempts to catch
the child’s attention [4,25]. Mothers of children with ASD were also found to be as sensitive as mothers
of children with typical development [26] or other developmental disabilities [27]. These findings
result as particularly important, given the impact of parent scaffolding and sensitivity, for the emotional
development of children with ASD [17]. However, recent studies showed that mothers in the group
of children with ASD demonstrated lower sensitivity, assessed through the scheme of Karreman,
highlighting their difficulties with timing and quality of play intervention [28]. This scale contains
seven dimensions of maternal parenting rated on a 7-point Likert scale including warmth, sensitivity,
provision of structure and limit-setting and it is applied on video-recorded observations during
home-visit mother–child interactions using different play materials. This instrument was found to
be particularly sensitive in capturing mothers’ characteristics, but it does not capture how children
respond to their mother’s interactive strategies.

In the last few years, research focused on the dyadic nature of the mother–child relationship,
in which the child clearly plays an active role [29,30]. In line with this, the construct of the
Emotional Availability (EA) refers to a solid empirical basis (attachment theory, theory of emotions,
maternal sensitivity) but focuses on the quality of emotional exchanges between parent and child,
on their reciprocal accessibility, as well as their ability to understand and respond to each other
communicative signals [31]. The construct was later operationalized by Biringen and colleagues in the
Emotional Availability Scales (EAS, [32] see measures for details). Research on EA Scales has been
conducted in a variety of contexts and validated in over twenty countries (Europe, Asia, subcultures of
the United States etc.) [33–36] and because of this the EA Scales are one of the most widely used
instruments for assessing the interaction within the parent–child dyad. However, to our knowledge
only few studies have analyzed EA in mother–child with ASD dyads [21,27,37–39] and no studies
investigated EA in a longitudinal design in these dyads. Furthermore, EA is found to be predictive of
various positive developmental outcomes such as attachment security [39,40], emotion expressions and
regulation [41] and school readiness [40]. EA parental levels seem also to modulate the functionality of
neural circuits involved in executive functioning, especially in response inhibition [42]. These results
suggest that intervention aiming to increase maternal EA should begin early in the child’s life [43].
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1.2. Cognitive Elements in Mother–Child Dyads with ASD: The Role of Play

Another important context for the child’s early social and cognitive development is play. It provides
a motivating opportunity for child learning and advanced levels of play are associated with greater
cognitive and language development [16]. At first, children are generally more focused on physical
properties of toys and their exploration, but later they engage more in symbolic activities that need higher
representational abilities and cognitive skills. Despite deviations in play behaviors in children with ASD,
more skills in symbolic play are reported when play is scaffolded by an adult [44] and more systemic
instructions are required to support the play with peers [45]. Recent findings revealed also that mothers
of children with ASD adapted their activities to their child’s sophistication level [46]. These mothers
seem to use fewer symbolic solicitations than mothers of children with typical development but
a positive correlation between maternal verbal solicitations of symbolic play and children’s actual
symbolic play was found only in children with ASD, highlighting a fundamental role of the caregivers
in cognitive aspects in dyads with children with ASD. Considering this, [47] operationalized a scale
for play behavior that follows the progression from simple manipulation of toys, to recognition of
conceptual relationships between objects (i.e., functional play and combinatory play), to increasingly
decontextualized play (i.e., symbolic or pretend play). This code allows individual scoring of caregiver
and child levels of play to see how parents adapt their level to child functioning, and also to investigate
how the child responds to a caregiver’s behavioral characteristics.

In general, mother–child interactions may be influenced by the fact that mothers of children
with ASD tend to have higher levels of stress compared to mothers of children with typical
development [28,48]. Consequently, stress levels may lead parents to feel more negative emotions
and to be more irritable and upset [49], directly influencing child behavioral problems [28,50]. In line
with this, maternal stress and negative feelings over the child were negatively associated with the
emotional availability and particularly on structuring skills using verbal and non-verbal techniques [38].
All together these findings strengthen the importance of finding shared strategies for parents in dealing
with their children, given their positive impact on stress reduction [51].

1.3. Parental Involvement during Intervention with Children with ASD

Given the influence of parent’s qualities and dyadic characteristics on child developmental
outcomes, recent findings strengthened the importance of involving caregivers during the intervention
in order to increase dyadic levels of syntonization and to extend the acquisition of competencies
also in naturalistic contexts (e.g., home) [52–54]. Further, parental involvement during intervention
seemed to be extremely important in order to guarantee the adaptation to child’s difficulties and
impairments, allowing the child to respond with enhanced communicative and social development [55],
long-term symptom reduction [56], and to generalize these outcomes across settings [57]. Further,
recent literature documented that marked difficulties in social communication and responsiveness in
parents of children with ASD [58] might create a potential barrier to care for their children. In line
with this, recent findings suggested that an enhanced version of parental involvement was able
to guarantee more prominent results considering caregivers. Interestingly, the authors found a
significant relationship between the degree of change in parental interaction and the rate of child’s
improvement [59], underlying the importance of the dyadic relational aspects in child developmental
outcomes. Moreover, some research showed that without involving caregivers these variables tend
to remain more stable over time [55–57]. Because parents are so important in ensuring success
and good prognosis, it is critical to include them throughout the intervention process. As a matter
of fact, these findings shed new light on the idea that if parents are adequately informed during
intervention and if they constantly deliver intervention strategies in naturalistic contexts, the intensity
of the intervention dwindles on intervention outcomes. Caregivers, in fact, may carry on teaching
competencies to their children in the home context, improving parent–child interactions and actually
increasing the amount of treatment they receive. Recently, Naturalistic Developmental Behavioral
Interventions (NDBI) are underlying the role of interactive aspects. Different works on efficacy
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showed significant gains in developmental outcomes and in symptoms severity [60–65]. However,
in general the evaluation of treatment response is mainly focused on child outcomes demonstrating the
improvements in both child’ social engagement and their cognitive development [66], often without
deepening dyadic and caregivers’ variables associated with the response. Child gains are, in fact,
predominantly assessed through developmental outcome measures using standardized instruments
such as Autism Diagnostic Observation Schedule (ADOS-2, [67]) and Griffiths Scales (GMDS-ER, [68]).
However, these instruments in the assessment of treatment’s outcomes might suffer from the issue of
sensitivity [69]. Standardized diagnostic and cognitive test items are, in fact, neither proximal to the
treatment nor necessarily sensitive to small changes in social communication and interactive skills
that may be occurring as treatment progresses. For this, the detection of change may be enhanced
by using observational measures of social responsiveness [70]. In line with this, the analysis of the
dyad’s interactive component through observational and behavioral measures might represent a very
sensitive-to-change instrument to assess caregiver and child improvements in the relational context.

To conclude, at this point it is also important to identify caregivers’ characteristics that impact
on intervention outcomes given the paucity of empirical research. For example, some research
pointed out that higher parental age may be linked to more successful interactions and this could be
due to their greater experience in parenting [71]. Further, higher educational level [71] and lower
stress levels in parents [72] seemed to be associated with greater developmental outcomes. Also,
different caregiving styles, such as higher levels of parental sensitivity, were also found to be related
with better child communications abilities [27,29] and joint engagement [73]. Further, the increase of
maternal age is associated with the increase of structuring abilities in interaction with the child with
typical development [74–76]. In fact, as pointed out in three longitudinal studies that monitor mothers’
interactive skills at different time points, it seems that the increase of maternal age may be associated
with increased structuring abilities. Moreover, mothers’ stress and depressive symptoms predicted the
warmth and criticism toward their child, and the general well-being of the primary caregiver seemed
to restrict or promote the involvement of the other caregiver in the ASD context [77]. More empirical
evidence and more exploration is needed considering caregivers characteristics and dyadic factors.

1.4. Aims and Hypotheses

In accordance with the above, the aim of the present work is to assess an Early Intensive Intervention
with Parent Involvement focusing on caregivers and dyadic outcomes through two observational
standardized instrument that allow the evaluation of the affective quality (measured through the
Emotional Availability Scales, EAS, [32]) within the dyad and the play skills abilities (assessed through
the play code, [47]). First of all, in the present study we want to examine how the implementation of a
parental-based intervention, that provides active participation of the caregiver into the therapeutic
setting, impacts on interactive characteristics within the dyad and how this relationship evolves over
time, given that the majority of empirical work is conducted on child outcomes only. Then, we want to
examine the impact of child and caregiver factors on the emotional availability and on the play skills
abilities given the persistent need to examine in details some factors that might predict, moderate and
mediate intervention effectiveness for children and their parents. On this basis, we hypothesize
as follows. First of all, we want to investigate if mothers and their children will improve specific
interactive modalities during intervention.

1. In line with previous findings that include caregivers into the therapeutic setting [55–57], and in line
with the theoretical framework of the implemented intervention that focuses on the syntonization
between adult and child’s needs, we expect that mothers will increase their awareness of timing
during the interaction with the child, catching child’s signals and respecting his/her time given
the possibility for parents to experiment themselves in functional interaction with their children.

2. Further, considering that during intervention therapists provide caregivers appropriate hints
and suggestions to interact and play with their children in a functional way, we also predict
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that mothers will increase their general levels of Emotional Availability, especially considering
structuring and non-intrusiveness scales.

3. With respect to the child, in line with previous findings that depicted positive change in child
socio-communicative behaviors [78–81] we expect to find improvements in the child’s level of
responsiveness and in the use of different communicative strategies (e.g., eye-contact looking,
body positioning, verbal involvement) to involve the caregiver during an interactive exchange.

Second, we want to examine the evolution of child cognitive play abilities during intervention.

1. In particular, we expect that during the intervention children will increase their level of symbolic
play, consequently decreasing their level of exploratory play during the interaction with the
caregiver, given that the intervention focuses also on a specific work on cognitive abilities
necessary to be able to play with more advanced skills.

2. We further expect that mother and child scores will be more related after intervention, indicating an
increased adaptation by the adult to the child’s level of play.

Finally, we want to investigate the impact of child and caregivers’ factors on the affective quality
during their interaction measured through the Emotional Availability Scales. In particular,

1. Considering the child, we expect that the communicative aspects of the child in interaction with
the caregiver may impact on the child’s scales of Emotional Availability, given the impact of
verbal and non-verbal communicative aspects on dyadic functional relationships.

2. Further, on the basis of previous literature that reported that higher levels of parental stress
may impact on adult interactive modalities considering children with typical development [82]
and children with ASD [83], we want to investigate the parental stress with respect to the adult
Emotional Availability, and the specific stress dimensions that may impact on parent’s modalities
during the interplay with the child.

2. Materials and Methods

2.1. Participants

This study involved 29 Italian preschool children (27 males and 2 females) with Autism Spectrum
Disorder (ASD) (M chronological age = 46.65 months, SD = 11.1; M mental age = 33.76 months,
SD = 9.15) and their mothers, exposed to an early intensive treatment with parent involvement
(M chronological age = 38.31 years, SD = 4.89) (see Table 1). All participants were recruited at the
Laboratory of Observation, Diagnosis and Education (ODFLab), a clinical and research center of the
Department of Psychology and Cognitive Science (University of Trento, Italy) specialized in functional
diagnosis of neurodevelopmental disorders, in particular ASD, where families voluntarily go to in
order to receive an assessment of their child functional profile. Moreover, the laboratory currently
implements a parental based early intensive intervention in line with Naturalistic Developmental
Behavioral Interventions (NDBI) [66].

Table 1. Demographic Statistics of the sample.

Mean (SD)

T1 T2

Child Chronological Age (months)
37.793 (9.108)
range (22–55)

55.500 (13.063)
range (32–81)

Child Mental Age (months)
26.750 (7.006)
range (15–43)

40.760 (11.296)
range (23–63)

Parental Age (years)
38.071 (4.799)
range (27–45)

39.996 (5.071)
range (27–46)

Socio Economic Status
35.214 (13.600)

range (14.5–59.5)
35.600 (14.361)

range (14.5–66.0)
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The diagnosis of ASD of the children in the present work was confirmed through clinical
judgment by an independent clinician based on the DSM-5 criteria for Autism Spectrum Disorder,
as well as through the administration of the Autism Diagnostic Observation Schedule (ADOS-2; [67]).
Recruitment of participants was done on a voluntary basis through advertisements in the waiting
room of the Laboratory. Then, a dedicated meeting will be scheduled with a referent not involved in
the clinical process in order to explain the objectives of the research. Finally, participants had to sign a
written consent.

2.2. Procedure

All procedures of this study were in accordance with the ethical standards of the Italian Association
of Psychology (AIP), with the ethical standards of the Ethics Committee of the University of Trento
(Italy) and the last version of the Declaration of Helsinki [84]. In order to determine children’s
developmental level, the Griffith Mental Development Scale-Edition Revised [68] was administered to
all children. Further, Autism Diagnostic Observation Schedule (ADOS-2; [67]) was administered in
order to certify the presence of Autism Spectrum Disorder and to specify the severity level. On the
basis of the level of language development and the chronological age of children, ADOS Toddler,
Module 1 and Module 2, were applied. Further, in order to assess the affective quality within the dyad
the Emotional Availability Scales (EAS, [32]; see measures for details) were applied to ten minutes
of video-recorded interactions between the child and the caregiver in which mothers were asked to
spontaneously play with their child with a standard set of toys as if they were at home. In the same
interaction sequence, the Play code ([47] see measures for details) was also applied in order to assess the
levels of both child and caregiver’s exploratory and symbolic play. The coding is randomly assigned
to two independent observers that codify the interactions after receiving a specific training considering
both the application of the Emotional Availability Scales (EAS) and the Play Code, and after having
reached a significant level of interrater reliability. Two-way mixed effects ICC with absolute agreement
has been used [85]. Two independent observers codified four target videos with a total duration of
about 120 min as indicated in the EAS training [32]. The coefficient ranged from 0.84 to 0.92.

Considering play the average kappa’s between coders for the play levels ranged from 0.79 to 0.88
for training videos. The above-mentioned measures are applied before intervention (T1), during the first
diagnostic and functional assessment and after an average of 11.03 (SD = 3.00) months of intervention
(T2) to both children and caregivers, in order to investigate the evolution of dyadic factors during
intervention and the impact of affective characteristics on cognitive play skills.

2.3. ODFLab Parental Based Intensive Intervention

ODFLab implements an “Italian Model of Intervention” which combines empirically validated
scientific principles together with guidelines in accordance with the Italian sanitary system [52,86,87].
This intervention integrates behavioral, developmental and relationship-based principles, according to
the key elements of the American Early Start Denver Model [81,88]. Further, in order to restore
caregiver–child maladaptive interactive circuits and to strengthen the generalization of child
competencies, the intervention involves caregivers into the therapeutic setting together with the
child. The ground idea is that if caregivers have the possibility to learn adequate strategies to deal with
their children, they may effectively make use of them in more naturalistic contexts (e.g., home). With this
in mind, the intervention includes specific activities for the child (speech therapy, music therapy,
cognitive activities and emotional and social play for 4–6 h per week) and parent involvement into
the therapy room (at least 2 h per week). Differently from parent-mediated intervention and parent
training, the parental involvement does not require home assignments nor fidelity schedules and the
intervention is entirely delivered by the therapist. In fact, during these weekly sessions the therapist
remains the key figure that structures activities but he/she also creates opportunities for the caregivers
and the child to interact and play together. Consequently, the caregivers have the possibility to
experience more functional interactions with the child characterized by more adequate proposals and
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major awareness of the child’s individual timing. In turn, such changes may increase dyadic shared
pleasure, parents’ self-efficacy and motivation to interact with their child, while reducing stress and
frustration levels.

Importantly, these interactions between adult and child are discussed together with a
psychotherapist every two weeks through the video-feedback procedure. Thanks to this,
the intervention works on functional dyadic characteristics and consequently on parental representation
of both the child and the caregivers in their role. In fact, during these meetings the parents have
the possibility to analyze specific child’s avoidant, non-respondent or other problematic behaviors,
understanding child’s signals together with the therapist. Therefore, they have the possibility to
build a more truthful image of the child and of himself/herself as a parent. In addition to this,
meetings with parents of all children are organized in order to create a moment of sharing feelings,
emotions, experiences, fears and uncertainties and experiencing the sensation of not being alone in
dealing with children with ASD. The intervention is delivered by trained psychologists after receiving
specific licenses on developmental models of intervention for children with ASD. Finally, the team is
constantly supervised at least once every month by an expert psychotherapist.

2.4. Measures

2.4.1. Griffiths Mental Development Scales

Child cognitive development before and after intervention is assessed through the Griffiths
Mental Development Scales (GMDS-ER; [68], see Table 2). The GMDS-ER are developmental scales
normalized also in an Italian sample and are administered to the child in a laboratory setting through
semi-structured activities designed to evaluate different aspects of mental development in infants and
children. They provide Z-scores relative to 6 subscales in the main developmental areas: Locomotion;
Personal–Social; Communication and Listening; Eye–Hand Coordination; Performance; and Practical
Reasoning. These scales provide a Global Quotient and a developmental age-equivalent—allowing to
detect developmental delays—as well as specific quotients and developmental age-equivalents for
each of the 6 subscales. All scores are standardized (M = 100; SD = 15).

Table 2. Developmental child’s outcomes before and after intervention.

T1 M(SD) T2 M(SD) p-Value-r2 BF

Ados Social Affect 12.931 (2.939) 11.357 (2.599)
T (27) = 3.827,

p = 0.0007;
r2 = 0.352

BF = 46.309

ADOS Restrictive and
Repetitive Behabiors

3.552 (1.824) 3.500 (1.876)
T (27) = 0;

p-value = 1; r2 = 0
BF = 0.200

Ados Total Score 16.700 (3.809) 14.893 (3.370)
T (27) = 2.718;

p = 0.011; r2 = 0.215
BF = 4.146

ADOS Comparison Score 6.407 (1.394) 5.786 (1.101)
T (25) = 2.476;

p = 0.020; r2 = 0.197
BF = 2.606

GMDS-General Quotient 71.964(13.675) 75.037(21.636)
T (26) = −1.311,

p = 0.201, r2 = 0.062
BF = 0.439

GMDS–Language and
Communication Scale

54 (23.764) 69.84 (37.121)
W = 77.5, p = 0.023;

r2 = 0.458
BF = 6.671

2.4.2. Autism Diagnostic Observation Schedule-2

Child severity of symptoms is assessed before and after intervention through the Autism Diagnostic
Observation Schedule (ADOS-2; [67], see Table 2), golden standard instrument for the diagnosis of
ASD. The administration of this tool is carried out by trained psychologists after an official ADOS
course. The instrument provides different modules according to child chronological age and expressive
level of language. Each module gives a total score used for the ADOS diagnostic classification
(Autism–Autism Spectrum–Non Spectrum). This score is transformed in the comparison score in
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order to perform comparisons among different modules and classify the severity of symptoms in three
categories (mild, moderate or severe).

2.4.3. Emotional Availability Scales

Mother–child Emotional Availability (EA) is assessed before and after the early intensive
intervention with parent involvement through the Emotional Availability Scales (EAS; [32]). EA is
a relational construct that refers to the quality of emotional exchanges between parent and child. It
focuses on their reciprocal accessibility and their ability to understand and respond appropriately
to each other’s communicative signals (31). The EA Scales are created to observationally measure
and operationalize the construct of Emotional Availability and consist of four scales for adults that
include sensitivity, structuring, non-intrusiveness and non-hostility, as well as two scales for children,
responsiveness and involvement, with 7 subscales that measures specific dimensions of the main
scale (see Table 3). The main scales are scored from 1 (lowest EA) to 7 (highest EA) on a Likert
scale; the first two subscales are scored from 1 to 7, however the other 5 subscales are scored from
1 (lowest EA) to 3 (highest EA). Midpoints were also used in the present study as they are highly
recommended especially for children with disabilities [89,90]. Adult Sensitivity refers to the ability to
capture and respond adequately to the child’s communicative signals and to the caregiver’s ability to be
emotionally connected to the child [91]. Adult Structuring refers to the parent’s ability to promote and
organize the child’s activities by furnishing appropriate prompts and suggestions during interaction,
without limiting the child’s autonomy. Non-intrusiveness refers to the ability of the parent to be
aware of the best time to fit in the interaction without being too demanding nor directive. Finally,
Non-hostility refers to the ability to interact with the child without showing over nor covert signs
of hostility. The child’s scales comprise Responsiveness and Involvement. Responsiveness refers
to the child’s manifestation of clear signs of pleasure during the interaction with the caregiver and
measures how often the child responds to parents’ suggestions. Finally, Involvement refers to the
child’s ability to actively engage and involve the parent into interaction through different modalities
(eye-contact looking, verbal involvement, body positioning). In general, optimal levels of EA (7) are
characterized by the presence of an ideal quality of affect and support, as well as child’s optimal levels
of responsiveness and involvement. Moderate levels (5–6) refers to good modalities of parents in
interaction with the child that shows appropriate but not ideal strategies for involving caregivers.
Apparent/inconsistent levels of EA (4) are characterized by the adult’s inconsistency in their ability to
lead the child, that, in turn, shows both positive and negative approaches to draw the adult’s attention.
Low levels (3/2.5) or very low levels (2–1) of EA are typical of caregivers that show insensitive and
unavailable affect and children are characterized by worry, anxiety and distress in their responsiveness
and their involving strategies might be inappropriate or nonexistent.

Table 3. Scales and subscales of the Emotional Availability Scales.

Adult Sensitivity Adult Structuring Adult Non-Intrusiveness Adult Non-Hostility

Affect
Provides appropriate

guidance and suggestions
Follows child’s lead

Adult lacks negativity in
face or voice

Clarity of perceptions and
appropriate responsiveness

Success of attempts
Non-interruptive ports of

entry into interaction

Lack of mocking, ridiculing, or
other disrespectful statement

and/or behavior and
general demeanor

Awareness of timing Amount of structure Commands, directives Lack of threats of separation

Flexibility, variety, and
creativity in modes of play

or interaction
Limit setting proactively Adult talking

Does not lose cool during low
and high

challenge/stress times

Acceptance
Remaining firm in the face

of pressure
Didactic teaching

Frightening
behavior/tendencies

Amount of interaction
Verbal vs.

non-verbal structuring
Physical vs.

verbal interferences
Silence
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Table 3. Cont.

Adult Sensitivity Adult Structuring Adult Non-Intrusiveness Adult Non-Hostility

Conflicts situations Peer vs. adult role
The adult is made to “feel” or

“seem” intrusive
Themes or plat themes hostile

Child Responsiveness Child Involvement

Affect/emotion regulation,
organization of behavior

Simple initiative

Responsiveness Elaborative initiative

Age-appropriate autonomy
seeking and exploration

Use of adult

Positive physical positioning Lack of over-involvement

Lack of role
reversal/over-responsiveness

Eye contact, looking

Lack of avoidance Body positioning

Task oriented/concentrate Verbal involvement

2.5. Play

Mother–child Play skills are assessed before and after intervention through the Play code [47],
an operationalized scale that follows the sequence of play from simple exploration of toys,
to identification of relationships between objects (i.e., functional play and combinatory play),
to increasingly decontextualized play (i.e., symbolic or pretend play). The code allows to score
caregiver and child levels of play individually, but also to investigate whether parents appropriately
adapt to the child’s intentionality and level of functioning, as well as how he/she responds to parent’s
interactive proposals. The play levels considered in this code are described briefly as follows:

Level 1. Unitary functional activity: considers effects that are unique to a single object
(e.g., dialing a telephone).

Level 2. Inappropriate combinatorial activity: refers to the inappropriate juxtaposition of two or
more objects (e.g., putting the cup on the telephone).

Level 3. Appropriate combinatorial activity: concerns the appropriate juxtaposition of two or
more objects (e.g., putting the handset on the telephone).

Level 4. Transitional play: refers to the approximation of pretend play but the action is not
concluded (e.g., putting the telephone handset to ear without vocalization).

Level 5. Self-directed pretense: relates to the pretense activity that is directed toward self
(e.g., drinking from an empty cup).

Level 6. Other-directed pretense: pertains to the pretense activity that is now directed towards
someone or something else (e.g., putting a doll to sleep).

Level 7. Sequential pretense: concerns child’s ability to connect two or more pretense actions
(e.g., pouring into an empty cup from the teapot and then drinking).

Level 8. Substitution pretense: refers to the child’s ability to include one or more object substitutions
(e.g., pretending a cup is a telephone and talking into it).

Level 9. When no action is taken within the dyad (e.g., child is running around the room in an
afinalistic way and no object is touched).

Play levels from 1 to 4 are considered an index of the child’s exploratory play, whereas levels from
5 to 8 reflect the quantity of symbolic play displayed during the interaction. The trained observers
used BORIS (Behavioral Observation Research Interactive Software, [92], an open-source event logging
software for video/audio coding and live observations. It allows to code continuously by noting play
level as well as start and end times (accurate to 1 s). Minimum play time is fixed at 1 s, after that a
specific level of play is coded until there is a break longer than 10 s during which neither the child nor the
caregiver touches an object. For each level of play four measures are extracted: the absolute frequency,
the proportional frequency, the absolute duration, and the proportional duration. These scores are
later normalized through the proportion of maximum scaling (“POMS”), a min-max normalization
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method [93,94] that transforms each index to a metric from 0 to 1 through the following formula:
POMS = [(observed −minimum)/(maximum −minimum)]. This method is therefore useful to have
a monotonic metric and to avoid problems concerning “classical” standardization in longitudinal
design [89]. A general index for each play level is then computed averaging the standardized scores
of the four measures (i.e., absolute frequencies, proportional frequencies, absolute durations and
proportional durations). POMS indexes are then grouped in two main indexes: exploratory play,
computed as the average of levels from 1 to 4, and symbolic play, computed as the average of levels
from 5 to 8. These indexes represent quantitative measures of both the amount and duration of the
different types of play, accounting both for absolute and proportional measures of the interplay.

2.6. Parental Stress Index-Short Form

The Parental Stress Index-Short Form (PSI/SF, [95]) is a standardized instrument widely used in
the clinical context for the early identification of stress in the parent–child relationship. It contains
36 items on a five-point Likert scale and it yields a Total Stress score from three scales: Parental Distress,
Parent–Child Dysfunctional Interaction, and Difficult Child. In particular, the Parental Distress (PD)
defines stress levels of the caregiver in his/her role as a parent but considering only personal factors,
independently from the child. Parent–Child Dysfunctional Interaction (P–CDI) analyses the interaction
with the child perceived by the parent as difficult and problematic (e.g., when parents consider
themselves rejected by the child). Difficult Child (DC) examines some characteristics of the child’s
behaviors and the perception the parent has to have a child with a difficult temperament.

2.7. Statistical Analysis

Data has been checked for normality (i.e., Shapiro test) and homogeneity of variances
(i.e., Levene test). When assumptions for parametric tests were met, Welch T test for dependent
samples has been used for longitudinal analysis, as it is recommended in psychological research with
relatively small samples to reduce the probability of Type I Error [96]. Otherwise, paired Wilcoxon
signed rank with continuity correction has been used to verify differences between T1 and T2. Effect sizes
have been calculated using R-squared.

A Bayes Factor analysis has been performed to investigate evidence supporting the null vs.
alternative hypothesis given the observed data as a way to improve inferential statistics.

Data has been analyzed using R [97]. The Bayes Factor (BF) analysis has been performed using
the package ‘Bayes Factor’ and will be interpreted following the proposal of Harold Jeffreys revised by
Lee and Wagenmakers [98].

Linear mixed-models have been fitted to investigate longitudinal relationships between child’s
play abilities on developmental outcomes and, in turn, child’s cognitive skills on caregiver Emotional
Availability Scales together with parental stress levels. Models have been fitted using the ‘lme4’
package, with the ‘lmerTest’ and the ‘car’ packages to compute p-values, Bayesian Information Criteria
(BIC), marginal R-squared and the ANOVA with Wald F test to check for model significance. Futher,
the models have been checked for significance against baseline (χ2).

Linear correlation analysis has been performed using Pearson product-moment correlation
coefficient and tested for significance.

3. Results

3.1. Longitudinal Changes: Emotional Availability Scales

3.1.1. Adult’s Scales

Wilcoxon signed rank test with continuity correction revealed a significant (V(28) = 13; p = 0.002;
r2 = 0.596; BF = 25.097) change in adult’s Sensitivity scale during intervention, indicating a
medium effect. Bayes Factor (BF) analysis suggests strong evidence for the alternative hypothesis.
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Considering Sensitivity subscales, results revealed that “the awareness of timing” showed significant
increase (V(28) = 0; p = 0.026; r2 = 0.454; BF = 2.952). Further, the subscale “amount of interaction”
revealed a significant (V(28) = 0; p < 0.001; r2 = 0.669; BF > 100) change before and after the
intervention, indicating a strong effect. BF analysis suggests extreme evidence for the alternative
hypothesis. Considering adult Structuring scale, results exhibit a significant (V(28) = 0; p < 0.0001;
r2 = 0.892; BF > 100) change between T1 and T2, indicating a strong effect and extreme evidence
for the alternative hypothesis through the BF analysis. The investigation of the subscales revealed
that the “appropriate guidance and suggestions” increased significantly (V(28) = 24; p < 0.0001;
r2 = 0.795; BF > 100) during time, indicating a strong effect and extreme evidence for the alternative
hypothesis. Also, the rate of “success of attempts” emerged to be significant (V(28) = 16; p = 0.003;
r2 = 0.559; BF = 23.428) and the “amount of structure” also increased significantly (V(28) = 0; p < 0.001;
r2 = 0.641; BF > 100) during play with the child, indicating a strong effect and suggesting extreme
evidence for the alternative hypothesis. The subscales “remaining firm in the face of pressure” and
“verbal vs. non-verbal structuring” are both significant, respectively (V(28) = 5; p = 0.023; r2 = 0.433;
BF = 2.952) (V(28) = 0; p = 0.010; r2 = 0.523; BF = 2.108). With respect to the adult Non-Intrusiveness
scale, results showed a significant (V(28) = 0; p < 0.0001; r2 = 0.886; BF > 100) change during
intervention, indicating a strong effect and supporting extreme evidence for the alternative hypothesis.
The subscales, and particularly results considering the ability of “following child’s lead” showed
significant (V(28) = 38.5; p = 0.019; r2 = 0.504; BF = 5.069) increase during intervention, together with
the ability to “not interrupt the child into interaction” (V(28) = 31; p = 0.014; r2 = 0.549; BF = 7.699)
and the reduction of “physical vs. verbal interferences” (V(28) = 0; p = 0.019; r2 = 0.454; BF = 4.031).
Finally, also the subscale “the adult is made to feel or seem intrusive” showed a significant change
during intervention, revealing that the adult is less intrusive in the interplay (V(28) = 0; p = 0.003;
r2 = 0.586; BF = 30.755), indicating a strong effect and a very strong evidence supporting the alternative
hypothesis. Adult Non-Hostility scale revealed no differences in the main domain nor in the subscales
(see Table 4).

Table 4. Descriptive and Inferential Statistics of Adult Emotional Availability Scales-Main Scales
and Subscales.

Mean (SD) p-Value–R2 Bayes Factor

T1 T2 T1-T2 T1–T2

Total Sensitivity 4.552 (0.588) 4.914 (0.669)
p = 0.002 **
r2 = 0.596

BF = 25.097

Sensitivity 3:
Awareness of timing

1.966 (0.421) 2.207 (0.412)
p = 0.0262 *
r2 = 0.454

BF = 2.952

Sensitivity 6:
Amount of interaction

1.0690 (0.604) 2.138 (0.516)
p < 0.001 ***

r2 = 0.669
BF > 100

Total Structuring 4.276 (0.560) 5.121 (0.529)
p < 0.0001 ***

r2 = 0.892
BF > 100

Structuring 1:
Appropriate guidance

4.103 (0.724) 5.034 (0.731)
p < 0.0001 ***

r2 = 0.795
BF > 100

Structuring 2:
Success of attempts

4.103 (0.724) 4.552 (0.985)
p = 0.003 **
r2 = 0.559

BF = 23.42

Structuring 3:
Amount of structure

1.690 (0.541) 2.138 (0.516)
p < 0.001 ***

r2 = 0.641
BF > 100

Structuring 5:
Remaining firm during pressure

2.310 (0.471) 2.552 (0.506)
p = 0.023 *
r2 = 0.433

BF = 2.952

Total Non–Intrusiveness 4.466 (0.654) 5.345 (0.769)
p < 0.0001 ***

r2 = 0.886
BF > 100

Non–Intrusiveness 1:
Follows child’s lead

4.379 (0.775) 4.931 (0.961)
p = 0.019 *
r2 = 0.504

BF = 5.069
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Table 4. Cont.

Mean (SD) p-Value–R2 Bayes Factor

T1 T2 T1-T2 T1–T2

Non-Intrusiveness 2:
Non-interruptive entry in interaction

4.552 (0.783) 5.103 (1.113)
p = 0.014 *
r2 = 0.549

BF = 7.699

Non-Intrusiveness 6:
Physical vs. verbal interferences

2.103 (0.409) 2.310 (0.471)
p = 0.019 *
r2 = 0.454

BF = 4.031

Non-Intrusiveness 7:
The adult is made to feel intrusive

2.172 (0.602) 2.552 (0.506)
p = 0.003 **
r2 = 0.586

BF = 30.755

Total Non–Hostility 5.431 (0.578) 5.379 (0.883) p = ns BF = 0.210

* p < 0.05; ** p < 0.01; *** p < 0.001.

3.1.2. Child’s Scales

With regards to child Responsiveness scale, results showed a significant (V(28) = 21.5; p < 0.001;
r2 = 0.716; BF > 100) improvement during intervention, indicating a strong effect. BF supports
extreme evidence for the alternative hypothesis. The analysis of the subscales pointed out that “the
emotional regulation of affect and behavior” resulted to be significantly (V(28) = 1; p = 0.022; r2 = 0.432;
BF = 2.880) greater during the intervention, together with the increased “positive physical positioning”
of the child towards adult (V(28) = 11; p = 0.036; r2 = 0.479; BF = 1.836). Moreover, the subscale
that considers the degree of “quantitative responsiveness” of the child results to be highly significant
(V(28) = 19; p = 0.001; r2 = 0.675; BF = 21.431) indicating a strong effect and strong evidence supporting
the alternative hypothesis through the BF analysis. Moreover, the degree of “task orientation and
concentration” without excluding the adult during the interaction is significant (V(28) = 7; p = 0.003;
r2 = 0.566; BF = 30. 755) indicating a strong effect, with the BF analysis indicating very strong evidence
for the alternative hypothesis.

To conclude, considering the child Involvement scale, the analysis revealed a significant increase
(V (28) = 0; p = 0.002; r2 = 0.613; BF = 24.648), indicating a strong effect and a BF supporting strong
evidence for the alternative hypothesis. With respect to the different subscales, results pointed out that
the “simple initiative” toward the caregiver is significantly increased (V(28) = 0; p = 0.003; r2 = 0.557;
BF = 25.097) indicating strong effect and a BF supporting strong evidence for the alternative hypothesis.
Further, the subscale of the “elaborative initiative” is significantly changed as well (V(28) = 2; p = 0.036;
r2 = 0.425; BF = 2.313). The subscale that considers the “use of adults” results significant (V(28) = 0;
p = 0.010; r2 = 0.491; BF = 7.206) and BF analysis indicates moderate evidence for the alternative
hypothesis. This indicates an increase in the degree to which the child goes to the adult for both the
emotional and playful exchange. Finally, results revealed that during intervention children seemed
to increase also their involving strategies to interact with the caregiver through different channels
of communication such as “eye-contact looking” (V(28) = 4.5; p = 0.024; r2 = 0.435; BF = 2.776),
“body positioning” (V(28) = 5; p = 0.009; r2 = 0.471; BF = 4.598) and “verbal involvement” (V(28) = 0;
p < 0.0001; r2 = 0.742; BF > 100), the latter one indicating a strong effect. BF analysis indicates extreme
evidence supporting the alternative hypothesis with respect to “verbal involvement” (see Table 5).

3.2. Longitudinal Changes: Play Skills

Paired sample T-tests revealed a significant decrease (t(27) = 2.922; p = 0.007; r2 = 0.234; BF = 6.319)
in the index of child exploratory play that includes the first four levels of the Play Code during
intervention. Further, the Wilcoxon signed rank test with continuity correction revealed that the index
of child symbolic play, that contains more advanced levels of play skills, resulted to be significantly
increased (V(27) = 79; p = 0.0255; r2 = 0.392; BF = 3.449) during intervention. Interestingly, we found
out that the amount of exploratory play exhibited by caregivers and child is not correlated at T1
(r = 0.063; t(27) = −0.326; p = ns) but the correlation between adult and child indexes is significant
at T2 (r = 0.591; t(27) = 3.022; p = 0.005) (see Table 6). Finally, we found out a moderate correlation
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(r = 0.424; t(27) = 2.436; p = 0.022) between the amount of symbolic play displayed by the caregiver and
by the child at T1, but the correlation resulted to be particularly increased after intervention (r = 0.669;
t(27) = 4.673; p < 0.001) falling into the strong range. The level of non-play, that refers to level 9 of the
code, resulted to be non-significant both before and after intervention.

Table 5. Descriptive and Inferential Statistics of the Child Emotional Availability Scales–Main Scales
and Subscales.

Mean (SD) p-Value–R2 Bayes Factor

T1 T2 T1–T2 T1–T2

Total Responsiveness 3.552 (0.817) 4.034 (0.844)
p < 0.001 **
r2 = 0.716

BF > 100

Responsiveness 1:
Emotional regulation of affect

and behavior
3.241 (0.872) 3.552 (1.088)

p = 0.022 *
r2 = 0.432

BF = 2.880

Responsiveness 2:
quantity of responsiveness

3.069 (1.163) 3.655 (1.143)
p = 0.001 **
r2 = 0.675

BF = 21.431

Responsiveness 4:
Positive physical positioning

1.724 (0.649) 2.000 (0.535)
p = 0.036
r2 = 0.479

BF = 1.836

Responsiveness 7:
Task orientation-concentration

1.448 (0.686) 1.828 (0.539)
p = 0.003 **
r2 = 0.566

BF = 30.755

Total Involvement 3.138 (0.823) 3.379 (0.690)
p = 0.02 *
r2 = 0.613

BF = 24.648

Involvement 2:
Elaborative initiative

1.655 (0.974) 1.828 (1.071)
p = 0.036 *
r2 = 0.425

BF = 2.313

Involvement 3:
Use of adult

1.448 (0.632) 1.690 (0.660)
p = 0.010 *
r2 = 0.491

BF = 7.206

Involvement 5:
Eye–contact looking

1.310 (0.604) 1.586 (0.733)
p = 0.024 *
r2 = 0.435

BF = 2.776

Involvement 6:
Body positioning

1.759 (0.689) 2.069 (0.593)
p = 0.009 **
r2 = 0.471

BF = 4.698

Involvement 7:
Verbal involvement

1.517 (0.688) 2.069 (0.651)
p < 0.0001 ***

r2 = 0.742
BF > 100

* p < 0.05; ** p < 0.01; *** p < 0.001.

Table 6. Descriptive and Inferential Statistics for Play skills.

Mean (SD) p-Value-R2 Bayes Factor

T1 T2 T1–T2 T1–T2

Child Exploratory Play 0.194 (0.0715) 0.133 (0.095)
p = 0.007 **
r2 = 0.234

BF = 6.319

Child Symbolic Play 0.0721 (0.0833) 0.125 (0.115)
p = 0.014 *
r2 = 0.197

BF = 3.449

Adult Exploratory Play 0.1666 (0.090) 0.0126 (0.087) p = ns BF = 0.837

Adult Symbolic Play 0.160 (0.102) 0.148 (0.124) p = ns BF = 0.231

* p < 0.05; ** p < 0.01.

3.3. Linear Mixed Models

3.3.1. Parents’ Structuring Ability is Linked to Chronological Age and Their Perception of Having a
Difficult Child

The linear mixed-effect model (Model 1, see Table 7) has been fitted considering the Structuring
Total Score of the Emotional Availability Scales (EAS) as dependent variable, with time, the Difficult
Child Score of the Parent Stress Index (PSI) and the caregiver chronological age as fixed effects and a
random effect of participants to account for repeated measures.
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Table 7. Results of Mixed Linear Models.

Beta T p-Value (T) Wald F p-Value (W) Chi 2 (Baseline Model) Marginal R2 BIC

Model 1: Structuring X2 (6) = 9.364, p = 0.009 0.485 55.365

Intercept 1.900 t(25,474) = 2.340 p = 0.027 F (27.315) = 5.344 p = 0.029
Predictor 1: time 0.718 t(12.196) = 9.954 p < 0.0001 F (14.543) = 96.451 p < 0.0001

Predictor 2: Psi–Difficult Child 0.016 t(24.079) = 2.255 p = 0.034 F (26.096) = 4.531 p = 0.043
Age caregiver 0.050 t(21.529) = 2.510 p = 0 0.020 F (23.798) = 6.226 p = 0.020

Model 2: Non Intrusiveness X2 (5) = 26.709, p < 0.0001 0.400 101.400
Intercept 4.090 t(46.979) = 21.277 p < 0.0001 F (47.394) = 429.756 p < 0.0001

Predictor 1: Time 0.771 t(26.111) = 7.045 p < 0.0001 F (28.052) = 48.834 p < 0.0001
Predictor 2: GMDS–Language

and Communication
0.008 t(50.000) = 2.677 p = 0.010 F (50.000) = 6.610 p = 0.013

Model 3: language and
communications scale

X2(5) = 16.218, p = 0.0003 0.164 508.120

Intercept 47.218 t(41.660) = 8.046 p < 0.0001 F (41.157) = 63.895, p < 0.0001
Predictor 1: Time 8.186 t(29.848) = 1.526 p = 0.138

Predictor 2: Child symbolic play 104.376 t(46.240) = 2.810 p = 0.008 F (45.987) = 7.321, p = 0.010

Model 4: child Responsiveness X2 (5) = 10.086, p = 0.001 0.260 118.020
Intercept 2.947 t(46.702) = 13.129 p < 0.0001 F (47.260) = 163.592 p < 0.0001

Predictor 1: Time 3.22 t(25.642) = 2.504 p = 0.019 F (28.093) = 28.093 p = 0.019
Predictor 3: GMDS-Language and

communication scale
0.011 t(49.983) = 3.389 p = 0.001 F (49.986) = 10.590 p = 0.002
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The model showed a significant intercept (b = 1.900; t(25.474) = 2.340; p = 0.027). All the
predictors were significant: time (b = 0.718; t(12.196) = 9.954; p < 0.0001); the Difficult Child Score of
the PSI (b = 0.016; t(24.079) = 2.255; p = 0.034) and the chronological age of the caregiver (b = 0.050;
t(21.529) = 2.510; p = 0.020).

Anova with Wald F test confirmed significance of the intercept (F(27.315) = 5.344; p = 0.029) and
all the predictors: time (F(14.543) = 96.451; p < 0.0001); the Difficult Child Score (F(26.096) = 4.5313;
p = 0.0429) and the chronological age of the caregiver (F(23.798) = 6.226; p = 0.020).

The model has been compared against a baseline model (BIC = 57.402) considering only the
time, and resulted to be significant (χ2 (6) = 9.364; p = 0.009; BIC = 55.365) showing an increase in the
goodness of fit, with a marginal R-squared of 0.485.

3.3.2. Parents’ Non-Intrusiveness is Linked to Child’s Language Ability

Model 2 (see Table 6) has been fitted considering the Non-intrusiveness Total Score of the Emotional
Availability Scales (EAS) as dependent variable, with time and the child’s Language Quotient of the
Griffiths Mental Development Scale (GMDS) as fixed effects, and a random effect of participants to
account for repeated measures.

The model showed a significant intercept (b = 4.090; t(46.979) =2 1.277; p < 0.0001). All the
predictors are significant: time (b = 0.771; t(26.111) = 7.045; p < 0.0001) and the child’s Language
Quotient (b = 0.008; t(50.000) = 2.677; p = 0.010).

Anova with Wald F test confirmed significance of the intercept (F (47.394) = 429.756; p < 0.0001),
time (F(28.052) = 48.834; p < 0.0001) and the Language Quotient (F(50.000) = 6.610; p = 0.013).

The model has been compared against a baseline model (BIC = 123.140) considering only the time,
and resulted to be significant (χ2 (5) = 26.709; p < 0.0001; BIC = 101.400) showing an increase in the
goodness of fit, with a marginal R-squared of 0.400.

3.3.3. Child’s Symbolic Play Level is Predictive of Child’s Language Ability

Model 3 (see Table 6) has been fitted considering the child’s Language Quotient as dependent
variable, with time and the child’s symbolic play index as fixed effects, and a random effect of
participants to account for repeated measures.

The model showed a significant intercept (b = 47.218; t(41.660) = 8.046; p < 0.0001). Time resulted
to be non-significant (b = 8.186; t(29.848) = 1.526; p = 0.138). The symbolic play index was significant
(b = 104.376; t(46.240) = 2.810; p = 0.008).

Anova with Wald F test confirmed the significance of the intercept (F(41.157) = 63.895; p < 0.0001)
and the symbolic play index (F(45.987) = 7.321; p = 0.010).

The model has been compared against a baseline model (BIC = 516.400) considering only the
intercept, and resulted to be significant (χ2 (5) = 16.218; p = 0.0003; BIC = 508.12) showing an increase
in the goodness of fit, with a marginal R-squared of 0.164.

3.3.4. Child’s Responsivity is Linked to Child’s Language Ability

Model 4 (see Table 6) has been fitted considering the Responsivity Total Score of the Emotional
Availability Scales (EAS) as dependent variable, with time and the child’s Language Quotient of the
Griffiths Mental Development Scale (GMDS) as fixed effects and a random effect of participants to
account for repeated measures.

The model showed a significant intercept (b = 2.947; t(46.702) = 13.129; p < 0.0001). All the
predictors were significant: time (b = 0.322; t(25.642) = 2.504; p = 0.019) and the child’s Language
Quotient (b = 0.011; t(49.983) = 3.389; p = 0.001).

Anova with Wald F test confirmed significance of the intercept (F(47.260) = 163.592; p < 0.0001),
time (F(28.093) = 6.171; p = 0.019) and the Language Quotient (F(49.986) = 10.590; p = 0.002).
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The model has been compared against a baseline model (BIC = 124.140) considering only the time,
and resulted to be significant (χ2 (5) = 10.086; p = 0.001; BIC = 118.020) showing an increase in the
goodness of fit, with a marginal R-squared of 0.260.

4. Discussion

Given the importance of parental involvement into the therapeutic setting [53,55–57,79,99,100] and
the paucity of studies highlighting parental and dyadic changes during intervention, the main purpose
of the present study was to investigate mother–child dyads with ASD through two standardized
behavioral instruments that allow to assess both the affective quality and play skills abilities of
these dyads.

With respect to our first aim, we wanted to analyze the dyadic aspects of mother–child
interaction and the bidirectional influence during the exchange. These elements were assessed
through the Emotional Availability Scales (EAS) before and after intervention and revealed a significant
improvement in the mother’s general level of Sensitivity, especially in the subscale of awareness of
timing during the interaction, waiting for the appropriate moment to propose or interrupt the child.
In line with this, other studies, using different instruments than the EAS in the evaluation of treatment,
reported major parent’s acceptance of the child and positive dyadic pattern [53,99]. Further, our results
are also in line with findings suggesting that parents seem to show changes in their interactive strategies
pre and post intervention [78,79]. In fact, we found a significant increase in mothers’ general Structuring
abilities from inconsistent to moderate–good levels. Interestingly, the analysis of the subscales revealed
that the improvement concerned an enhanced quality of proactive guidance and varied suggestions
that lead the child in an appropriate way. Also, parents seem to adequately structure just the right
amount according to the child’s need, using both verbal but also non-verbal strategies. This result
could be even more important in the context of ASD. In fact, communicative abilities are often impaired,
and thus verbal indications are generally not enough to effectively scaffold an appropriate interaction,
making the use of nonverbal strategies play a crucial role. Consequently, interaction attempts are
more appropriate and, therefore, more successful during the interaction with the child. Because EA is
a dyadic construct which describes both the sending and receiving emotional signs, the structure is
considered adequate when parent’s attempts are successful, in the sense that these are appreciated and
welcomed by the child.

While Structuring is about guidance and mentoring, Non-Intrusiveness is about the actual
over-direction, over stimulation and interference into child’s behaviors and, in the literature, these scales
resulted to be particularly correlated one to the other [101]. Our results suggested that non-intrusive
behaviors increased from “inconsistent” to “moderate–good” over time. In particular, mothers seemed
to be more able to follow the child’s needs without interfering too much with his/her activity. In fact,
fewer interruptions were observed, in favor of waiting for the perfect timing to interrupt or to propose
another activity to the child. Further, the verbal and or physical interferences decreased significantly,
indicating more appropriateness in the way of dealing with the child, that in turn showed fewer signs
indicating that the adult is intrusive in his/her activity. This result appears to be particularly relevant
considering that literature about parenting in the context of neurodevelopmental disorders consistently
underlined the tendency of caregivers to be more intrusive during the interpersonal interchange [4,25].
In this framework, a significant improvement of this parental behavior, together with better scaffolding
strategies and skills, represent two important elements that may actually impact on the dyadic quality
of the interplay. Furthermore, in line with previous literature that depicted the Non-Hostility scale
as particularly stable and difficult to detect compared to the other scales [90,102] we did not find
changes over time. In fact, an expert observer may also have some difficulties in noting subtle and
covert signs of hostility (e.g., boredom, discomfort) in an adult’s tone of voice or in face, and more
time for an appropriate and accurate evaluation is needed [102]. Also, even if parents are particularly
uncomfortable during the interaction, they are aware of the fact that they are video-recorded, and for
this they unlikely will show clear signs of hostility and/or aggression toward the child. However,
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our results highlighted the substantial absence of hostile behaviors and signs, with scores being in the
range “moderate–good” both pre- and post-intervention [38,102].

The child’s increases in the responsiveness domains might be influenced by parental involvement,
which gives them the possibility to experience positive exchanges, first of all mediated by the therapist
and then gradually alone with the child. In this sense, the therapist somehow acts as a promoter of
the exchange, supporting both the partners in establishing effective and adaptive social routines in
which they can experiment themselves in a functional and pleasant manner. Therefore, the therapist
gradually leaves space to the dyad, supporting them only when necessary to facilitate reciprocal
attunement. Experimenting with these positive changes, parents might be more motivated and
facilitated to reproduce specific social routines also in the domestic context.

Concerning the child’s scales, in general we expected that a specific work on adult abilities would
impact also on child’s abilities to respond positively to the more adequate and functional proposals.
On the basis of our hypothesis and considering the dyadic nature of the relationship in which both
the partners play an active role, we also expected a subsequent increase in the child’s Responsiveness
scale. In fact, the significant increases found in parents may indicate having acquired better abilities to
understand, interpret and respond to their communicative signals, often impaired or atypical in ASD.

In line with this, results in literature showed how children exhibit better play skills when the
activities were scaffolded by an adult [44,103]. Within a more supported environment, children are
provided more opportunities to request and comment on objects than they would have if they played
alone. Coherently, our results revealed an increase in child’s general affective regulation, even if scores
are still in the inconsistent range of the Responsiveness scale. In fact, it may be still present a quality of
inappropriateness and the child may get dysregulated in front of particularly challenging situations.
Nevertheless, the general amount of the child’s responsiveness to parents’ initiative significantly
increased over time, and this was also confirmed by the significant increase in the subscale that assesses
the amount of physical contact sought by the child. The framework of the intervention focuses on two
main aspects: establishing virtuous circles in the dyad and promoting intentionality and reciprocity.
The results discussed so far seem to support the first one. With respect to the second, results seemed to
depict a more intentional child. In fact, even if general levels of the Involvement scale generally fall into
the “inconsistent–low” range both before and after intervention, it is interesting to notice that children
significantly enhanced their involving strategies towards their caregivers. Child’s involving strategies
comprise: the use of non-verbal channels such as eye-contact or verbal involvement, using both talking
and babbling, and also through the physical positioning of their body in a way that does not exclude
the other. These results suggest an enhancement in child’s functional strategies to involve the social
partner, effectively expressing communicative intentionality.

As we expected, the child responds to more effective caregiver strategies progressively increasing
his/her degree of motivation to begin socio-communicative routines in the first place, therefore actively
engaging the social partner in the interchange.

As highlighted by literature, more functional and effective interactions also have an impact on
cognitive abilities and, in general, on child development [2,3] also in the context of ASD [8,14,16].
Further, it is well established that play skills are related to cognitive skills and play is considered as a
primary opportunity of learning, especially when shared in the context of child–adult interactions [102].
On this basis, in the context of intervention, shared play represents a key mediator of the whole
process [10]. In line with this, children did not show significant changes in the quantity of play,
demonstrated by the fact that “non-play levels” seem to be stable before and after the intervention.
Nonetheless, as we expected, child’s play exhibited significant changes in quality over time. In fact,
we found out a significant increase in children’s symbolic play together with the reduction in the levels
of the exploratory play. Hence, results suggest a significant evolution in the quality of play in the
direction of the typical milestones of play development. Interestingly, mothers’ and children’s play
levels are related to each other. In fact, child’s exploratory play was moderately correlated with that of
the mother after intervention, but not before, suggesting the presence of a greater ability of dyadic
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synchronization. Further, mothers’ and children’s symbolic play levels resulted to be significantly
correlated both before and after intervention. Even more importantly, correlation increases from
moderate to strong over time with respect to symbolic play. This change goes in the direction of
the reinforcement of higher levels of reciprocal syntonization, supporting the importance of directly
intervening on the dyad to promote bidirectional exchange.

So far, we pointed out significant changes in affective and cognitive aspects of the relationship in
the context of intervention. In line with previous literature, we investigated both child and caregivers’
factors that might be relevant for the intervention. Particularly, we expected that parental stress levels
could have an influence on adult Emotional Availability. We found out that the general stress levels
seemed not predictive of parents’ abilities. Interestingly, among the different subdimensions of parental
stress, a significant negative relationship emerged between the perception of having a difficult child
and the ability of the caregiver to adequately structure the interaction. From a clinical standpoint,
this result might emphasize the relevance of caregivers’ perception of the child, as well as the need of
taking into account parents’ mental representation during the implementation of the parental based
early intensive intervention.

Further, we also explored the impact of child’s variables on caregivers’ behaviors. From our
analysis, it emerged that the child’s language communicative abilities seemed to be positively
associated with parents’ ability to not be intrusive, interfering with the child’s activity. In addition to
this, linguistic and communicative elements seemed to impact also on the child’s relational aspects,
in particular in his/her modalities to respond to the mother. More specifically, language abilities
seemed to be in turn linked to play abilities. In particular, greater symbolic play skills appear to be
predictive of better language. From this analysis, it emerges that linguistic aspects showed a general
influence on both parent and child interactive behaviors. In particular, when a child has the possibility
to directly communicate in a more effective way, the parent, in turn, gives the impression to show
a lower necessity to directly interfere with his/her activity. It is also worth noting that, in line with
literature on developmental psychology, our results seemed to support the role of play competencies in
cognitive development, which in turn entirely happens in the context of the interpersonal relationship
mediated by affective exchanges.

Limitations

This study presents some limitations. A main limit of the present work is represented by the small
sample size, consequently, further studies should be conducted with larger samples size in order to
achieve more generalizable results. Our study also focused only on mothers, while fathers may show
different characteristics and changes. Moreover, our sample is unbalanced with respect to gender and
therefore, this limits the generalization of the results to females, that may have different characteristics.
Another main limitation consists in the absence of a comparison group subjected to an intervention
with a different theoretical framework (e.g., treatment “as-usual”) or another clinical group that was
not exposed to any intervention. However, given the importance of guaranteeing an early intervention
as soon as possible especially for preschool children with neurodevelopmental disorders, waiting lists
were not a possibility. Another limitation of this study concerns the presence of only two time points
for the evaluation of the dyadic changes, in fact more assessments will be able to better describe the
process of change in both affective quality and play during interventions.

In this sense, we aim to conduct next studies including a bigger sample comprising fathers and
more balanced with respect to gender. We will also work on building a comparison group made
by children that are regularly monitored by ODFLab, but that receive the intervention in their local
community services since they come from other regions. Since such interventions usually do not
provide parental involvement, this can be considered as a treatment “as usual” and therefore constitutes
a suitable comparison group. Further research should also include more longitudinal time points in
order to better understand trajectories’ trend. Finally, next works will include different subgroups
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of patients with different characteristics in cognitive functioning and symptoms severity, as well as
intervention outcomes variables.

5. Conclusions

Investigating the longitudinal changes in parent–child affective quality and play skills during a
parental based early intervention may have important implications. From a theoretical perspective,
it enhances knowledge about child’s and caregiver’s variables that impact on dyadic outcomes.
In particular, our findings are in line with a reciprocal interdependence between the social partners,
in which play skills are linked to child’s language development that, in turn, have an impact on parent’s
interactive skills. Further, these abilities seem also to be influenced by the caregiver’s perceptions and
representations of their children. From a clinical standpoint, our results suggest that parental-based
intervention supports and facilitates improvements in both children’s and caregivers’ affective quality
and cognitive abilities. In particular, parents and children exhibit greater levels of syntonization
during play, as well as a trajectory that follows the milestones of typical development towards
progressively more evolved interactive modalities. Further, studying dyadic aspects allows to identify
important target areas to be addressed during intervention. Through this, it may be possible to identify
peculiar outcome trajectories associated with different profiles and this, in turn, might help planning
individualized intervention programs that directly influence parent–child interaction. To conclude,
our results support the importance of actively involving caregivers during the intervention.
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Abstract: During the three-month closure of clinics and day centers in Iran due to the coronavirus
disease 2019 (COVID-19) lockdown, parents of children with Autism Spectrum Disorder (ASD)
became solely responsible for their care and education. Although centers maintained telephone
contact, it quickly became evident that parents needed more detailed advice and guidance. Staff from
30 daycare centers volunteered to take part in a two-month online support and training course for 336
caregivers of children with ASD of different ages. In addition to the provision of visual and written
information, synchronous video sessions were used to coach parents on the learning goals devised
for the children. Both qualitative and quantitative data were collected to understand the acceptability
of using telepractice and the outcomes achieved. A low dropout rate and positive feedback from
parents indicated that they perceived telepractice sessions to be useful. The factors contributing to
parents’ satisfaction were identified. Although the use of telepractice would be a good alternative for
caregivers in any future lockdowns, it could also be used in conjunction with daycare center services
to encourage greater parental participation, or with families living in areas with no day centers.
Further studies are needed to compare telepractice to usual daycare face-to-face interventions, and to
document its impact and cost-effectiveness for parents and children.

Keywords: telepractice; autism spectrum disorders; COVID-19; parental-mediated intervention;
Coronavirus; daycare center

1. Introduction

Communication technology used by healthcare professionals is diverse [1]. Modern technologies
offer a range of flexible modalities, ranging from simple daily applications (e.g., phone calls, email,
and voice and video messaging) to complex technologies (e.g., interactive web-based software and
interactive virtual classrooms). Smartphones, tablets, and laptops are more generally accessible to
the general population at a reduced cost [2]. A recent review [3] explored the increasing usage
of technology as a viable option in providing home health education and counseling to various
populations in need of support. The uptake of these technologies has been lower in-person education,
therapy, and social services—especially in services for children with special needs, who are mostly
dependent on face-to-face interactions. Nevertheless, Camden et al. [4] concluded in their review that
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“available communication technology might be particularly well suited to implementing best practices
for children with disabilities when the focus of the therapies is on supporting the children and their
families, problem-solving with them to foster the child’s development and functioning” [4].

Despite the dearth of applications in technologies for children with developmental disabilities,
the available studies report promising results for children with Autism Spectrum Disorder
(ASD) [5,6]. ASD is a neurodevelopmental disability that affects social communication and behavior
development, and it typically manifests in the early stages of life [7]. Improved parental knowledge,
parental intervention fidelity, and improved social behavior and communication skills for children
with ASD were reported in a review of 15 studies on parent-mediated intervention training delivered
remotely [8,9]. Moreover, parents appreciated being active agents in this approach; it gave them access
to appropriate training and ongoing guidance so that they were able to deliver the intervention in a
consistent manner [10]. Furthermore, evidence in using communication technology for individuals
with ASD (at different age levels) is emerging, with preliminary findings suggesting that it has potential
benefits in service delivery and cost savings, such as speedier set-up and coverage in rural areas [11,12].

1.1. Telepractice

The term telepractice is a general term that embraces other terms, such as telehealth and
telemedicine, and has been defined as “the application of telecommunications technology to deliver
professional services at a distance by linking service provider to a client, or supervisor to service
providers for assessment, intervention, and/or consultation” [13]. Two approaches for delivering
telepractice are defined as synchronous and asynchronous. When the telepractitioner and client are in a
one-to-one or group setting, and are interacting in real-time via video and/or audio, this is referred to as a
synchronous telepractice. Asynchronous telepractice occurs when information, such as videos, pictures,
or audio files are recorded and exchanged via technology between the telepractitioner and client
(and vice versa), with no live interaction between them. This approach is known as “store and forward”.
When both synchronous and asynchronous methods are used in combination, this is referred to as
hybrid telepractice, which combines the benefits of both synchronous and asynchronous approaches.

1.2. Supporting Families in Iran

In Iran, there has been very limited use of telepractice with families of children with ASD. Rather,
the focus has been on the preparation of written and visual materials, such as those produced by the
first (SAS) and the last (RM) authors and their colleagues, which arose from a series of research studies
into the needs of Iranian parents [14–16]. The tailored, parent-focused program that the mentioned
authors devised [17,18] was based on the biopsychosocial model of disability. There were five booklets
on different aspects of ASD, in lay language, plus a toolkit consisting of eight practical booklets to
enhance parental reciprocity and interactive communication through everyday life activities and
play. The booklets offer simple information and practical advice to enhance communication and its
development in different stages. Simple, self-completed checklists were provided to parents, so they
could have a better understanding of their child’s level of functioning. Modifications to the home
environment, to address the child’s sensory preferences, along with strategies to manage unusual
behaviors, were also covered in the booklets. It was also envisaged that the booklets would enable and
empower parents to nurture their child’s development at home, alongside the teaching and therapy
the child would receive at school or a daycare center. Fortuitously, this resource was available when
the COVID-19 lockdown commenced.

The Iranian Social Welfare Organization (ISWO) provides at least 110 daycare centers, across the
31 provinces in Iran, for children with autism spectrum disorder (ASD). The centers care for children
aged 3 to 14 who usually attend, daily, under the supervision of these centers. The centers provide
educational and rehabilitation services, and are open from 08.00 a.m. to 12.00 p.m. (4 h), to provide a
wide range of daily services, which are mainly sponsored by the government. Most of the centers also
provide afternoon extracurricular and rehabilitation services funded by parental fees. As the world
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became increasingly affected by the COVID-19 pandemic, Iran followed the advice of WHO [19] and
UNESCO [20] in closing all of the educational and daycare centers (the closures started in March and
lasted until May 2020). Telecommunication through mobile-based technology was the only possible
approach to deliver professional services at a distance, by linking daycare centers to caregivers for
assessment, intervention, and/or consultation.

1.3. Country Profile

The prevalence of ASD in Iranian children was reported to be 6.26 per 10,000, which is lower than
that reported for some Western nations, but in line with rates from other countries [21]. ASD services
in Iran fall under the Ministry of Health and Ministry of Social Welfare, with 90 percent of healthcare
services provided through governmental services [22]. Improvements in recent decades have resulted in
healthcare services covering the majority of the population [23]. The Iranian Social Welfare Organization
(ISWO) provides clinical and daycare services to preschoolers with physical and intellectual disabilities,
and older children with developmental disabilities, who were assessed by educational services as
not suitable to attend mainstream schools. The government pays the attendance expenses for the
majority of families, while other parents pay for a portion of the services they receive, based on their
socioeconomic situation. Moreover, children with developmental disabilities who attend mainstream
schools may also come to ISWO centers after school to receive therapy and specialist interventions
from psychologists and therapists. Families contribute to these costs. The maximum capacity of
daycare centers, based on the approved regulations in Iran, is fifty children. Iran ranks first in terms of
the number of people in the Middle East with access to telecommunication services and satisfactory
internet infrastructure, with an estimated 43 million users [24]. The widespread use of smartphones,
social media [25], and computers throughout Iran enabled some daycare centers for adults (with
mostly physical disabilities) to provide video-conferencing, to deliver rehabilitation services alongside
consultations, advice, and guidance to their service-users [26].

1.4. Developing a Hybrid Telepractice for Families

The ISWO recognized the need for daycare centers for children with ASD to stay active, and to
continue providing support for family caregivers who were in desperately need of assistance due to
their around the clock caregiving because of the COVID lockdown. The only possible way was to use
technology and available telecommunication services. Most daycare centers had already established
mobile phone-based groups using Telegram or WhatsApp channels, in which they provided caregivers
with one-way, non-interactive, and passive forms of daily center information, and news sharing.
However, neither the daycare centers nor caregivers were ready for the newly imposed roles placed on
them, but there was no other choice available to reduce the danger to children and families negatively
impacted during the lockdown. ISWO quickly took the decision to pilot the use of telepractice services
from their day centers by using mobile phone-based video technology. Caregivers during the lockdown
would be observed in their homes while interacting with their children, with remote supervision and
coaching provided by staff from the daycare center.

Previous studies on developing telepractice services have stressed the crucial preparatory role of
organizational processes, in providing support and resources to prepare therapists and practitioners
in implementing new models of practice [27]. However, the COVID-19 imposed closure of centers
shortcut these preparations; thus, telepractice services had to be developed and implemented in a
very short period using existing resources, such as the parent training resources as described above.
More positively, family caregivers, who had previously been reluctant in engaging with their child’s
education and therapy, were asking the (then closed) daycare centers for practical advice and guidance
for managing their child at home. This confirmed the assertion by Chorpita et al. [28] that parental
advocacy and training is the most important element in the successful implementation of new models.
ISWO invited the first author (SAS) to oversee the development of the telepractice materials and to
supervise their staff in implementing them. SAS had previously acted as the senior consultant with the
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ISWO on ASD research and training courses and was familiar with the staff and service users. The brief
was to test the feasibility of using mobile phone-based telepractice services in a parent-implemented,
home-based intervention program, under the supervision of the daycare center staff.

The feasibility study addressed three main questions.

• Is telepractice a feasible approach for providing services to family caregivers and children with
ASD in a less affluent country such as Iran?

• What are the factors that contribute to caregivers’ positive attitudes regarding the telepractice
services provided to them and their children with ASD, in the absence of in-person daycare
center services?

• Is it possible to increase the effectiveness of telepractice services for caregivers of children
with ASD?

The present study was carried out over eight consecutive weeks—telepractice services in 30 daycare
centers across the country with a maximum capacity of 50 individuals with ASD admission. This report
can be considered a proof-of-concept study, in that it examines how telepractice was developed and
implemented in a home setting through continuous support from a daycare center. It also provides a
foundation in which further studies can be built regarding the effectiveness of telepractice.

2. Methods

2.1. Setting up the Telepractice Service

Three parties were engaged in the telepractice program: (i) the family caregivers; (ii) day center
staff, and a course supervisor with extensive experience of ASD; and (iii) ISWO centers in Iran
who provided support and supervision to the day centers. Following a literature review of existing
telepractice studies involving families of children with ASD, the heads of 50 day centers (in Iran)
for children with ASD were invited by the course supervisor to join an online discussion group,
in which they were invited to share their perceptions on parental information and support needs
during the closure of centers. The discussion, using online synchronous and asynchronous focus
groups, continued for over one week, and resulted in a listing of priority issues required to implement
a telepractice service, which included the following:

• Suitable resource materials from Iran—written and visual—were identified to act as a guide for
center staff, as well as for sharing with caregivers as appropriate.

• Each participating center nominated a key person as the main coordinator of the center’s
telepractice. In most instances, this was a person with the required qualification to supervise
the daycare center’s daily services. During the lockdown, other center staff were involved
with caregivers and children on a scheduled daily basis for routine contact, but the key
person’s responsibility was the coordination, supervision, and monitoring of the prepared
online telepractice program.

• An online group was created for the course supervisor and daycare center staff for them to
develop procedures relating to freeing up time from other clinical work; making different reading
materials accessible for parents, the provision of high-quality supervision and training, establishing
peer-learning working groups and planning periodic evaluation of the program.

• Identifying and creating video-based parental training materials for use alongside written materials.
Videos are reported to be more effective [29].

• Caregivers needed to have smartphones or similar devices with home internet access and the
freeware program, WhatsApp version 4.0.0 (Mountain View, CA, USA, 2009), with the free calling
feature. This app was also used for documents and link sharing, online video calls, observing the
home session, and coaching the parent.
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The daycare centers provided online support in two forms, group and individual sessions,
which were scheduled based on the center and parental preferences. Both individual and group
sessions used the hybrid approach of support to provide both synchronous and asynchronous sessions.

2.1.1. The Main Aims of the Telepractice Service

The telepractice model for parent-implemented, home-based interventions was based around
an online, daily, hybrid telepractice training session, for caregivers or parents, administered by the
daycare center’s key person. The aims and objectives were:

• To devise individual learning plans for a child with ASD in conjunction with caregivers to use
at home.

• To boost the confidence of caregivers in managing their child with ASD at home.

• To answer caregivers’ questions through the provision of accurate personalized information.

• To provide updated information relating to ASD.

The link below covered different areas of caregiving, with the main focus on communication and
behavioral management in the natural home setting, through play, with a focus on daily living. For each
part, there were separate tutorial videos, along with written and oral information, and self-rated
scales, which was shared with caregivers. (http://www.behzisti.ir/news/12221). Parents were guided in
the use of structured teaching, behavioral approaches, and environment modifications, which were
adapted to the child’s communication and sensory preferences, based on a parent-implemented
intervention perspective.

2.1.2. Implementing the Telepractice Service

During the training sessions, daycare center staff aimed to encourage parent–child interaction in a
modified natural home environment, using behavioral and structural strategies based around common
pictures and objects. Training sessions for each child were developed and documented in a weekly
training plan, focusing on communication, and sensory and cognitive domains. Caregivers were
encouraged through video clips, pictures, and printed sources to replicate the program at home, and to
make video recordings of interactions with their child. The daycare center’s key person provided
parents with feedback, cues, and coaching for the proper implementation of the intervention strategies.
All of the home-based sessions were monitored by the center’s key person, who in turn submitted
fortnightly reports to the course supervisor (SAS). SAS also provided regular coaching and training to
the key persons in each center.

In addition, there was also a virtual meeting place for key persons across the centers for social
networking, exchanging information, and for contacting the therapists and clinicians to answer
questions. All of these sessions were digitally video-recorded by each daycare center for later analysis.

2.1.3. Evaluating Telepractice

To allow for a more thorough understanding of the impact of telepractice on caregivers,
a mixed-methods approach was used [30]. To date, concerning research on parent-mediated
intervention, telepractice has generally adopted a quantitative approach, whereas parental and
practitioner perceptions, as the main stakeholders of this service’s delivery model, have yet to be
examined as a primary outcome variable [31]. Therefore, caregivers who finished the course, as well as
those who dropped out, were asked for their feedback regarding the course, and its shortcomings,
via a WhatsApp questionnaire consisting of closed- and open-ended questions, which were possible
for them to answer using voice messages or in written form. Caregivers who completed the online
course were invited to answer six open-ended questions:

1. What is the most important advantage of the online training course?

2. What is the most obvious shortcoming of the online training course?
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3. If you have to continue using online courses for a long time, what are your recommendations for
improvement of the quality of the course?

4. Which part of the information was most useful for you?

5. Which part was less useful for you?

6. Do you have any further comments about the course?

Caregivers who dropped out were also asked about the reason for their leaving. In all, 15 (36%)
voice recorded messages were transcribed along with 27 (64%) written comments, verbatim. A thematic
content analysis approach was used to analyze the responses [32].

In addition, quantitative data were collected using pre- and post-course design. Assessment measures
administered at pre- and post-course were as follows: a researcher-made questionnaire, regarding a main
parental complaint about caregiving, online course, information provision, and the level of provided
support. The video analyses were assessed based on a fidelity rubric, which considered the following
10 items—the most common and neglected items that might happen in a training or communicational
session with children with ASD. The items were: (1) consistency with the environment (considered for
a different type of training), (2) environment modification and stimulus control, (3) providing visual
notification about the possible uncontrolled stimulus, (4) not forcing the child to do requests, (5) following
the child’s comfortable position, (6) understanding the child’s reaction, (7) using visual icon for the start,
(8) creativity in using toys and play, (9) parental temper control, using the visual icon to notify, and (10)
finishing the task. Each item was rated on a five-point scale. After the course, caregivers were allowed to
rate the course and the daycare center, to rate the parental level of engagement using a Likert scale, and to
evaluate their experience as providers of intervention services to their child.

All procedures in the present study were in accordance with the ethical standards of the ISWO All
caregivers signed an online consent form in which their rights to confidentiality, and to withdraw from
the project at any stage of the study, were mentioned.

2.2. Participants

Parents and daycare center key persons were the key stakeholders in this feasibility study:
namely 30 daycare coordinators from ASD centers and 336 caregivers of children with a confirmed
diagnosis of ASD through the professionals of ISWO.

Key Persons

The 30 daycare centers were located in 19 (61%) of the 31 provinces across the country.
The demographic information on the 30 key workers is presented in Table 1.

Table 1. The key persons’ demographic data.

Variable

Gender
Male 5 (17%)
Female 25 (83%)

Age Mean (37.10) SD (6.32)
(Min 25 Max 55,)

Education
Undergraduate 5 (17%)
Graduate 22 (73%)
Postgraduate 3 (10%)

Profession

Psychologist 19 (63%)
Occupational Therapist 5 (18%)
Speech and Language Therapist 2 (7%)
Educational Science 3 (10%)
General Health 1 (3%)

Experience with ASD in years Mean (8.26) SD (3.23)
(Min 1, Max 15)

Twenty-one (70%) of the key persons had already participated in the Iranian Social Welfare Organization (ISWO)
professional training courses for Autism Spectrum Disorder (ASD) [33], although 9 (30%) had not.
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Concerning caregivers and children, Table 2 gives the demographic details of 417 (28%) out of
1500 caregivers (the maximum number of parents based on the registration volume permission granted
by ISWO) who initially volunteered to be enrolled for the telepractice (an average of 11 caregivers
participated from each center), and contrasts the 336 caregivers who completed two months of the
online training course of the center, in which their child was registered, and the 81 caregivers (19%)
who registered, but failed to complete the telepractice sessions. In Table 3, demographic information of
children who both completed the online course and who dropped-out are presented.

Table 2. Demographic data of caregivers who completed the online course and the dropout groups.

Variable
Completed Course Group Drop Out Group

N = 336 N = 81

Relationship with the child with ASD

Mother: 279 (83%) Mother: 57 (70%)
Father: 17 (5%) Father: 12 (15%)
Sibling: 9 (3%) Sibling: 4 (5%)
Grandparent: 1 (0.3%) Grandparent: (−%)
Both Parents: 30 (9%) Both Parents: 8(10%)

Caregivers age Mean (35.79) SD (6.51) Mean (37.88) SD (6.87)
(Max 70, Min 18) (Max 56, Min 22)

Caregivers education in years Under-university education: 210 (62.5%) Under-university education: 57 (70%)
University Education: 126 (37.7%) University Education: 24 (30%)

Caregivers Profession

Housewife: 216 (64%) Housewife: 54 (67%)
Public work: 60 (18%) Public work: 14 (17%)
Technician: 26 (8%) Technician: 6 (7%)
Education: 16 (5%) Education: 3 (4%)
Medical and Health: 14 (4%) Medical and Health: 4 (5%)
Unemployed: 4 (1%) Unemployed: (−%)

Having assistance with caregiving
from the family members

Yes: 192 (57%) Yes: 43 (53%)
No: 144 (43%) No: 38(47%)

Table 3. Demographic data of children who completed the online course and the dropout groups.

Variable
Completed Course Group Drop Out Group

N = 336 N = 81

Children’s Age Mean (8.06) SD (2.78) Mean (10.81) SD (2.31)
(Max 14, Min 3) (Max 14, Min 3)

Children’s Gender Boys 261 (78%), Girls 75 (22%) Boys 60 (74%), Girls 21 (26%)

Birth Order
First born: 203 (60%) First born: 47 (58%)

Second born: 102 (30%) Second born: 29 (38%)
3rd and above born: 31 (10%) 3rd and above born: 5 (4%)

Children’s diagnosis ASD: 158 (55.5%) ASD: 19 (23.5%)
Dual Diagnosis (diagnosis of ASD

and other impairments such as
Attention Deficit and Hyper

Activity (ADHD), Cerebral Palsy
(CP), or Intellectual Disability ID):

151 (45%)

Dual Diagnosis: 62 (76.5%)

2.3. Activity Records

The number of days daycare centers offered individual services to family caregivers differed
across centers (Mean = 5.60, days SD = 1.47 Max = 7, Min = 2) as did the number of daily hours the
centers spent for each family and child (Mean = 1.20 h SD = 0.40 Max = 2 Min = 1). The number of
days in which daycare centers were active each week over the eight weeks differed across centers
(Mean = 5.36 days SD = 1.67 Max = 7 Min = 1). The number of hours spent on each call also varied
(Mean = 1.70 h SD = 0.79 Max = 4 Min = 1). During the eight-week presentation of the course,
the course supervisor was available for support in a WhatsApp group, in which all 30 daycare centers
were members. An average of six contacts per centers in each week was recorded
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3. Results

3.1. Qualitative Findings

At the end of the study period, all caregivers were invited to send their feedback on the effectiveness
of the telepractice. Responses were received from 42 caregivers (12.5%) who finished the telepractice
and 8 (9.9%) from caregivers who dropped out. In all, 30 responses came as written comments and 20
as voice messages.

All caregivers thought that the new mobile-based social media facilities were user-friendly and
easy to use. A mother said (No.1): “Getting access to the course contents and contact with others
through my mobile was not a challenge at all. This is turned to be a part of our daily life”.

Caregivers generally said that the most important advantage of the course, for them, was to give
caregivers a hand, when they were in the utmost need, with continuous caregiving. A father said:
(No. 39) “Being engaged with my son and helping him to progress by my energy and at my pace while
being directly engaged in the process and having more hope that I wanted for him in such a sudden
unpredictable hard time. Thanks”.

Almost all caregivers found no parts of the provided information useless and some mentioned
special rehabilitation or educational information as being most applicable. They recommended different
issues to improve the services, but mainly suggested hard copies and more video resources in the
form of training packages. A mother said, “Internet package in the form of low price internet from
Telecom system, and more hardcopy info before the course in CD and DVD format will be very helpful”
(No. 3). Similar suggestions and recommendations were repeated in response to the final question.
A mother said: “We have always been engaged with our children but not in a systematized way and
with considering aims and objectives and under the guidance of professionals. Keep this good job
continue. This was excellent” (No. 43).

Of the 41 caregivers who completed the telepractice, 38 (93%) caregivers thought that they would
continue with the service, and would consider it as one of their choices, as well as recommend it to
other caregivers as a very useful service. However, three caregivers (7%) were reluctant to continue
the telepractice service because of the extra financial demands that it imposed on them, or technical
problems, such as the internet speed. A father from the completed training course group said: “We had
a serious problem with the internet and extra expenses we had to pay to top up the system on a weekly
basis. This is important for us to be cautious about the extra expenses in this economically difficult
time. I am unemployed because of the COVID-19 now” (No. 27).

The reasons given by caregivers who dropped out included the following. Some were not
persuaded that online services were sufficient for children with ASD and their caregivers. Other issues
were raised, such as extra pressure being placed on caregivers, or it being a beneficial service only for
the daycare center, as they were still entitled to receive governmental financial assistance, while the
pressure was mainly on caregivers instead of daycare provider centers. A mother from the dropout
group said: “I do not approve of this online system. You are getting governmental financial help to
work with our children not to force us to do it by ourselves” (No. 49).

Some undesired aspects of online services were mentioned, including the sharing of videos and
pictures of the children, even if was assured that they would not be used or seen by the others.

A mother from the dropout group said: “Open the daycare centers. I do not want to take videos
of my child and to share it online to be seen by the entire world!” (No.19).

Parents who dropped out were asked for their suggestions regarding the training courses for
them or their children. They mostly requested for the reopening of the daycare centers, or requested
private home services. A mother said, “Just try to make safe places at school and reopen the centers as
before” (No. 50). A father from the same group said: “I think you should look at your services to cover
a wide range of children with Autism. What was offered was not suitable for all. These children are
unique. He was also critical of the amount of information caregivers were asked to provide. I think
you wanted to test a new service for us. I am a scholar myself and familiar with these activities. You
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forgot about the service and paid more attention to the data you wanted to collect. You cannot test a
service while you are providing it” (No. 30).

3.2. Quantitative Findings

Daycare centers asked caregivers about the main difficulties regarding caregiving during the
lockdown. They also rated parental perception of the severity of ASD in caregivers through a self-rated
scale. Key persons also rated the parental level of engagement, in the process, through their level
of activity and their provision of requested records. Parental satisfaction with the support course,
after the course, was evaluated, as was caregiver and daycare center staff attitudes to the online course.

Parental reaction to telepractice: caregivers were asked to rate their perception of online training
courses by choosing between three choices: positive, negative, and having no ideas. These ratings were
repeated at the end of the telepractice session. Before the course started, 7.4% of respondents rated
it as positive; after the course, this had risen to 61.0%—a statistically significant change in attitude
(chi-square (4) = 71.16, p < 0.001).

Parental reactions were further investigated in relation to the children’s characteristics. Parents of
the younger children were more satisfied with the course (86%) than those with older children
(28%) (chi-square (2) = 1.17, p < 0.001. Moreover, caregivers whose child with ASD had another
accompanying diagnosis were less positive about the course (52%) than those with a single diagnosis
of ASD (68%) (chi-square (2) = 9.79, p = 0.007).

At the outset, younger aged parents were more positive (10%) than were older parents (2%) about
the telepractice course (chi-square (2) = 21.15, p < 0.000), but afterwards, the percentages of positive
ratings had reduced in younger parents (68%) and increased for older parents (51%) (chi-square 2)= 10.68,
p = 0.005).

Likewise, caregivers who had assistance with caregiving were more positive regarding the online
course at the outset (11%) compared to those without assistance (0.5%), but for both sets of caregivers,
these percentages rose to 71% and 47%, respectively, although they were still statistically significant
(chi-square (2) = 23.57, p < 0.001).

Comparing children’s gender indicated that girls were more likely than boys to have dual diagnosis
(48% of boys compared to 62.5% of girls (chi-square (1) = 6.51, p = 0.007). There was no statistical
significance reported between the child’s gender and the birth order.

Parents concerns: caregivers’ specific concerns were grouped into behavioral, communication/talking,
restlessness (including difficulty keeping their child inside), and a combination of all the areas. After the
lockdown, and before the telepractice course started, the percentage of parents reported each type of concern
was: Behavior (51%), Communication (14%), Restlessness (9%), and All areas (61%). After the course,
the percentages had changed significantly: Behavior (12%), Communication (35%), Restlessness (17%),
All areas (16%). Table 3 summarizes these findings. Concerns about behavior had reduced markedly
(t = 10.67, df = 335 p < 0.001); while “has concerns in all areas” was (t = 18.35: df = 335 p < 0.001);
whereas concerns about communication (t = 6.43, df = 335 p < 0.001, had increased and, to a lesser extent,
so had restlessness (t = 2.65, df = 46, p < 0.05).

Caregiver dropout: considering 8 years as the cut off for the child age, it showed that parents
of older children (33%) were more likely to leave the course than parents of young children (6%)
(chi-square = 48.19, df = 1 p < 0.000). Similarly, the drop rate was higher for parents whose child had an
additional diagnosis (29%) compared to those with a single diagnosis (9%) (chi-square = 26.08, df = 1,
p < 0.000).

Fidelity checks: both the key person and caregiver fidelity in implementing the suggested practices
were monitored using two specially developed rubrics. Parental fidelity scores were rated by the
key person on each center on a four-scale rating, from weak to excellent. In all, 177 (42.4%) out of
336 caregivers were rated as excellent, and only 2 (0.5%) were rated as weak. The key person’s fidelity
on the same rating scale rated by the course supervisor showed no center staff was rated as weak,
with 47% (14 daycare centers) rated as excellent. Caregivers’ with higher fidelity ratings (81%) had
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more positive attitudes to the online course than those with lower fidelity scores (33%) (chi-square
(6) = 74.18”df = 6, p < 0.000).

A significant relationship was also seen between levels of the key persons’ fidelity score and
previous participation in the ASD professional training course presented by ISWO (64% vs. 53% who
did not participate and were cored as excellent based on the fidelity form), chi-square (2)= 8.32, p= 0.016.
Although it was expected that key persons who scored higher in the fidelity rubric were more likely to
have caregivers with higher scores of fidelity, the correlations between these fidelity ratings were not
strong, although it was nearly statistically significant (Spearman correlation Rho = 0.33 p < 054.).

4. Discussion

This is one of the first studies to investigate the use of telepractice with families of children with
ASD in a low resource country. Results indicating that a hybrid model of telepractice supervised by staff
from daycare centers might be considered as useful support for children with ASD and their families
in times of continuous caregiving due to situations, such as the COVID-19 pandemic. Caregivers can
be guided to become effective teachers in the child’s most natural environment of the home. Such an
approach can enable ISWO to better fulfil its remit of supporting children with ASD and their families.

Regarding the question of the feasibility of the telepractice, the findings indicate that telepractice
could be a feasible approach for certain caregivers of children with ASD in particular [34,35].
Findings indicate that updated and trained daycare staff using remote access via a smartphone
can enter the caregivers’ living places, and coach them while they are actively caregiving in their
natural environments. Moreover, the telepractice services enabled the home environment to come
under professional observation, at little expense, and without the time and effort involved in making
visits to the family home.

Caregivers’ overall satisfaction and positive attitudes to the online course allied to a relatively
low level of dropouts also indicate the feasibility of this service. This engagement has also increased
parental knowledge about the main challenges in taking care of their children, such as managing their
child’s behavior while also highlighting the difficulties around communication. This helped them to
focus on increasing their nonverbal-communication skills in their interactions with the child [36].

However, there is a need for the daycare center staff to have training and support throughout
the implementation of telepractice, as this approach requires them to have different skills, knowledge,
and commitment. Those who participated in the previous ASD training course, provided by the
course supervisor, were more successful in course implementation compared to those who did not.
Hence, staff training and preparation should be considered as a key element in successful enactment of
telepractice services.

Regarding the second question of this study which was searching for elements that contribute
to caregivers’ positive attitudes regarding the telepractice services, several factors contributed to the
caregivers’ satisfaction with online services. Younger caregivers were more optimistic about using
telepractice; similar to that found in other services for children with ASD in Saudi Arabia: a similar
culture to this sample [37]. Thus, telepractice might be targeted more at younger parents with younger
children [38].

It was also found that having assistance at home is a good indicator of caregiver satisfaction
with the online courses; presumably, because they had extra help at home and could devote more
time to their child [31]. Consideration might then be given to the provision of more online support
services directed at the carer’s needs, such as sharing their parenting stresses and experiences with
other parents involved with the course.

The third question of this study which was searching for ways to improve telepractice and
boosting effectiveness of this service, some of which have been noted already. However, it is likely that
hybrid approaches that combine face-to-face contacts alongside telepractice would be better suited
to some parents, especially those unfamiliar or reluctant to use technology. Moreover, the lack of
internet access, or its associated costs, are also factors that limit the use of telepractice, especially for
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less affluent families and those in rural areas. Moreover, although telepractice may seem a possible
solution for families in more remote areas who receive no support, issues around the availability of
smartphones and internet access will need to be resolved first.

Nevertheless, caregivers should be reassured that telepractice is not considered a substitute to
in-person daycare services, as this was echoed in the comments from some parents who dropped out of
the course. Rather, it provides a means for ensuring that the training presented in the daycare centers
can be extended into home settings of children with ASD. Moreover, parents who had higher fidelity
scores in implementing the advice they were given were more supportive of telepractice, a finding that
has been previously noted [39]. A follow-up study over an extended data collection period is needed
to monitor the level of fidelity in the implementation of the strategies used by the caregivers at home,
after their involvement in an online course. This would also help to determine ways of sustaining their
engagement in home-based activities.

Cost-benefit analyses need to be undertaken in terms of financial costs and staff time and to
compare the outcomes with the cost-benefits of face-to-face support by therapists and day centers.
In addition, the development of multi-media, telepractice support courses on specific topics should be
considered as an efficient means of sharing knowledge with family caregivers.

Finally, there were some limitations to the present study. It had to be prepared in an emergency
and it took place over a limited period. More parents might have dropped-out if it went on for a
longer period. It was not possible to recruit a control group, which had received similar services in a
face-to-face situation because of the lockdown. Moreover, this was a self-selected group of parents and
the findings need to be replicated with a more representative group of families whose children attend
the day centers.

Although this feasibility study demonstrated that telepractice applications hold promise as
a way of addressing some of the caregivers’ challenges during a time of a permanent caregiving
situation, there is still lack of evidence for understanding the possible harms and limitations of the
telepractice, and the way that various rehabilitation, assessments, and training protocols may be
used through telepractice. Further studies needed to identify the caregivers and types of services
in which a telepractice delivery system is appropriate or not. Such comparative studies will enable
service providers to select a telepractice delivery model tailored to specific subgroups to maximize the
benefit for them. Moreover, studies should focus on approaches to develop online support systems in
developing countries, with the limitation of accessibility of services in remote areas, especially the
rural parts in general [40].

It goes without saying that helping caregivers become capable members of the service intervention
teams, involved with children with ASD, necessitates considerable specialized training in a wide
range of domains for those leading the teams. The lack of highly trained professionals in different
disciplines involved with children who have ASD is a major impediment in less affluent countries.
Perhaps telepractice courses for clinicians developed internationally could help overcome this deficit.

5. Conclusions

With the increasing prevalence rate of ASD globally, service systems in less affluent countries face
extra challenges in meeting the needs of caregivers and individuals with ASD. The telepractice model
that has been tested with a sizeable number of families across Iran provides some basic evidence to
support its potential to address some of the challenges associated with caregiving for children with
ASD, even though it may not suit all parents. Telepractice, via telecommunication and mobile-based
services, should be considered as a valuable adjunct to the current models of service provision in Iran
and internationally. Further research is needed on the issue of COVID-19 and its impacts on children
with ASD, their caregivers, support, and service, or possible alternative treatments not necessarily in
the context of telepractice.
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Abstract: Background: There has been a considerable endeavor to understand associated challenges
of caregiving for a child with Autism Spectrum Disorders (ASDs) and to develop the necessary
skills and approaches to assist parents of children with ASD. Different studies have been stressed
the importance and need for parental involvement in the intervention process to increase positive
impacts. Methods: The process of caregiving and the associated challenges should be understood
from different aspects to be able to facilitate parent involvement in intervention implementation.
In a narrative literature review, ten selected reviews were considered and each review considered a
special aspect of caregiving for an individual with ASD. Results: Five main different factors in the
available literature and reviews were considered as different themes that needed to be reconsidered
in the studies on the impacts of caregiving for an individual with ASD. Conclusions: It is concluded
that to facilitate parental involvement in the intervention process, and to support caregivers of this
group of individuals this review highlights the need for improved research in some proposed areas in
this field and to bridge the gap between research and practice in this field.

Keywords: parental impact; caregiving; families living with ASD; autism spectrum disorders; parental
engagement; narrative review; review of reviews

1. Introduction

Despite the recognition of Autism Spectrum Disorders for more than 75 years, the etiology,
prognosis, and short or long term impacts of this diagnosis on caregivers have not yet been fully
identified [1]. Present knowledge on ASD indicates that it is a lifelong neurodevelopmental disorder in
which genes play a role but that environmental triggers likely contribute as well [2].

This lifelong disorder impacts sociocommunicational ability along with aspects of behavioral
differences manifests itself through restricted interests or unusual behavioral repertoires [3].

The dominant contemporary idea is that children with disabilities such as children with ASD
should not be separated from their parents [4] and families should play a more influential role in the
treatment process [5]. Families who give care for a member with ASD can be referred to as families
living with ASD [6] because generally, this is a lifelong process.

Understanding the impacts and psychological issues of the diagnosis of ASD on parents as the
main caregivers have developed markedly in the last three decades [7]. Parents may experience
emotional stress, anxiety, fear, and guilt, and based on the effectiveness of child-centered treatments
they might simultaneously show some positive feelings [8].
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There are only in some affluent countries and on some special occasions families given the
opportunity of respite care or foster home or residential house [9]. Respite care is a break that parents
in the affluent countries can have access to which involves a few hours/weekends that the child with
special needs will be watched by someone else who will get paid by the state, but it is an underused
service for several reasons such as difficulty to find a good respite worker. Foster care is a service
available in affluent countries like the United States when parents are unable to care for children in
their family homes and children have to be removed for a while until they can gain parenting skills
or improve their socioeconomic status. Residential care (otherwise known as institutionalization) is
mostly phased out in most states in the USA as disability advocates are moving towards in-home care
with supports. Institutional care of children and adults with intellectual or developmental disabilities
are more common in non-affluent countries. Therefore, it can be concluded that nearly all children
with ASD like the rest of the children with other types of disabilities live at home and with their
family members.

To develop and boost skills and approaches to assist parents of children with ASD considerable
endeavor has been done. Parental involvement in the intervention process has been stressed in different
studies. Involving parents in treatment implementation is advisable but to be able to facilitate this
involvement different aspects of caregiving should be understood and taking into account.

This paper reviews key areas of existing literature focused on the parents of individuals with ASD
to highlight different aspects of caregiving and the need for understanding the different impacts of
caregiving. Therefore based on the Mayer [10] classification of different types of reviews, this paper is
a narrative review in which few selected reviews are compared and summarized based on the authors’
experience, existing theories, and models to understand the possible concerns, study trends, and ideas
for future studies.

The ultimate goal of this review is to understand the potential of caregivers and caregiving process
for an individual with ASD and to understand different aspects of caregiving for individuals with ASD
in different societies and to recognize different impacts that caregiving might have on caregivers. This
is done to answer the following questions;

Have the presented reviews covered the different aspects of caregiving for an individual with ASD?
How did the presented reviews on caregiving for an individual with ASD echo different theoretical

frameworks to explain the phenomena that are considered to be investigated?
How did the presented reviews reveal the geographical distribution of the studies on the impacts

of caregiving for an individual with ASD?
Based on the aims of the narrative review, which are described, and discussing the state of the

science of a specific topic or theme from a theoretical and contextual point of view, this review also
tries to highlight the research trends in the available literature and stresses the areas that are less
studied through critical analysis of the literature published in books and electronic or paper-based
journal articles.

1.1. Caregivers-Focused ASD Research

It has been long identified from previous studies that caregiving for a member with ASD are
more at risk from psychiatric and/or stress disorders because of the range of distinct challenges they
have [11,12].

The presence of a child with ASD seriously affects the family system as a whole [13,14]. It may have
both negative and positive consequences for parents [15]. The majority of individuals with ASD require
assistance with their daily routine activities, which is mainly provided by the caregivers who are family
members. The activities are in a wide range and cover areas such as self-care, mobility, communication,
and cognitive or emotional demands [16,17]. This is why many caregivers of individuals with
ASD experience challenges with their general health compared to those who are caring for typically
developing individuals or those who have other types of developmental disabilities [18–21].
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1.2. Quality of Life and Sources of Stress among Family Members and Caregivers of Individuals with ASD.

To identify challenges associated with caregiving to a member with ASD in family settings many
studies have been done and they mainly focused on the qualities of life and maternal stress as mothers
are generally the main caregiver for individuals with ASD in the family.

Different factors are contributing to challenges associated with the caregivers’ quality of life and
general wellbeing. The level of functional impairment and the presence of challenging behavior appear
to contribute specifically to parenting challenges [22]. For example sleep problems of children with
ASD could be considered as a source of parental stress. The most common problems reported were
“bedtime resistance” and parasomnias [23], which refer to any sleep disorder such as sleepwalking,
teeth grinding, night terrors, rhythmic movement disorder, and restless legs syndrome [24].

To understand the contributing factors of challenges for parents of children with ASD investigation
on other factors needs. Contributing factors might be coping strategies, available formal and informal
supports, satisfaction with caregiving, and family functioning. It is concluded in many present studies
that greater social supports for the caregivers, obtaining adaptive coping strategies and caring for an
individual with a milder form of ASD related behaviors tend to adjust more easily to the caregiving
demands and experience lower levels of stress [25–29]. The present findings extended the existing
knowledge and instead of finding the sources of the distress of ASD caregivers inside the family system,
we adopted a broader view and discovered that parents of this group of children were motivated
to continue employment because of the extra expenses caregiving imposed on them [30], but there
are serious burdens on the way of their employment such as a lack of proper childcare services and
inflexible employment situations [31]. As a new threat to the general wellbeing and level of stress of
caregivers of an individual with ASD unemployment has been added to the list [32].

The key phrases for this paper are parents of children with ASD and the care that they are
providing to their child with ASD. To operationalize this phrase it should be defined as the caregiving
and supports characterized by attention to the needs of their child; particularly for those unable to look
after themselves sufficiently due to the diagnosis of ASD and involved in the provision of their health
or social care. The focus of this narrative review is on the presented reviews on parental caregiving
regardless of their age level and it covered both young and old caregivers.

2. Materials and Methods

In recruiting the review papers for this review, review papers published from 2010 to 2020 were
considered, Google Scholar as the main base and publicly accessible source considered. The main focus
was on recent review studies published in peer-reviewed journals to investigate the impact of ASD
on parents in English language journal papers. The “Autism parents Review”, “Autism caregivers’
impacts review”, and “family impacts and Autism review” were used as the keywords. The titles
of the recruited studies are mentioned in the first column of Table 1. Several other keywords such
as “parents”, “family members”, “caregivers”, “mothers”, and “fathers” also were used along with
the backbone word of “review” to find desired review papers. The results are depicted in Table 1.
Ten review papers in all were considered for this review.

The main purpose of this review was to find out what researchers have in mind when they review
the impact of caregiving for an individual with ASD.
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Table 1. Reviews about impacts of caregiving on parents of children with an Autism Spectrum Disorder (ASD).

The Review Title Author(s)
Number of
Reviewed

Studies
Main Findings

The Geographical
Area That the Study

is Done

Considering Autism as a
General Diagnosis/with

Subtypes

Theoretical Framework
Considered in the

Review

The quality of life of
parents of children with

autism spectrum disorder:
A systematic review

Vasilopoulou, and
Nisbet (2016) [33]

88 studies

Compared to parents of typically developing children
or population norms, parents of children with ASD

show a poorer quality of life. Contributing factors of
parental quality of life were discovered to be the

behavioral challenge of the child with ASD, parental
unemployment, mother caregivers, and lack of social

support for parents.

UK

Autism Spectrum
Disorders (ASD)

considered as one main
diagnosis

TF in the reviewed
studies was not

considered

Mindfulness, Stress, and
Well-Being in Parents of
Children with Autism
Spectrum Disorder: A

Systematic Review

Cachia, Anderson,
Moore (2010) [34]

10 Studies

Reviewing the efficacy of interventions in reducing
stress and increasing parental psychological wellbeing

indicates that all included studies contributed to the
efficacy of mindfulness interventions in reducing stress

and increasing parental self-reported psychological
wellbeing

Australia
Autism as a general

diagnosis is mentioned

TF in the reviewed
studies was not

considered

Couple relationships
among parents of children

and adolescents with
Autism Spectrum Disorder:

Findings from a scoping
review of the literature

Saini, M., Stoddart,
K.P., Gibson, M.,

Morris, R., Barrett, D.,
Muskat, B. and

Zwaigenbaum, L.
(2015) [35]

59 studies

Factors that support the development and maintenance
of positive couple and co-parenting marital relationship

are strategies such as developing common goals,
increasing partner respect, securing social support,

reducing stress, and instilling hope and service
providers and parents of individuals with ASD
benefited in receiving information about all the

mentioned factors

Canada
The severity of autism as

a main diagnosis is
considered

TF in the reviewed
studies was not

considered

Parent and Family Impact
of Autism Spectrum

Disorders: A Review and
Proposed Model for

Intervention Evaluation

Karst, and Van Hecke,
(2012). [36]

Not Mentioned

Most reviews on ASD intervention considered children
as the main focus; parent and family factors are ignored.

It is not possible to assume that even significant
improvements in the diagnosed child will improve

parental distress, especially as the time and expense of
intervention might increase family disruption.

USA
Contribution of the

different levels of severity
of ASD is considered

TF in the reviewed
studies is considered

Coping in Parents and
Caregivers of Children

with Autism
Spectrum Disorders (ASD):

a Review

Lai and Oei, (2014).)
[37]

37 studies

Parental use of coping strategies determined by (1)
demographical characteristics (such as gender, age,

education, income, and language) and psychological
and personal factors (such as personality, cultural

values, optimism, sense of coherence, benefit-finding
and sense-making abilities, emotional health, and

coping styles). It is also concluded that child
characteristics (i.e., age, gender, medical conditions,

cognitive and adaptive functioning abilities, language
difficulties, and behavior problems) and also situational
factors (such as treatment availability, family function,

and clinician referrals to support resources) are all
important determinants.

Singapore
ASD as a general term

and main diagnosis
TF in the reviewed

studies is considered
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Table 1. Cont.

The Review Title Author(s)
Number of
Reviewed

Studies
Main Findings

The Geographical
Area That the Study

is Done

Considering Autism as a
General Diagnosis/with

Subtypes

Theoretical Framework
Considered in the

Review

A Review of Parent
Education Programs for
Parents of Children With

Autism
Spectrum Disorders

Schultz, Schmidt and
Stichter (2011) [38]

30 studies

Studies mainly included descriptions of programs for
parents of young children with ASD. They are generally

focused on a one-on-one training approach. They
moderately considered a manual or curriculum.

Mostly included data on parent and child outcomes. A
majority considered single-case designs to evaluate

program affectivity. No data on fidelity of
implementation reported in the reviewed studies

USA

The severity of symptoms
not mentioned and ASD

considered a general
diagnostic term.

TF in the reviewed
studies was not

considered

The Need for More
Effective Father

Involvement in Early
Autism Intervention. A
Systematic Review and

Recommendations

Flippin and Crais
(2011). [39]

27 studies

Considering communication and play as a focal point
for the interventions that support fathers’

communication styles and learning needs will likely
attract fathers and make them feel more influential in
their reciprocity with their child with ASD. Involving

fathers effectively in communication and play
interventions may reduce maternal stress and boost

family cohesion.

USA
ASD has generally used

as a diagnostic term

TF in the reviewed
studies was not

considered

Family-focused autism
spectrum disorder research:

A review of the utility of
family systems approaches

Cridland, Jones,
Magee, and Caputi,

(2014). [40]
Not mentioned

The theoretical and methodological directions for
family-focused ASD research indicates that family

systems approaches as a common theoretical
framework

needs to be more considered in future family-focused
ASD research. Considering theoretical concepts such as
boundaries, ambiguous loss, resilience, and traumatic
growth are all different aspects of family systems TF.

Australia
ASD has generally been

used as a diagnostic term
TF in the reviewed

studies is considered

Fathers of Youth with
Autism Spectrum Disorder:
A Systematic Review of the

Impact of Fathers’
Involvement on Youth,

Families, and Intervention.

Rankin, Paisley,
Tomeny, and Eldred

(2019). [41]
18 studies

There is a dearth of studies on fathers and ASD.
this review suggests that fathers of individuals with

ASD play an important role in the life of children with
ASD and the family as a whole and should be included

in future research on children with ASD.

USA
ASD as a general
diagnostic label is

considered

TF in the reviewed
studies was not

considered

Siblings and family
environments of persons

with autism spectrum
disorder: A review of the

literature

Smith, and Elder
(2010). [42]

12 studies

Factors such as biological, psychological, sociological,
and ecological aspects impacted families and siblings
are influenced by the context of their families that has

already been under the influence of the mentioned
factors. To identify people who are at risk of

adjustment problem assessment of siblings is necessary.

USA
Autism as a general

diagnosis is used
TF in the reviewed

studies is considered
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3. Results

Out of ten reviewed reviews, four of them considered the theoretical framework (TF) as one main
factor in their review and some others reviews although TF was named or mentioned hence, it was
not considered in the review as a factor. Although the wealth of data out of the considerable amount
of studies reviewed it was mentioned that studies mainly recruited mothers and fathers are rarely
investigated. The recruited sample of fathers in those studies that considered both parents was far
lower than the number of mothers. Available studies rarely focused on the positive side of caregiving.
Additionally, only one review (in Singapore) was done in non-western societies and considered the
cultural factor as a factor to consider in the review. There was only one review that considered the
impacts of the level of functioning of ASD as a factor. The rest of the other reviews although tried
to consider the level of the functioning or severity of the symptoms in some of the recruited studies,
but mainly considered ASD as a general diagnostic term regardless of the level of functioning based on
the formal diagnostic procedure.

The following part based on the narrative review aims to find important topics on different
general findings of the reviewed reviews presented under the different extracted subtitles. Therefore
this narrative review of the reviews will give a detailed explanation of the important findings of the
recruited reviews.

3.1. Impacts of Adopting a Theoretical Framework

The theoretical framework acts as a guide or plan for a study. According to philosophers of
science like Thomas Kuhn [43], observations are “theory-laden” and impacted by the theoretical
presuppositions considered by the researcher. That is an inevitable part of every research that needs
data collection, so degrees of contamination of data by background assumptions are unavoidable.
However, the explicit mention of the theoretical work acts as a caveat for the reader. The reviews
reviewed for the current paper have been based on a range of theoretical models. In some reviews
these theories were explicit but often the theories were not considered as independent under the review
factor. Based on the World Health Organization [44] suggestion any theoretical framework that is
adopted for studies on impacts on caregiving for individuals with ASD should consider at least the
following three criteria:

• Cultural issues: the theories had to consider the impact of the social context, cultural influences,
and attitudes.

• Compatibility with the family-centered approach: theories had to be compatible with
family-centered approaches.

• Conceptions of disability: the theories needed to reflect modern thinking about disability, such as
is reflected in the International Classification of Functioning (ICF).

Set against these considerations, the two most promising frameworks were ecological approaches
to the family [45] and family systems theory [46]. Having a review of the present studies also highlights
the limitations of basic research designs adopted from the considered theoretical framework in an
attempt to understand the complex interplay between contributing factors of the challenges associated
with caregiving for individuals with ASD. As an example to depict the impacts of adopting different
theoretical frameworks is that as Turnbull, et al. [47] say, while some theoretical frameworks try to “fix”
the individual with a disability and having him/her fit into different levels of family, community, and
society, the ecological model’s [48] main endeavor is on “fixing” the multiple ecological environments.
Therefore, according to an ecological model, the focus is on a transformed ecology in which children
with different types of disabilities can develop through the interaction of their skills with a responsive
context [47]. Therefore, in this TF “passive change” as an important factor is taken into account in
which a person is not entirely passive and can cause changes in his/her context [49]. Another used
TF is the Double ABCX model [50,51], which consists of three components: demands, capabilities,
and meanings (situational appraisals) and has been employed to understand the psychosocial impact
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of children’s chronic conditions in parenting and the factors affecting their adjustment to the child’s
diagnosis. In sum, the different and changing nature of the under investigation caregiving factors
urged the researcher to adopt different TFs. To bridge the existing gap between research and practice,
it became evident that there is a need to expand TF through adopted TF conceptual models that are
consistent with each other, and could cover conceptual shortcomings and generalize findings [52]

3.2. Impacts of Recruiting Convenient Samples

Most of the studies considered mothers and research on the impact of caregiving for a child with
different types of developmental disabilities such as ASD on fathers has been infrequent [53,54]. One of
the obvious limitations with the present data is that they are skewed towards mothers and in most of
the present studies the mothers’ perspective is considered to be the perspective of all the caregivers
in the family [55,56]. Although mothers are considered to be the main caregivers in most cultures,
different caregivers in the family might have a different experience in the process of caregiving for an
individual with ASD at home [57]. Although the word “parents” is in the title of most of the studies in
the files of caregivers’ impacts, the research often was undertaken exclusively or mainly on mothers.
Nevertheless, recognizing fathers and their needs has received more attention in recent studies [58].
While available reviews suggest that fathers of children with ASD are not often included in research
on individuals with ASD, American Counseling Association [59] proposed special counseling for
fathers with counselors deeply considering the fathers’ cultural context. Researchers in the field of
developmental disabilities have identified fathers with different words and adjectives, words such
as “hard to reach” [60], or “just a shadow” [61]. One main justification is that mothers are generally
the main caregivers of their children with special needs globally. Bailey and Powell [53] suggest that
mothers tend to spend more time with their children with developmental disabilities and they are
more available to participate in studies. According to Altiere and Kluge [62], although the experience
and behavior of fathers of children with ASD were considered important, it has not been evaluated
consistently. A review of the available literature on child and family psychopathology revealed that
48% of the studies assessed mothers exclusively and 1% assessed fathers. Traustadottir [63] believed
that this is because in families of children with developmental disabilities mothers are less likely to be
employed in paid jobs and they are expected to take the major caring responsibilities for the child.

3.3. Focusing on Negative Aspects Of Caregiving

In one of the reviews it mentioned that only a small number of parents highlighted the positive
impacts of caregiving for a child with ASD on parents/caregivers [35]. There is substantial evidence
that the presence of a child with ASD seriously affects the family system as a whole with both negative
and positive impacts [14]. There is a considerable amount of studies on the stress and wellbeing of
families who have a child with ASD [64,65]. However, only a small number of the available existing
research also recognizes some positive influences of ASD on caregivers and their overall functioning,
including psychological and emotional strength, improved communication skills, and higher levels
of empathy and patience [66] reported positive impacts associated with bringing up a child with
ASD such as increased spirituality or increased compassion and acceptance of differences reported by
Pakenham, et al., [67] or Hastings and Taunt [68] found that positive perception of parents of children
with different severe forms of disabilities such as ASD could help parents to cope with high levels of
stress and serve as an adaptive function.

In a review of the available literature on the impact of caregiving for a child with disabilities,
which has been done by Savage and Bailey [69] in Australia, they found that generally researchers
found less satisfaction with life and caring among parents of this group of children. They also found
some other studies about the positive impact of caring of a child with disabilities on parents, in which
factors such as giving pleasure to the care recipient, maintaining the dignity and maximizing the
potential of the care recipient were mentioned by parents [68].
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3.4. The Dearth of Cross-Cultural Studies

Internationally, most studies were done in the west research on parents of children with ASD
and the effects of having a child with ASD to date have been limited largely to families in western
countries, and there is a dearth of studies in non-western counties [70]. Bailey and Powell [51] reported
that different cultures have different opinions about ASD. Nonetheless, in addition to the World
Autism Organization, national organizations for children and families with autism now exist in over
80 countries, suggesting that at least the diagnostic category has traveled around the world. Hence
even inside multicultural countries, there are tendencies toward focusing on research interest towards
special groups such as White Euro-American families [71]. Unfortunately, there is a dearth of studies
regarding the impact of the condition on parents of children with ASD in less affluent countries.

In sum, although there is an appreciable amount of literature on families of children with different
types of disabilities, including ASD, in western countries, little is known about the experience of
parents in non-western societies. A small group of the reviewed studies investigated the impacts of
cross-cultural factors on caregiving for an individual with ASD as a process in different contexts. Due
to the possible impact of cultural factors on parental adjustment to the demands of this special type
of caregiving, it is recommended that future studies consider the effects of cultural values through
adopting cross-cultural studies.

3.5. Considering ASD as a Single Diagnosis with Similar Impacts

Individuals with ASD are a very heterogeneous group with different types of abilities and
challenges and some studies attributed this heterogeneity to different factors such as genetic
heterogeneity among the members of this group [72]. A hallmark of ASD and different needs
is due to heterogeneity in etiology, phenotype, and outcome. Different support and services and a
variety of impacts on caregivers might be an inevitable output of this heterogeneity. Hence, most
of the reviewed studies combine different levels of ASD into one general class of diagnosis. Some
studies stress the need to investigate a different type of ASD separately. As an example, the impacts on
caregiving for the high functioning group are less studied [73] and most of the available considered the
severe forms of ASDs. In a concise review of the literature, it was concluded that understanding of
ASD subgroups, their associated markers of pathological states, and different cross-cultural factors
such as impacts on the family are imperative to advancing this field of research [74].

4. Discussion

There is a growing interest in studying the impact of caregiving for children with ASD on parents.
Hence, there are aspects of the available literature that needs revision.

It cannot be neglected that there is a need for studies that reflect on the bigger picture and create
linkages rather than perpetuating the highly specific compartments in which much of the present
knowledge and understanding about ASD is imperfectly created.

Instead of reviewing the studies, we believed that highlighting the present concern in the available
literature as an aim might be better achieved by undertaking a narrative review of the various literature
reviews that have been published in the past decade through a ‘review of reviews’ that is rarely
undertaken and they lend themselves well to a narrative review.

We believe that this type of review would provide a stronger basis to identify the different levels
of theoretical frameworks; for example, a high-level TF such as ecological approaches provides an
over-arching framework in which other frameworks such as family systems theory or stress/coping
could be defined.

TF as a guiding base for the research in this field was considered as one of the main factors in this
review. The theory is defined as an expression of knowledge, a creative and rigorous structuring of
ideas that project a tentative, purposeful, and systematic view of phenomena [75]. As Waterhouse [76]
suggests, without adopting an appropriate theoretical framework, studies are more likely to be
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influenced by extraneous factors such as social consensus, convenience samples, opportunities for
immediate applications, and researcher preferences. To limit the probability of these risks there
is a need for adopting a generic theoretical framework. The reason for considering the common
theoretical frameworks in any scientific field is to provide an explanation for the connections among
the phenomena under investigation and to provide insights to discover new relationships between
phenomena [77]. Swanson [78] concluded that the benefits of a theoretically driven body of work
include the utilization of common terminology to improve communication of findings, research
methodologies grounded in theoretically sound concepts, and a greater synthesis of results from
various individual research studies allowing for detection of emerging patterns.

The review also revealed ambivalence between different negative and positive sides of caregiving.
Parents who have a child with disabilities are not automatically under stress [79]. Some studies [66]
found that some families have been able to cope successfully and control stress conditions. In other
words, there are several studies on the positive impact of having a family member with a disability on
their quality of life and strengthening of the family members as a unit [80,81]. Having a member with
ASD in the family may have both negative and positive consequences for parents [82] For example,
concepts such as “benefit finding” and “sense-making” was explored as the perception of parents
of children with ASD [67]. They found that there are parents who are trying to understand the way
that their children with ASD perceive the world around them and this endeavor might improve
the parent–child relationship. This was considered a positive consequence of having a child with
ASD. This aspect might be worth exploring further with parental caregiving to a child with ASD
globally. For example, many caregivers report various positive psychological outcomes attributed to
parenting their offspring with ASD including selflessness, compassion, and peace during hardship
such as a time of uncertainty and a refocus of energy [40,66]. Research into the positive impacts
of ASD on families is encouraging but is only relatively recent. Additionally, there are areas such
as parental resilience, traumatic growth, family relationship, different aspects of development, and
appreciation of life and enrichment of relationships that would benefit further research [83–85]. Positive
psychology has already recommended similar approaches within the field of developmental disabilities
research [66–68]. At present, there are mixed results and opposite findings with some reporting
positive effects in areas such as self-concept and self-competence of the family members [86,87] and
mainly negative impacts on areas such as stigma mainly in the form of social embarrassment [88,89]
and psychological distress [90]. On the other hand, some findings indicated no differential impact in
areas such as self-concept, self-efficacy, and locus of control [91,92]. The presented work is justified
differently, hence, it reflects different impacts of caregiving on caregivers. The findings also revealed
the dynamic nature of caregiving, which prohibits any “cause–effect” and direct simple relationship
between the under investigating phoneme [57]. Furthermore, the mixed findings of the studies might
be an indicator of the attributing factors that are not investigated, understood, or taken into account in
previously implemented research designs; factors such as level and sources of parents and caregivers
information, family type (extended or non-extended), caregiving at different stages of life, and a range
of cultural and demographic factors such as socioeconomic status, nationality, and locality and the
severity of a specific diagnosis such as ASD [40]. It is concluded that present inconsistencies in the
interpretation of the findings of the available wealth of data are due to considering the contributing
factors in isolation and away from other possibly related causative issues [78,93,94].

It is also an important factor to conclude this review with, although ASD is considered as a global
public health concern [95], it is estimated that approximately 90% of individuals with ASD live in
low/middle-income countries [96]. Hence most of the studies are done in high-income countries and
the resulting data due to a significantly different situation may result in very different consequences.
There is a growing urge for doing cross-cultural studies in this field because culturally adapted parental
services for ethnic minorities could also contribute to the diversity of the parental support and training
services in the countries in which immigrants live. This is also relevant to high-income countries
that admit immigrants from different cultures, to offer more culturally sensitive services concerning
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the supports provided to parents as caregivers. The main extracted findings from the reviewed
reviews in this paper are not unique to the level of the development of the countries and there are
particular challenges for parents of these children, which is global and of relevance to different nations.
Furthermore, additional cross-cultural research, albeit within a local context in different countries,
is essential if the international understanding of ASD is to be boosted globally.

In sum, it is reported that impacts of caregiving for an individual with ASD is multifaceted and
pervasive [97] the main reason for this justification is that approximately 85% of individuals with
ASD present with different types limitations and disabilities such as cognitive and/or adaptive in a
degree that reduced their possibility of living independently. This lifelong condition caused livelong
supervision or assistance in different degrees from their parents or a family member as the main
caregivers [98]. Longitudinal studies revealed that almost 50% of over fifty parents of an individual
with ASD indicated that they are still caregiving for their offspring with ASD [99]. Caregiving of a
child with ASD might have different impacts on different family members and all members deserve to
be taken into account in the studies on impacts of caregiving. Parents and caregivers should receive
adequate attention and services. It seems that providing opportunities to both parents in a balanced
way and considering the ideas and impacts of ASD on both parents and also giving the opportunity of
hearing their voices through their own words may produce more generalizable and reliable results.

Not only parents of children with ASD consisting of a diverse group of people with different
backgrounds and needs, but individuals with ASD also are a very heterogeneous group with different
levels of abilities or functioning that makes it difficult to consider an individual with this diagnosis as
an equal group with similar impacts on caregivers. Underrating the level of functioning and severity of
symptoms might yield less trustful results. Proposed changes to the DSM-5 in 2013 include dimensional
assessments intended to allow clinicians to rate both the presence and severity of psychiatric and
related symptoms in a clear way within diagnostic categories [100]. The proposed revisions about the
diagnosis of an Autism Spectrum Disorder (ASD) include a severity marker based on the degree of
impairment in the domains of social communication and restricted and repetitive behaviors as the
dyad of impaired core symptoms. The most recent revision of the Autism Diagnostic Observation
Scale—Second Edition (ADOS-2) [101] provides guidelines for calculating the overall level of autism
symptoms relative to individuals with ASD of the same age and language level using a rubric called
Comparison Scores (CS).

Another possible source for classification following the level of abilities is the International
Classification of Functioning, Disability, and Health (ICF), which is a classification and description
of functioning, disability, and health using a biopsychosocial theoretical concept that classifies
information into four components to classify individuals with a different type of disabilities such as
ASD. These components are (1) body functions and body structures, (2) activities and participation,
(3) environmental factors, and (4) personal factors. These factors interact with each other to influence
the functioning and are classified and described in the ICF manual [102]. These systems might be able
to be used for classifying the level of functioning and degree of severities of individuals with ASD.

Although considering that the methodology and data analysis approaches were out of the coverage
of this review, most of the available studies adopted a quantitative approach and the mixed approaches
or qualitative method is rarely used. Most of the studies adopted a voluntary survey approach in
which sampling bias is more possible to happen. This group of participants is more active and open
to share their experiences and they do not necessarily echo the existing ideas of all caregivers of the
ASD population.

The role of the cultural components can be considered in qualitative studies in more depth.
Participants of the qualitative or mixed approaches studies get the opportunity of expressing their
ideas through their own words.
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5. Conclusions

The present review of the reviews highlighted a lack of strong empirical evidence on the structure
of studies that considered impacts of caregiving for an individual with ASD on parents/caregivers.

ASD implies a very heterogeneous group of individuals and this is a multifaceted diagnosis with
a range of severity and levels of abilities. Individuals place a range of demands on their caregivers,
and parents have varying challenges that need to be responded to reduce any additional pressures
associated with caregiving. To be able to prepare caregivers of individuals with ASD different aspects
of caregiving should be understood.

This review also cautions against the acceptance of the impacts of caregiving at face value and
recommends that at the beginning the context and structure of caregiving should be established, before
determining links between different aspects of under investigated contributing factors.

In this note, future evaluations need to be done to understand different aspects of caregiving in
different cultural contexts to facilitate issues such as parental presence in the intervention process and
to provide effective parental support and services packages.
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Abstract: (1) Background: Reward responsiveness (RR) is a risk factor for high-risk behaviors such
as aggressive behaviors and early sexual initiation, which are all reported to be higher in African
American and low socioeconomic status adolescents. At the same time, parental education is one of
the main drivers of reward responsiveness among adolescents. It is still unknown if some of this
racial and economic gap is attributed to weaker effects of parental education for African Americans,
a pattern also called minorities’ diminished returns (MDRs). (2) Aim: We compared non-Hispanic
White and African American adolescents for the effects of parent education on adolescents RR,
a psychological and cognitive construct that is closely associated with high-risk behaviors such as the
use of drugs, alcohol, and tobacco. (3) Methods: This was a cross-sectional analysis that included
7072 adolescents from the adolescent brain cognitive development (ABCD) study. The independent
variable was parent education. The main outcome as adolescents’ RR measured by the behavioral
inhibition system (BIS) and behavioral activation system (BAS) measure. (4) Results: In the overall
sample, high parent education was associated with lower levels of RR. In the overall sample, we
found a statistically significant interaction between race and parent education on adolescents’ RR. The
observed statistical interaction term suggested that high parent education is associated with a weaker
effect on RR for African American than non-Hispanic White adolescents. In race-stratified models,
high parent education was only associated with lower RR for non-Hispanic White but not African
American adolescents. (5) Conclusion: Parent education reduces RR for non-Hispanic White but not
African American adolescents. To minimize the racial gap in brain development and risk-taking
behaviors, we need to address societal barriers that diminish the returns of parent education and
resources in African American families. We need public and social policies that target structural and
societal barriers, such as the unequal distribution of opportunities and resources. To meet such an aim,
we need to reduce the negative effects of social stratification, segregation, racism, and discrimination
in the daily lives of African American parents and families. Through an approach like this, African
American families and parents can effectively mobilize their resources and utilize their human capital
to secure the best possible tangible outcomes for their adolescents.
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1. Introduction

Reward responsiveness (RR) [1], a trait closely linked to impulsivity and risk taking [2], is a
major driver of high-risk behaviors such as tobacco use [3–8], alcohol use [9–12], emotional eating [13],
obesity [14], aggression [15], and sexual risk [16,17]. High RR is also associated with a wide range of
psychiatric disorders such as depression, bipolar disorder, anxiety, and post-traumatic stress disorder
(PTSD) [18]. Similar to the evidence that high-risk behaviors [19] and impulsivity [20,21] may be
linked to race and socioeconomic status (SES), youth and adults with African American and low
SES backgrounds may report higher RR than individuals from non-Hispanic White and high SES
backgrounds [22].

Based on Gray’s reinforcement sensitivity theory (RST) [23], RR is one of the two neurobiological
bases that guide human’s emotions, motivations, and behaviors. Rooted in the behavioral approach
system (BAS) developed by the Carver and White [14], high RR reflects individuals’ high sensitivity
to conditioned cues, which signal them about a higher-than-luck probability of reward. Individuals
with a high score on the RR trait are more likely to act on any cues that may generate internal or
external reward. In the recent version of the same theory [24], Gray and McNaughton have discussed
BAS-based RR as well as approach-related behaviors and stimuli that contribute to human decisions,
choices, and behaviors. Many investigators have found evidence linking the RR trait to a wide range
of health and behavioral outcomes in clinical [22,25,26] as well as community [27] samples. RR is also
highly relevant to adolescents’ behaviors and risk- taking [9,13,28].

Relative to their non-Hispanic White counterparts, African American adolescents are at an
increased risk of high-risk behaviors. For example, African American adolescents are more likely than
non-Hispanic White adolescents to be at risk of aggression [29], early sexual debut [30], and poor
school performance [31]. As these early risk taking behaviors operate as a barrier against positive
and desired health and economic outcomes later in life [32–35], it is essential to study environmental
and psychological factors that explain high RR (and associated risky behaviors) of African American
adolescents. Such knowledge may inform public and social policies as well as interventions that can
be implemented during adolescence to eliminate later racial inequalities [32–35].

Given the close overlap between race and parental education in the US [36], researchers have
shown immense interest in understanding the combined effects of race and parental education on
adolescents’ inequalities [37–39]. As both racial minority status and low parental education reflect
food and housing insecurity, economic adversities, stress, and financial difficulties [40–43], some of the
effects of race may be in fact due to low parental education in African American families. Thus, low
parental education may carry some of the effects of race on adolescents’ outcomes [36]. Recent data,
however, show that the effects of race and parental education are more complex as they show both
mediation and moderation effects on health inequalities [44–47]. While parental education is also a
proxy of access to risk and protective factors [44–47], the protective effects of parental education seem
to be weaker for African American than non-Hispanic White adolescents.

There are at least two complementary theories that provide an explanation for how race and
parental education jointly impact adolescents’ outcomes. The first theory, dominant in the literature,
and more commonly used as an explanation of the inequalities, attributes the observed racial gap in
adolescents’ outcomes to the observed differences in parental education and other family SES indicators
across racial groups [36,48–50]. In a statistical term, this theory conceptualizes parental education as
the mediator (why) for racial differences in adolescents’ outcomes [51–53]. If this theory is followed,
then the strategic goal for closing the racial gap in adolescents’ health would be to close the racial gap
in family SES. Some example policy modalities in line with this strategy include income redistribution
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policies, minimum wage policies, or an earned income tax credit that help racial minorities to earn
higher income and accumulate more wealth [54,55].

Minorities’ diminished returns (MDRs) [56,57], the second theory, however, argues that the
effects of parental education and other family SES indicators tend to be weaker for racial minority
groups such as African Americans, when compared to non-Hispanic Whites. This line of view is not
against the traditional mediational model but provides an additional explanation for why, despite
years of investment and the decline in the gap between races in terms of family SES, the racial and
economic health gaps are still sustained and in some cases, widened [58–62]. The MDRs theory has been
supported by a large number of papers showing that parental education [63], family income [64,65], and
marital status [66] generate less health and well-being for African American than non-Hispanic White
adolescents. This literature is repeatedly shown for emotional and behavioral outcomes [63–65,67,68].
For example, high family SES showed a smaller effect as a preventive factor on impulsivity [64],
depression [67], anxiety [69], aggression [63], low grade point average (GPA) [63,70,71], and substance
use [63] for African American than non-Hispanic White adolescents. Similarly, high SES African
American youth are found to be at high risk of attention deficit hyperactive disorder (ADHD) [72]
and obesity [73]. Given the existing MDRs, it would be too optimistic and unrealistic to expect racial
inequities to disappear even if we could fully eliminate SES inequalities. In this view, SES indicators
such as parental education are seen as both a remedy and also a source of inequalities across racial
groups. While it is essential to eliminate the SES gap, we should complement our policy responses in a
specific way that particularly empowers African American families to mobilize their resources and
secure better health outcomes [56,57].

As described above, the MDR literature suggests that the educational attainment of oneself [74]
and one’s parents [75–77] generate fewer tangible outcomes for racial minorities such as African
Americans. This might be because African Americans and non-Hispanic Whites differ in getting
chances and opportunities to mobilize their education and secure high paying jobs in the presence of
high education [57,64,69,76,78,79]. As a result of these MDRs of parental education, compared to their
non-Hispanic White counterparts, African American adolescents with highly educated parents show
worse than expected outcomes that are disproportionate to their family SES [56,57,64,65,68]. Although
these findings may be similar to what may be expected due regression to the mean, in a recent paper,
we published and showed that MDRs are not due to such a superfluous association [80].

Aims

To extend the science on what we already know about the role of RR as a mechanism for explaining
MDRs for high-risk behaviors such as aggression, tobacco use, and impulsivity, in this study, we
explored the combined effects of race and parent education on adolescents’ RR. Thus, we compared
African American and non-Hispanic White adolescents for the effect of parent education, a strong
family SES determinant of adolescents’ various behaviors, and RR. We expected a weaker effect of
parent education on RR for African American than non-Hispanic White adolescents.

2. Methods

2.1. Design and Settings

We performed a secondary analysis of data from the adolescent brain cognitive development
(ABCD) study [81–85], a landmark adolescents brain development study in the United States. Detailed
information on the ABCD study is available elsewhere [81,86].

2.2. Participants and Sampling

Participants of the ABCD study were adolescents ages 9–10 years old. Adolescents in the ABCD
study were recruited from multiple cities across states. Overall, there were 21 sites that recruited
adolescents to the ABCD study. The recruitment of the ABCD sample was mainly done through school
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systems. A detailed description of the ABCD sampling is available here [87]. Four thousand one
hundred eighty-eight participants entered our analysis. Eligibility for our analysis had valid data
on race, parental education, marital status, RR, and being African American or non-Hispanic White.
The analytical sample of this paper consisted of 7072 participants.

2.3. Study Variables

The study variables included race, demographic factors, parent education, parental marital status,
and RR.

2.4. Outcome

Reward responsiveness (RR). In this study, RR was measured using the behavioral approach
system (BAS) [1] developed by the Carver and White [14]. They define RR as a trait closely linked
to impulsivity and risk taking [2], with a significant relevance to high-risk behaviors such as tobacco
use [3–8], alcohol use [9–12], emotional eating [13], obesity [14], aggression [15], and sexual risk [16,17].
Based on Gray’s reinforcement sensitivity theory (RST) [23], a high score on the RR trait reflects
individuals’ high sensitivity to conditioned cues, which signal the individual about a higher-than-luck
probability of reward. We operationalized a BAS-based RR score, which was a continuous measure.
Although BAS had other measures such as drive and fun seeking, we only used RR. This was because
we built this study to examine effects on RR, not all BAS measures.

2.4.1. Moderator: Race

Race was self-identified. Race was a categorical variable and coded 1 for African Americans and 0
for non-Hispanic Whites (reference category). All people of a Hispanic background were excluded.
We used the one drop rule to handle people who identified as both White and African American. That
means individuals would be considered African American if they identify as both African American
and White.

2.4.2. Independent Variable: Parent Education

Participants were asked, “What is the highest grade or level of school you have completed or the
highest degree you have received?”. Responses were 0 = never attended/kindergarten only; 1 = 1st
grade; 2 = 2nd grade; 3 = 3rd grade; 4 = 4th grade 4; 5 = 5th grade; 6 = 6th grade 6; 7 = 7th grade 7;
8 = 8th grade; 9 = 9th grade; 10 = 10th grade 10; 11 = 11th grade; 12 = 12th grade; 13 = high school
graduate; 14 = GED or equivalent diploma; 15 = some college; 16 = associate degree: occupational;
17 = associate degree: academic program; 18 = Bachelor’s degree (ex. BA); 19 =Master’s degree (ex.
MA); 20 = professional school degree (ex. MD); and 21 = Doctoral degree. This variable was coded in
two distinct ways. First, it was coded as measured. This was an interval measure with a range between
1 and 21. Second, we adopted the Jaeger [88] coding approach with a range from 31 to 46. For both
variables, a higher score indicated higher educational attainment.

2.4.3. Confounders: Demographic Factors

Age, sex, parental marital status, and household size were the confounders. Parents reported the
age of their adolescents. Age (years) was calculated as the difference between the date of birth to the
date of the enrollment to the study. Sex was a dichotomous variable: males = 1, females = 0. Parental
marital status was a dichotomous variable. This variable was self-reported by the parent who was
interviewed. This variable was coded as married = 1 vs. other = 0. Household size, reported by the
parent, was a continuous measure.
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2.5. Data Analysis

We used the statistical package SPSS to perform our data analysis. Mean (standard deviation
(SD)) and frequency (%) were described depending on the variable type. We also performed a Chi
square and independent sample t test to test bivariate associations between race and study variables.
For our multivariable modeling, we performed four linear regression models. Our first two models
were performed in the overall sample. Model 3 was performed without the interaction terms. Model 4

added an interaction term between race and parental education attainment. Then we performed two
additional models specifically to race (race-stratified models). Model 3 was tested in non-Hispanic White
and Model 4 was tested in African American adolescents. Our models used age, sex, marital status, and
household size as the covariates. We ran identical models using various coding of educational variable.
Our first model used the census and our second variable used the Jaeger [88] code of educational
attainment. Unstandardized regression coefficient (b), standardized regression coefficient, SE, 95% CI,
t value, and p value were reported for each model. p value equal or less 0.05 were statistically significant.

2.6. Ethical Aspect

The ABCD study received an Institutional Review Board (IRB) approval from the University of
California, San Diego (UCSD). Each adolescent provided assent. Each parent signed an informed
consent [86]. As this analysis was performed on fully de-identified data, the study was found to be
non-human subject research. Thus, our analysis was exempt from a full IRB review.

3. Results

3.1. Descriptives

As shown in Table 1, 7072, 8–11-year-old adolescents entered to this analysis. From this number,
most were non-Hispanic Whites (n = 5099; 72.1%) and the rest were African Americans (n = 1973;
27.9%). Table 1 presents a summary of the descriptive statistics for the pooled sample.
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Table 1. Data overall and by race (n = 7072).

Characteristics All
Non-Hispanic
Whites

African
Americans

n % n % n %

Race
Non-Hispanic Whites 5099 72.1 5099 100.0 - -

African Americans 1973 27.9 - - 1973 100.0
Sex

Male 3417 48.3 2432 47.7 985 49.9
Female 3655 51.7 2667 52.3 988 50.1

Marital Status *
Other 2257 31.9 908 17.8 1349 68.4

Married 4815 68.1 4191 82.2 624 31.6
Mean SD Mean SD Mean SD

Age (Year) 9.47 0.51 9.47 0.50 9.47 0.52
Household Size 4.70 1.52 4.72 1.40 4.63 1.81

Parent education (Census Coding) * 16.92 2.40 17.55 2.00 15.30 2.57
Parent education (Jager Coding) * 42.06 2.20 42.61 1.87 40.58 2.23

Reward Responsiveness (RR) * 8.78 2.41 8.58 2.37 9.29 2.44

Note: SD = Standard deviation, * p < 0.05 for comparison of African American and non-Hispanic White adolescents.

3.2. Multivariate Analysis (Pooled Sample)

Table 2 shows the results of two linear regression models in the overall (pooled) sample. Model 1

(the main effect model) showed a protective effect of high parent education against RR. Model 2 (the
interaction model) showed a statistically significant interaction between race and parent education on
RR, which was suggestive of a weaker protective effect of high parent education on RR for African
American adolescents relative to non-Hispanic White adolescents.

3.3. Multivariate Analysis (Race-Stratified Models)

Table 3 shows the results of two linear regression models in racial groups. Model 3 (non-Hispanic
Whites) showed protective effects of high parent education on RR of non-Hispanic White adolescents.
Model 4 (African Americans) did not show any protective effects of high parent education on RR for
African American adolescents.
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Table 2. Summary of linear regressions overall (n = 7072).

Model 1
Main Effects

Model 2
Interaction Effects

Characteristics b SE 95% CI T p B SE 95% CI t p

Education (Jager Code)
Race (African Americans) 0.61 0.09 0.43 0.79 6.53 <0.001 −2.67 1.56 −5.74 0.39 −1.71 0.087

Sex (Male) 0.31 0.07 0.17 0.45 4.44 <0.001 0.31 0.07 0.17 0.45 4.40 <0.001
Age −0.02 0.07 −0.16 0.11 −0.31 0.760 −0.02 0.07 −0.16 0.11 −0.35 0.727

Married Household −0.14 0.09 −0.33 0.04 −1.52 0.129 −0.15 0.09 −0.34 0.03 −1.64 0.101
Household Size −0.03 0.02 −0.08 0.01 −1.37 0.171 −0.03 0.02 −0.08 0.01 −1.37 0.171

Parent Education −0.07 0.02 −0.11 −0.04 −3.85 <0.001 −0.10 0.02 −0.14 − 0.05 −4.37 <0.001
Parent Education ×
African Americans

- - - - - - 0.08 0.04 0.01 0.15 2.10 0.035

Constant 14.12 1.04 12.08 16.16 13.57 <0.001 15.28 1.18 12.97 17.59 12.99 <0.001
Education (Census Code)
Race (African Americans) 0.53 0.08 0.38 0.68 6.98 <0.001 −0.34 0.45 −1.23 0.55 −0.75 0.454

Sex (Male) 0.33 0.06 0.21 0.44 5.69 <0.001 0.32 0.06 0.21 0.44 5.65 <0.001
Age −0.05 0.06 −0.16 0.06 −0.88 0.381 −0.05 0.06 −0.16 0.06 −0.91 0.361

Married Household −0.11 0.08 −0.26 0.04 −1.43 0.153 −0.12 0.08 −0.27 0.03 −1.51 0.131
Household Size −0.03 0.02 −0.06 0.01 −1.33 0.185 −0.03 0.02 −0.07 0.01 −1.34 0.181

Parent Education −0.05 0.01 −0.08 −0.03 −3.79 <0.001 −0.07 0.02 −0.11 −0.04 −4.22 <0.001
Parent Education ×
African Americans

- - - - - - 0.05 0.03 0.00 0.11 1.95 0.050

Constant 10.03 0.59 8.86 11.19 16.90 <0.001 10.40 0.62 9.18 11.62 16.69 <0.001

Note: Unstandardized Regression Coefficient (b); Standard Error (SE); Confidence Interval (CI); Outcome: Reward Responsiveness (RR); p ≤ 0.050 considered significant.
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Table 3. Summary of linear regressions between parental education and reward responsiveness (RR) by race (n = 7072).

Model 1
non-Hispanic Whites

Model 2
African Americans

Characteristics B SE 95% CI T p b SE 95% CI t p

Education (Jager Code)
Sex (Male) 0.47 0.08 0.31 0.62 5.74 <0.001 −0.13 0.14 −0.40 0.14 −0.95 0.345

Age −0.08 0.08 −0.23 0.08 −0.94 0.349 0.12 0.13 −0.14 0.39 0.91 0.365
Married Household −0.23 0.11 −0.45 0.00 −2.00 0.0 −0.01 0.16 −0.33 0.31 −0.07 0.944

Household Size −0.02 0.03 −0.08 0.04 −0.57 0.566 −0.06 0.04 −0.14 0.02 −1.48 0.138
Parent Education −0.09 0.02 −0.14 −0.05 −4.10 <0.001 −0.03 0.03 −0.10 0.04 −0.91 0.364

Constant 15.42 1.25 12.97 17.87 12.35 <0.001 11.98 1.87 8.30 15.66 6.39 <0.001
Education (Census Code)

Sex (Male) 0.47 0.07 0.34 0.60 7.18 <0.001 −0.09 0.11 − 0.32 0.13 −0.83 0.405
Age −0.09 0.07 −0.22 0.04 −1.42 0.157 0.07 0.11 −0.15 0.29 0.61 0.539

Married Household −0.17 0.09 −0.35 0.01 −1.80 0.072 −0.02 0.13 −0.28 0.25 −0.14 0.892
Household Size −0.01 0.02 −0.06 0.04 −0.54 0.592 −0.05 0.03 −0.11 0.02 −1.47 0.141

Parent Education −0.07 0.02 −0.10 −0.03 −3.97 <0.001 −0.03 0.02 −0.07 0.02 −1.05 0.296
Constant 10.62 0.70 9.24 11.99 15.14 <0.001 9.31 1.12 7.12 11.50 8.33 <0.001

Note: Unstandardized Regression Coefficient (b); Standard Error (SE); Confidence Interval (CI); Outcome: Reward Responsiveness (RR).
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4. Discussion

In this study, while high parent education was associated with lower RR overall, this was only
true for non-Hispanic White but not African American adolescents, as shown by the pooled sample
as well as by race-stratified models. This suggests racial minority status limits the boosting effect of
parent education on RR for American adolescents.

The observed diminished returns of parental education on RR is very similar to the previous
publications on the MDRs of parental education and income on impulsivity [64], ADHD [72], and
inhibitory control [89], social problems, emotional problems, behavioral problems [90], anxiety [69],
depression [67], aggression [63], GPA [63,70,71], and substance use [63]. These are all examples
of diminishing returns of parental education for African American youth when compared with
non-Hispanic White youth [74,78,91,92].

MDRs are not specific to a specific resource or age group, outcome, or even marginalizing
identities [56,57]. Education [74], income [64], employment [93], and marital status [69] show weaker
effects on adolescents [64,65,68], adults [78], and older adults [94] who are African Americans [65],
Hispanics [74,95–97], Asian Americans [98], Native Americans [99], lesbian, gay, bisexual, transgender,
and queer (LGBTQ) [91], immigrants [100], or even marginalized non-Hispanic Whites [101].

Various sociological, economic, and behavioral mechanisms are involved in explaining the
MDRs of parent education for African American families. African American parents and families
experience high levels of economic, social, general, and race-related stress in their daily lives at all
SES levels [102]. Racial groups do not have the same chance of upward social mobility in the US [103].
High SES African American families show an increase in exposure [104–108] and vulnerability [109] to
discrimination, which may reduce the protective effects of SES on health. African American families
with high SES are frequently surrounded by non-Hispanic Whites, which increases their exposure to
discrimination [104,105]. Discrimination results in poor health across domains and limits the health
gains that follow improving SES [107,109,110].

Residential segregation results in differences in African American and non-Hispanic White
environmental and contextual exposures. Due to segregation, school options are different for high SES
African American and Hispanic families. As a result, children of high SES African American families
attend highly segregated schools with low resources [70,71,111]. That means there are differential
effects of SES on education and schooling of non-Hispanic White and African American. While
high SES non-Hispanic White adolescents attend schools in suburban areas with more funding and
higher-quality teachers, African Americans go to schools that are of less quality [112].

While lower SES of African Americans is one type of disadvantage, MDRs reflect another class
of disadvantage [56,57]. While the first one is about a lack of access to SES resources, MDRs are
reflective of unequal outcomes despite access to SES. Thus, researchers and policymakers should not
only address inequality in SES, but they should also address inequality in the returns of SES. African
Americans are at a double disadvantage because they are affected by low SES and low return of the
existing SES resources [56,113].

Multilevel economic, psychological, and societal mechanisms may be involved in explaining
racial gaps in the returns of parental education [56,113]. MDRs may be due to racism across multiple
societal institutions and social structures [56,113]. Racial prejudice interferes with the processes that
are needed to gain benefits from available SES resources [114–116]. MDRs of educational attainment
may be in part due to a history of childhood poverty [117]. The current study, however, did not explore
societal and contextual processes that could explain such MDRs.

African American families are more likely to stay in poor neighborhoods despite high SES. Highly
educated African Americans are more likely to stay poor than non-Hispanic Whites [77,118]. Similarly,
African American families from high SES backgrounds are more likely to remain at risk of negative
environmental exposures than non-Hispanic Whites with similar SES [104,105,107,119–123]. Similarly,
high SES African American adolescents spend time with peers with higher risk and behavioral problems
than non-Hispanic Whites with the same SES [63,98].
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As this study showed, health disparities are not all due to SES differences, and some can be
seen across all SES spectrum. This means, it is not race or SES but race and SES that shape health
disparities [124–126]. The implication of these MDRs is that merely equalizing access to SES is not
enough to tackle racial inequalities. Beyond attempts to eliminate or reduce SES gaps, there is a need
to increase the degree to which SES can result in outcomes for African American families. To do so,
policymakers should think about societal, environmental, and structural barriers that generate MDRs
by reducing African Americas’ ability to leverage their resources. A real solution to MDRs-related
disparities should be different from a solution to those who are caused by the SES-gaps. While the
policy solution to health disparities due to SES gap is to increase African Americans’ access to SES
resources, a true and sustainable remedy to the MDRs-related inequalities is to reduce structural
barriers so African American families can efficiently and effectively translate their SES and human
capital and secure tangible outcomes. This is not possible unless we equalize the daily living conditions
of African Americans and non-Hispanic Whites.

While this study’s main association of interest was the effect of parental education on RR, we also
found auxiliary results. We found results considering gender. In the pooled sample, boys showed a
higher RR than girls. In Whites but not Blacks, males had higher RR. A higher reward responsiveness
of males than females is known. This is also related to the higher impulsivity [127–131], reward
dependence [16,132–139], and novelty seeking [140–143] of males than females. The result is a higher
risk taking of males than females [127,144–146]. However, as mentioned before, this was not an
exploratory study on correlates of RR. We were specifically interested in knowing if Black and White
youth differ in the contribution of their parental educational attainment on their RR.

We also want to make it clear that MDRs are not due to Kelly’s Paradox [147] or regression toward
the mean [148–152]. Under certain conditions, statistical artifacts, like regression to the mean or Kelly’s
paradox, can produce similar results. However, in previous research [80], we showed that the MDRs
were not attributable to statistical artifacts. While we do not verify that this is the case in the present
study, we would argue, based on past results, that these MDRs represent the effects of the social
environment. Kelly’s paradox [147], closely related to the regression to the mean [148–152], may occur
when multiple groups with different starting points are compared. As described by Wainer and Brown
(2007) [147], when a person from the poor-performing group exceeds the expectations, that person is
expected to continue to overachieve, meaning he/she would perform even better. The opposite is also
relevant to an underperformer in a high-performing group. In both cases, in reality, and opposite to the
expectation, the individuals would regress toward their group means. That means, underperformers
in a high-performing group and overperformers in a low-performing group are all more likely to have
the average outcome rather than the expected outcome. In a recent paper, we have shown that MDRs
are not due to regression toward the mean or Kelley’s paradox [147]. In fact, MDRs are not exclusively
to the high-achiever or high-performance individuals, but any incremental increase in the resource
generates less increase in the outcome for Blacks than Whites.

5. Limitations

This study, like any other studies, comes with a specific set of methodological limitations. As our
data were cross-sectional in nature, we could not draw any causal inference between race, parent
education, and adolescents’ RR. Similarly, we only tested the MDRs of parent education. Future
research should test if MDRs go beyond parent education and hold for other SES indicators such as
income, wealth, class, occupational prestige, and neighborhood SES indicators. Finally, this study only
described the MDRs of parent education on RR and did not seek to understand the contextual factors
that cause such MDRs.

In this study, RR [1] was measured using the behavioral approach, using BAS, which was
developed by the Carver and White. We are unaware of any studies on the psychometric properties
of this scale by race. So, we are not confident that the applied item measures identically the very
same constructs in our race groups. So, there is a need to study if this measure is invariant across
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groups. As expected, we found a main effect of race on RR, suggesting that in line with the literature
on associated traits such as impulsivity [64], RR is higher in Black than White youth. Future research
should assess racial variation in measurement aspects of the BAS-based RR variable. Such effort would
increase our confidence in comparing the results across groups and the observed means.

6. Conclusions

Relative to their non-Hispanic White counterparts, African American adolescents show lower
parent education and higher RR. This adversity in African American youth is compounded by another
profound and systemic disadvantage, weaker effects of parent education on adolescents RR. As a result
of the latter disadvantage, African American adolescents show low RR across all parental education
levels. That means some of the racial inequalities in RR remains across all educational levels. In other
terms, racial inequalities in RR show a spill-over effect in middle-class people. As a result of high RR,
African American adolescents engage in a high risk of behaviors across all levels of parental education.
This is in contrast to the pattern for non-Hispanic White adolescents who show a social patterning of
their RR. That is, for non-Hispanic White youth, RR is lowest when parental education is highest.
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Abstract: The social isolation of children with autism spectrum disorder (ASD) is well documented.
Their dearth of friends outside of the family and their lack of engagement in community activities
places extra strains on the family. A project in Northern Ireland provided post-diagnostic support to
nearly 100 families and children aged from 3 to 11 years. An experienced ASD practitioner visited the
child and family at home fortnightly in the late afternoon into the evening over a 12-month period.
Most children had difficulty in relating to other children, coping with change, awareness of dangers,
and joining in community activities. Likewise, up to two-thirds of parents identified managing the
child’s behaviour, having time to spend with other children, and taking the child out of the house
as further issues of concern to them. The project worker implemented a family-centred plan that
introduced the child to various community activities in line with their learning targets and wishes.
Quantitative and qualitative data showed improvements in the children’s social and communication
skills, their personal safety, and participation in community activities. Likewise, the practical and
emotional support provided to parents boosted their confidence and reduced stress within the
family. The opportunities for parents and siblings to join in fun activities with the child with ASD
strengthened their relationships. This project underscores the need for, and the success of family-based,
post-diagnostic support to address the social isolation of children with ASD and their families.

Keywords: ASD; autism; families; social inclusion: home-based; Ireland

1. Introduction

Internationally, there has been a marked rise in the number of children diagnosed with an autism
spectrum disorder (ASD) [1]. Early intervention is an agreed priority to ameliorate the main symptoms
as soon as the condition is identified, especially in early childhood [2]. Even so, a national UK
survey of more than 1000 parents found that nearly half (46%) received no follow-up appointment
after the diagnosis was made and only 21% of parents received a direct offer of help/assistance.
Additionally, more than 60% of parents expressed dissatisfaction with post-diagnostic support and
only 5% were very satisfied with it [3].

A particular concern of parents is the lack of social and communication skills experienced by
children with autism [4]. This often results in difficulties in interacting with their peers and isolation from
community activities. Interventions aimed at promoting community participation have proved effective
and a systematic review identified the factors that contributed to their success. This included facilitating
“friendships alongside recreational participation, include typically developing peers, consider the
activity preferences of children and adolescents in developing programmes, and accommodate
individual impairments and needs through grading and adaptive leisure activities” [5] (p. 825).
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Families are the primary caregivers of children with ASD. Tint & Weiss [6] in their scoping review
noted that considerable research had detailed the correlates of the chronic physical, emotional, social,
and financial stressors these families experience. They concluded that “a better understanding of family
well-being of individuals with ASD is essential for effective policy and practice” (p. 262). A review of
international research to date has identified promising strategies for supporting families [7] as well
as targeting parental challenges such as stress, depression, and self-efficacy. “It may be especially
constructive to provide wraparound services for families, in which resources and supports are provided
(i.e., parent training, therapeutic services, respite care, social services, family counselling) in addition
to developmental and behavioural services for the child” (p. 72).

Moreover, the impact on non-disabled siblings is worthy of attention given the increasing
evidence that they fared worse in terms of psychological functioning, internalized behaviour problems,
social functioning, and sibling relationships while also showing increased anxiety and depression [8].

A Canadian study into family quality of life (FQOL) who have a child with ASD found that
opportunities to engage in leisure and recreation activities for the family as a whole was associated with
an increased FQOL [9]. However, many families are not engaging in these activities on a regular basis.
These researchers recommended that: “service providers could offer leisure and therapeutic recreation
options to families, while they wait for other therapeutic services in order to provide additional options
to families with a child with ASD.” (p. 340).

Tint & Weiss [6] also identified the value of parents meeting other parents. Research studies
indicate that socially isolated mothers may experience greater stress and have fewer socially satisfying
interactions with their children. “Participating in group interventions may be beneficial for parents of
children with ASD because it provides them with an opportunity to connect with other parents who
are having similar experiences” (p. 94).

To date, most research studies have been undertaken with better educated, more affluent parents
and little attention has been paid as to how ‘under-resourced’ families (those with low incomes and
limited education) can be better supported when a child has ASD. A small-scale study in the USA found
that “specific strategies to increase participant retention and decrease attrition included providing
sessions in home, reducing travel requirements... and providing community resource support. One of
the strengths was the presence of a strong referral system... and a team committed to helping patients
access ASD-specific services” [10] (p. 94). More generally, a systematic review of home visiting
programs for disadvantaged families concluded that: “home visitation by paraprofessionals is an
intervention that holds promise for socially high-risk families with young children” [11] (p. 1).

The foregoing review provided the rationale for the family-centred, post-diagnostic support service
to families and children aged 4 to 11 years with ASD in rural counties of Northern Ireland. The main
focus was on promoting the social inclusion of the child and family within their local communities.

2. Materials and Methods

The project was conceived and delivered by the Cedar Foundation, which is a voluntary, non-profit
organisation with a long history of delivering services to people with disabilities and their families.
Charitable funding was obtained from the UK Big Lottery Fund for a five-year period.

A logic model was developed to guide the design and implementation of the service as well as
its evaluation (see Figure 1). The model summarises the theory of change as to how the intervention
would produce the intended outcomes in the short term and the possible longer-term consequences for
the child and family [12].
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Figure 1. The logic model for the family-centred intervention.

2.1. Description of Inputs and Activities

Five project workers including one full-time and two part-time job shares each covered one of
three counties in the western part of Northern Ireland, which is largely rural with a higher proportion
of under-resourced families. All staff had a bachelor’s degree in psychology plus a minimum of one
year of paid experience. In addition to their qualifications and experience in autism, they received
further training in ASD during the course of the project. Fortuitously, the appointed workers lived in
the county in which they worked and were familiar with the community resources available there.

The project workers were line managed through Cedar’s Community Services Manager who
also managed Cedar’s other projects in the western area. Links with these projects provided project
workers with further support and training.

Each family received fortnightly visits for a 12-month period. However, all families were given
opportunities to maintain contact with the project and to participate in all future group activities.

Quarterly meetings were held in each county between Cedar staff and the social workers from the
children’s ASD multi-disciplinary team of the statutory Health and Social Care Trust who undertake
assessment and diagnosis of ASD. Potential referrals of families to the project were discussed with the
social workers and the ongoing case load of families and children reviewed. An extension of time on
the project was agreed for those families who had continuing needs. Similarly, families deemed to
have higher needs were given priority when a place became available on the project.

A project worker visited the child and family at home in the late afternoon into the evening once
every two weeks on average. The first visits were used to assess the child and family needs and
agree on an individual plan for meeting those needs. The project worker devised and implemented
learning activities to address the children’s needs. These occurred within the family home or on
outings to community locations and activities. The aim was to embed the learning in real-life settings,
which schools are often unable to do.

Project staffmade learning aids, such as visual schedules or story books. These resources were
left for the families to use.
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The visits also provided opportunities to advise and guide the families on managing the child’s
behaviour as well as furthering their learning. As the relationship with the project worker developed,
families became more open about further issues and worries they had. As well as providing emotional
support, the workers signposted families to other services in their locality.

The home visits were at a time when the project workers met other family members such as
siblings and fathers. If appropriate, siblings were also invited to join in the activities the project worker
undertook with the child, with the goal of enhancing the child’s inclusion in family activities.

The project worker introduced the child to community activities in line with their learning targets
and wishes. These provided opportunities to teach road safety or social interactions with other
children as well as introducing the child to leisure activities such as swimming, horse-riding, football,
and youth clubs.

Project workers also made contact with schools if required but especially for children with ASD
who were soon to transfer from primary to secondary school. This gave opportunities for devising
common approaches across home and school settings. These visits have led to increased contact
between the schools and families.

Family Fun days were organized in each county four times a year and families were invited to
attend. Siblings were especially welcome along with the fathers and mothers. They were held in
community locations such as leisure centres or soft-play facilities with a range of activities organized
to provide social interactions among the children and among the parents. The intention was also to
introduce families to locations to which they could take their children in the future.

Parent Networking meetings were organized in two counties since there was less interest in a
third county where parents already had access to other parent groups. An invited speaker talked on a
topic of interest or else ‘pampering sessions’ for mothers took place.

Sibling groups were also provided in one county as a trial that brought together the brothers and
sisters for play activities, but they also provided opportunities for them to learn more about autism
and how they could respond to their sibling’s behaviours.

2.2. The Characteristics of Families and Children Involved with the Project

In all, 92 families with 96 children with ASD were involved with the project over a four-year period.
One quarter of families (25%) had a lone parent, which is higher than the Northern Ireland

average of 18%. More than two-thirds had a wage earner in the family but more than one-quarter were
dependent on social security benefits. This is also higher than the average for Northern Ireland, which
is 16.1%. Around half of the families (51%) lived in the top 30% of socially deprived areas in Northern
Ireland with very few families coming from more affluent areas. Thus, the project had recruited and
retained under-resourced families, which was its intention.

Of the 96 children, 76 (79.2%) were male and 20 (20.8%) were female. The median age when they
joined the project was 7.7 years (range of 3.4 to 11.8 years).

A small proportion of the children were enrolled in a special school or special unit attached to a
mainstream school (14.5%) but most attended their local primary school (85.5%). However, 79 children
(82.3%) had a statement of special educational needs and others were in the process of being assessed
for such. Seven children (7.3%) had an additional learning difficulty. This group were enrolled at the
start of the project but, in later years, children with a learning disability and autism were not referred
to the project.

More than one-third of the children (35.5%) were an only child. Three families had two children
with ASD who also participated in the project.

Further details of the difficulties experienced by the children with ASD are given below.

2.3. Evaluation of Project Outcomes

The first author was the external evaluator and a mix of qualitative and quantitative descriptive
data was collected. The qualitative data was obtained through face-to-face interviews conducted
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with all the project staff and their managers (seven in all) and the three social workers who referred
families to the project. Seven parents were interviewed at one of two family events. In addition,
telephone interviews were conducted with 10 parents chosen by project staff to represent the range of
children and families involved in the project across the three counties. Self-completion questionnaires
requesting their views on the project and perceived outcomes were completed by a further 15 families
who responded to an invitation sent to all parents by project staff as a text message.

The quantitative data was obtained through two rating scales that were developed in association
with the project staffwith one relating to the child and another relating to the family (see Tables 1 and 2
in the results section). They provided a means for assessing each child’s difficulties at the start of their
involvement and the outcomes achieved as a result of their involvement. Similarly, family needs could
be identified and outcomes could be assessed. The project staff completed both rating scales based
on their records for all the families with whom they had been involved and the reviews they had
undertaken with them during and at the end of the home visits.

Formal ethical approval was not required since this study was deemed an evaluation of an ongoing
service and not a research project according to Guidance from the UK Health Research Authority.
Families gave consent for the information they provided directly or indirectly to be used anonymously
in any reports on the project internally and externally, such as to project funders.

The evaluation was completed at the end of December 2019.
Due to time and resource constraints, information was not obtained from the children

about the project nor were any external assessments available of their developmental progress.
Moreover, there was no comparable group of children and families who did not receive the service
since this was not ethically feasible for Cedar Foundation to undertake.

3. Results

3.1. Children’s Difficulties and Outcomes

The project staffwho had been involved with the children and families helped to devise a summary
tool for assessing each child’s difficulties at the start of their involvement and the outcome achieved
in relation to them. Table 1 lists the items and the ratings provided by the project worker across the
96 children, but some items were omitted for some individuals due to uncertainty or irrelevance for
the child or family. Hence, the totals do not add to 96. The percentages are calculated on the number of
ratings made.

The first column of Table 1 describes the issues that were of concern to families about their child
with ASD at the start of their involvement with the project. The lower the percentage, the more children
for whom the difficulty was identified. In all, eight of the sixteen listed difficulties were ones affecting
the majority of families.

Difficulties in relating to other children affected all of the children in the project. The next most
common cluster of difficulties related to awareness of dangers, difficulty with change, and joining
in community activities with over seven in eight children affected by them. A cluster of emotional
reactions was the next most common and this included anxiety, extreme fear and nervousness, anger,
and meltdowns. In addition, more than 50% of children had problems with following instructions.

By contrast, some difficulties were identified by fewer than one in five children even though they
include behaviours commonly associated with ASD such as an unusual response to something new,
unusual interest in toys or objects, problems with play, and keeping themselves occupied.

Overall, the median number of issues identified as being a difficulty for the child was eight
(range of 3 to 14).
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Table 1. The number and percentage of children rated by staff on outcomes achieved.

Child Difficulties
Never Had
a Problem

Was a Problem—
Getting Better since

Start of Project

Still a
Problem at

End of Project

Difficulty in relating to other children and in making friends 0 (0%) 68 (81.0%) 16 (19.0%)

Awareness of dangers, road safety 8 (9.6%) 58 (69.9%) 17 (20.5%)

Difficulty with change 10 (12.0%) 56 (67.5%) 17 (20.5%)

Joining in community activities 12 (14.3%) 59 (70.2%) 13 (15.5%)

Anxious, agitated, nervous 18 (22.8%) 53 (64.6%) 10 (12.7%)

Extreme fear and nervousness, lack of confidence, depressed 33 (39.3%) 45 (53.6%) 6 (7.1%)

Anger, temper tantrums, meltdowns 34 (40.5%) 40 (47.65%) 10 (11.9%)

Problem with following instructions 36 (42.9%) 38 (45.2%) 10 (11.9%)

Personal care (toileting, dressing) 50 (59.5%) 23 (27.4%) 11 (13.1%)

Difficulties in communication: speech and/or language 51 (62.2%) 21 (25.6%) 10 (12.2%)

Issues with school, homework, etc. 53 (63.1%) 25 (29.8%) 6 (7.1%)

Problem with bedtime, sleeping 58 (69.0%) 15 (17.9%) 11 (13.1%)

Unusual interest in toys or objects 66 (78.6%) 10 (11.9%) 8 (9.5%)

Problems with play, keeping self-occupied 67 (79.8%) 14 (16.7%) 3 (3.6%)

Eating 69 (82.1%) 5 (6.0%) 10 (11.9%)

Unusual response to something new 69 (83.1%) 13 (15.7%) 1 (1.2%)

3.2. Changes in the Children

Columns 2 and 3 in Table 1 indicate the outcomes from the help provided by the project. On all
items, the difference in the ratings was significantly different from what would be expected by chance
(Chi Square tests p < 0.001). Column 2 indicates difficulties that had improved since participating in
the project and which were now considered less of a problem. The majority of children had improved
on the six most commonly mentioned difficulties including relating to other children, awareness of
dangers, coping with change, joining in community activities, and managing anxieties and fears.
In all the median number of difficulties on which children were deemed to have improved was seven
(range 1 to 13).

Column 3 indicates the difficulties that remained a problem even though project staff had
addressed it and, as such, they represent a continuing need for children and families. The most
common – albeit for only one in five children or less - were the top three items listed in Table 1,
which include notable difficulty in relating to other children, in awareness of danger, and in managing
change. Overall, most children had no difficulties that were a continuing problem, but others had up
to 10 difficulties that continued.

3.3. Issues for Families and Outcomes

The issues that commonly face families who have a child with ASD were listed in a similar rating
scale to that used for the child’s difficulties. Table 2 lists the items and the ratings provided by the
project worker.

The first column of Table 2 indicates the issues that were of concern to families at the start of their
involvement with the project. The lower the percentage, the more families for whom the issue was
identified. In all, nine of the 14 were issues that affected the majority of families. Having knowledge
about the services and supports available was the most common and identified in 96% of families.
Up to two-thirds of families identified managing the child’s behaviour, having time to spend with
other children, and taking the child out of the house as the main issues.
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By contrast, three issues affected 20% of parents or less including family quality of life, main caregiver
being anxious or depressed, and having people to turn to if a problem arose. Overall, families were
presented with a median of seven different issues (range from 0 to 11 issues identified).

Table 2. The number and percentage of families rated by staff on outcomes achieved.

Issues Families Can Face
Issues that
were NOT
a Concern

Project Helped
and No Longer

an Issue

Project Gave
Some Help but
Still an Issue

Knowing what services and supports are available to parents and children 3 (3.5%) 70 (82.4%) 11 (12.9%)

Managing the child’s behaviour, temper tantrums, and meltdowns 23 (27.7%) 38 (45.8%) 22 (26.5%)

Having time to spend with my other children 25 (29.1%) 50 (58.1%) 11 (12.8%)

Taking the child out of the house, joining in community activities 28 (32.6%) 40 (46.5%) 17 (19.8%)

Communicating with schools 36 (41.9%) 41 (47.7%) 9 (10.5%)

Relationships with siblings (or other children) 36 (42.9%) 32 (38.1%) 16 (19.0%)

Finding activities all the families can join in 37 (43.0%) 34 (39.5%) 15 (17.4%)

Worries about the child’s future 41 (47.7%) 7 (8.1%) 37 (43.0%)

Lack of confidence in how to manage my child 46 (47.9%) 20 (23.8%) 18 (21.4%)

Meeting other parents and sharing experiences 44 (51.2%) 38 (44.2%) 4 (4.7%)

Understanding what it means to have Autism/ASD 51 (59.3%) 29 (33.7%) 6 (7.0%)

Family quality of life 65 (79.3%) 12 (14.6%) 5 (6.1%)

Main caregiver often feels anxious or depressed 70 (81.4%) 3 (3.5%) 13 (15.1%)

Main caregiver has people to turn to if s/he has a problem 74 (86.0%) 7 (8.1%) 5 (5.8%)

3.4. Outcomes for Families

Columns 2 and 3 of Table 2 indicate the outcomes from the help provided by the project. On all
items, the difference in the ratings was significantly different from what would be expected by chance
(Chi Square tests, p < 0.001). The second column indicates issues that were deemed to be no longer
an issue for families. The two issues that a majority of families (50% and over) benefited from were:
knowing the supports and services available and having time to spend with other children. In addition,
more than two in five families also gained from communication with schools, the child going out of the
house, meeting other parents, and finding activities that the whole family can join in. In all, families
had a median of five issues resolved (range from 0 to 11).

3.5. Perceptions of Project Outcomes and Impact

The perceptions of three groups of stakeholders were sought regarding the outcomes of the project
for the children and for the families as a whole: namely parents (n = 16), project staff (n = 7), and social
workers who had referred children to the project (n = 4). This information was obtained mostly
through one-to-one interviews, which were audio-recorded and transcribed and were supplemented
by self-completed questionnaires. A thematic content analysis using the framework proposed by Braun
& Clarke [13] was undertaken. The initial codes derived from the responses were grouped under two
core themes: the impact on the child and the impact on families. Table 3 summarises the subthemes
along with supporting quotations from parents that the other respondents confirmed. The person
quoted is noted in brackets.
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Table 3. The themes and subthemes reported as outcomes of the project by parents.

Main Themes Subthemes Supporting Quotes

Impact on the
children

Social Interaction
N is an only child and his social skills were lacking. But whenever she
would have taken him out and interacted him with other children as
well, we could see a very big change in the social skills (Mother S).

Improved
behaviour

He was very frustrated, would have lashed out a lot, he would have
cried and screamed a lot. So over time, she built up taking him out for
like for a half an hour at one of the wee local centres . . . where anybody
could come in with their children. And he actually started interacting

with the kids. (Mother TR)

Acquisition of
new skills

The project helped my child to understand a lot of topics including
personal safety, peer pressure, and safe strangers (Mother TA)

Impact on
families

New learning
for parents

The project was a massive help to my son and our whole family, to help
us understand his condition and work together as a family to help him.

(Mother DH)

Increased
confidence

They give us the confidence to think that you’re not doing a bad job . . .
you’re doing your best. They were able to make people feel more

confident in themselves that ‘I can do this’. (Mother H).

Free time

I have a little six-year-old too. It’s very difficult for her when you have a
little autistic child so, it gave me a bit of time with her. And she also

went out too with the Cedar person at times, which also gave me a bit of
time to do things about the house or go and do a bit of shopping and

stuff like that. (Father).

Meeting other
parents

There was a family day and then a thing at Halloween and . . . you’re
meeting other parents there as well with children who are similar,

you know, so that’s quite good so it is. (Mother JO).

All the stakeholders recounted various impacts that the project had on the children,
which elaborated the changes noted in Table 1. Enhanced social interactions were a common
outcome since the children learned to overcome their difficulties in interacting with their siblings and
other children. Improvements in the children’s behaviours were also noted with fewer meltdowns
and less anger. The acquisition of new skills was confirmed especially those needed when accessing
community facilities.

The stake-holders also confirmed the impact of the project on families. Parents had learned new
ways of interacting with their child from the project workers. The changes they saw in their child
boosted their confidence and this, coupled with the opportunity to have some free time to spend with
their other children, resulted in them feeling less stressed. They also appreciated the opportunity to
meet with other parents.

3.5.1. The Most Successful Aspects of the Project

Not surprisingly, the stake-holders identified different aspects of the project that they considered to
be particularly successful. To some extent, this reflects the diversity of needs that families and children
present and the flexibility of the project in meeting their needs. For most though, the one-to-one work
with the children were the most frequently cited.

She had a great rapport with him, you know, she really met him at his level and he never said I don’t

want her coming, never, never did. She has a fantastic rapport with him.

(Mother JU)

Listening to families and addressing their concerns was seen as vital.
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They were very good at consulting with the parents in what we wanted and what we needed and then

they would have done their plans around that.

(Mother T)

The social aspects were also valued for both the child and the family.

They got a wee buddy system as well where he was going out with his friend, he met a wee friend a

couple of days and the two of them went out together.

(Mother T.)

The most successful aspect of the project is seeing families come together and be able to participate in

family activities which all family members can be included in.

(Project staff)

The trusted relationship between the project and the social workers who had referred families brought
benefits to both.

There’s brilliant relationships with us and Cedar... there’s a two-way flow of communication. When a

family is known to Cedar... that family does not need to contact us. They do not seem to need us.

Their issues have been dealt with it. That really allows our social workers to deal with families with

even more complex needs. It’s been a real resource to us in that way: to staff as well as to the families.

(Trust staff 4)

3.5.2. Improvements for the Project

Parents would have liked the project to have continued for longer and for more family days to
be provided. Reduced waiting times for a place on the project was also noted. Project staff would
welcome more contact with schools so that the strategies used in school and at home could be shared
and closer links nurtured between schools and parents.

4. Discussion

This project is unique in a number of respects and the lessons from it can inform the provision of
post-diagnostic support services for families whose children have ASD.

The project focused on promoting the social inclusion of children within their families and the
local community. These two settings —the family and the community—provided the context in which
children’s skills could be enhanced and practical support could be provided to families. Yet this
approach stands in contrast with the focus on therapeutic approaches often used with children who
have ASD [2]. Nevertheless, the focus on social inclusion brought about other specific gains to the child
and to families as shown by the issues that were resolved during the project. Moreover, equipping
children and families with the skills needed to function socially has potentially longer-term gains for
the child as the Logic Model for the project identified (see Figure 1).

The project aimed to support families as well as the child especially ‘low-resource’ parents that the
project had targeted. The most commonly expressed need was for information about available services
and supports. This needs to be provided on an ongoing basis as parents’ needs will change over time.
Regular home-based contact with parents created a trusted and more intimate relationship between
staff and parents, which clinic visits or occasional parent-teacher meetings would find hard to replicate.
Two outcomes are worth underlining. Parents’ self-confidence was boosted, which is a necessary
prelude for them to instigate new ways of interacting with their child and trying new approaches.
Additionally, many parents reported a reduction in stress within the family as they became more adept
at managing the child’s behaviour and meltdowns. Hence, interventions solely focused on the child
will not necessarily bring about the practical and emotional supports that parents need [7].
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The choice of home-based supports was not just for practical reasons. Although, in rural
areas, it overcame the lack of transport options available to low resourced families in particular.
Rather, having project staff coming to the child’s home ensured that all the project work was
personalised to the individual needs of the child and family [14]. Although children with ASD
may share some common features, there were marked differences in how ASD was manifested in even
this relatively homogenous sample of children. When the diversity found among families is added in,
then the need for individualised interventions become ever more apparent. Admittedly, home visits
are a more costly option than group-based parent training sessions. Yet, this is the only alternative
presently offered to most parents in Northern Ireland and likely elsewhere. However, the uptake of
group-based training is low especially for low resourced families and, to date, there is limited evidence
as to the effectiveness of such training [15].

The project aimed to address the needs of siblings of the child with ASD who are often overlooked
in ASD interventions. By contrast, parents are very aware of the impact the child with ASD has on their
other children. Going to the family home meant that the staff could include the siblings in activities
designed to help the child. The organisation of family days was another means of involving siblings in
play and recreational activities. Both of the foregoing were arguably more successful that organising
sessions for groups of unrelated siblings, which had been tried even though other studies have shown
sibling support groups to be effective [16]. These may work better for teenage siblings whereas the
siblings of the children in the project were mostly under 12 years of age. Nonetheless, the main message
is that family interventions have to extend beyond parents to embrace siblings as well.

As with any innovative project, there are inevitably improvements that could be made to the
service. Currently, the demand for it exceeds the places that can be available at any one time and,
with increasing numbers of children being identified, this situation will worsen [17]. One option would
be to reduce the length of time families are visited by the project or to increase the time between visits.
Both options would allow more families to be accommodated for the same cost. Future research and
evaluation could test out these options even though the solution is more likely for projects to become
adept at adjusting their service to family needs and outcomes rather than having equivalent service
inputs across all families.

The longer-term impact of the service also bears further study. There is evidence that early
preschool intervention for children with developmental delays does result in longer term legacies [18],
but this has yet to be determined for older children with ASD as well as for their families.

Evaluation methods could also be improved if the necessary resources were made available by
the commissioners of new services. Pre-test and post-test measures of the children and parents would
provide more robust evidence of change, as would the recruitment of a ‘waiting list’ control group to
identify the improvements that might occur over a period of time even without any intervention.

5. Conclusions

In conclusion, post-diagnostic support for children with ASD and their families is vital. Providing
cost-effective ways is a priority as is gathering evidence to show its impact. Staff trained in ASD but
from non-clinical backgrounds, such as in this project, are an effective means of providing home-based
community support to children and families.
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Abstract: Background: Non-Hispanic Black (NHB) youth are at a higher risk of high-risk behaviors
compared to non-Hispanic White (NHW) youth. Some of this racial gap is shown to be due to
weaker effects of parental educational attainment on reducing the prevalence of behavioral risk
factors such as impulsivity, substance use, aggression, obesity, and poor school performance for
NHBs, a pattern called Minorities’ Diminished Returns. These diminishing returns may be due to
lower than expected effects of parental education on inhibitory control. Aim: We compared NHW
and NHB youth for the effect of parental educational attainment on youth inhibitory control, a
psychological and cognitive construct that closely predicts high-risk behaviors such as the use of
drugs, alcohol, and tobacco. Methods: This was a cross-sectional analysis that included 4188 youth
from the Adolescent Brain Cognitive Development (ABCD) study. The independent variable was
parental educational attainment. The main outcome was youth inhibitory control measured by the
stop-signal task (SST), which was validated by parent reports on the Child Behavior Checklist (CBCL).
Results: In race/ethnicity-stratified models, high parental educational attainment was associated with
a higher level of inhibitory control for NHB than NHW youth. In the pooled sample, race/ethnicity
showed a statistically significant interaction with parental educational attainment on youth inhibitory
control suggesting that high parental educational attainment has a smaller boosting effect on inhibitory
control for NHB than NHW youth. Conclusion: Parental educational attainment boosts inhibitory
control for NHW but not NHB youth. To minimize the racial gap in youth brain development, we
need to address societal barriers that diminish the returns of family economic and human resources,
particularly parental educational attainment, for racial and ethnic minority youth. Social and public
policies should address structural and societal barriers such as social stratification, segregation, racism,
and discrimination that hinder NHB parents’ abilities to effectively mobilize their human resources
and secure tangible outcomes for their developing youth.

Keywords: race/ethnicity; ethnicity; socioeconomic status; youth; cognition; brain; inhibitory control

1. Introduction

Inhibitory control (IC), also known as response inhibition, is a cognitive process/executive
function—that can be defined as an ability to inhibit impulses in order to increase the chance of
appropriate behaviors that are consistent with completing long-term goals [1,2]. An extreme example
of a disorder with impaired IC is attention deficit hyperactivity disorder (ADHD) [3]. Low IC is
associated with a wide range of outcomes such as obesity, food choices, eating disorders, school
performance, peer preferences, externalizing behaviors, aggression, prosocial behaviors, sexual debut,
and use of drugs, alcohol, and tobacco [4–12]. Low IC may be one of the reasons why youth from low
socioeconomic status (SES) and racial and ethnic minority groups engage in more risky behaviors,
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compared to high SES and majority youth [1,13–16]. Thus, studies are needed that investigate the
additive effects of race/ethnicity and SES on youth IC as a mechanism of disparities and inequalities in
high-risk behaviors [1,10,17–19].

Family SES and parental behaviors are shown to be predictors of IC in youth [20–24]. In a study
on 147 7–10-year-old children, Cabello et al. investigated the relationship between parental educational
attainment and youth IC as well as aggressive behavior. Teachers rated the aggressive behavior of
the children using the Teacher Rating Scale (TRS) of the Behavior Assessment System for Children 2
(BASC-2). The youth themselves completed a go/no-go task that assessed their IC. Parents reported
their educational attainment. Analysis of the data showed that both lower parental educational
attainment and lower IC were predictive of higher aggressive behavior in the youth. Interestingly,
authors found evidence suggesting that IC partially mediates the effects of parental educational
attainment on aggressive behavior. However, sex moderated this mediation, as IC explained this effect
for boys, not girls. Their study suggests the parental educational attainment impacts IC and IC may
be why parental educational attainment is associated with youth aggressive behavior, particularly in
boys [6].

Compared to non-Hispanic White (NHW) youth, non-Hispanic Black (NHB) youth are at an
increased risk of high-risk behaviors that are largely associated with poor IC. For example, NHB
youth are more likely than NHW youth to be at risk of engaging in aggressive behavior [25], early
sexual debut [26], and becoming school dropouts [27]. As many of these early undesired outcomes are
gateways to future economic and health problems later in life [28–31], it is important to study why
and how IC is different in NHB and NHW youth. Such knowledge may be helpful in closing, or at
least reducing, the existing racial and ethnic economic and health inequalities experienced later in
life [28–31].

Given the close overlap between race/ethnicity and SES in the US, there has been an interest in
trying to decompose the effects of race/ethnicity and SES on health and behavioral inequalities [32–34].
In theory, both low SES and racial/ethnic minority status generate marginalization and increase exposure
to food and housing insecurity, economic adversities, stress, and financial difficulties [35–38]. Thus,
one remaining question is whether race/ethnicity and SES have separate, additive, or multiplicative
effects on health inequalities [39–42]. While SES provides access to buffers and protections, the SES
effects on health and behaviors and their precursors [39–42] may depend on race/ethnicity. In addition,
SES may carry the effect of race/ethnicity on health and behavioral outcomes [43].

There are, however, two complementary hypotheses that explain how race/ethnicity and family
SES may jointly impact youth health and behavioral outcomes. The first hypothesis, a more traditional
one, attributes the racial and ethnic gap in youth outcomes to racial and ethnic differences in family
SES (e.g., lower SES in NHBs than NHWs) [43–46]. In this view, family SES is believed to mediate
the effects of racial and ethnic minority status on youth outcomes [47–49]. As such, the belief is that
enhancing racial and ethnic minorities’ family SES and closing the racial and ethnic differences in SES
would be the primary strategy for closing racial and ethnic youth inequalities [50,51]. Some policy
solutions based on this view is income redistribution, income tax credit, and empowering racial and
ethnic minorities to attain and accumulate education, income, and wealth.

The alternative explanation is Minorities’ Diminished Returns (MDRs) [52,53], which explains
that some of the racial and ethnic inequalities are due to the weaker effects of family SES indicators for
NHBs than NHWs. This view is supported by extensive empirical evidence showing that parental
education [54], family income [55,56], and marital status [57] generate more outcomes for NHW
than NHB youth. However, this literature is mainly focused on self-reported outcomes [54–56,58,59].
For example, high family SES showed smaller preventive effects on impulsivity [55], ADHD [60],
depression [58], anxiety [61], aggression [54], poor GPA [54,62,63], and substance use [54] for NHB
than NHW youth. That means, while high SES NHW youth show the lowest levels of risk across
domains, high SES NHB youth remain at high levels of risk across multiple domains and outcomes.

140



Brain Sci. 2020, 10, 312

As shown by the MDRs literature, parental educational attainment [64–66] generates unequal
outcomes for diverse racial and ethnic groups. This might be because society may differently allow
NHB and NHW parents to mobilize their education and secure high paying jobs, particularly at
high levels of education [53,55,61,65,67,68]. As a result of diminishing returns of parental education,
compared to their non-HW counterparts, NHB youth with highly educated parents may show worse
than expected outcomes that are disproportionate to their family SES [52,53,55,56,59].

2. Aims

To extend the existing knowledge on the role of IC as a mechanism for explaining MDRs for other
behavioral outcomes, we studied the interactive and combined effects of race/ethnicity and parental
educational attainment on youth outcomes. This study compared NHB and NHW youth for the
effects of parental educational attainment, as one of the strongest family SES indicators, on youth IC.
We expected weaker effects of parental educational attainment on youth IC for NHB than NHW youth.

3. Methods

3.1. Design and Settings

We performed a secondary analysis of data from the Adolescent Brain Cognitive Development
(ABCD) study [69–73], a landmark youth brain development study in the United States. Detailed
information on the details of the ABCD study is available elsewhere [69,74].

3.2. Participants and Sampling

Participants of the ABCD study were youth age 9–10 years. Youth in the ABCD study were
recruited from multiple cities across states. Overall, there were 21 sites that recruited youth to the ABCD
study. The recruitment of the ABCD sample was mainly done through school systems. A detailed
description of the ABCD sampling is available here [75]. Four thousand one hundred eighty-eight
participants entered our analysis. Eligibility for our analysis had valid data on race/ethnicity, CBCL,
task-based IC, parental education, marital status, and being NHB or NHW.

3.3. Study Variables

The study variables included race/ethnicity, demographic factors, parental educational attainment,
parental marital status, and task-based IC (validated by the Child Behavior Checklist (CBCL).

3.3.1. Outcome

The study also used the stop-signal task (SST) to measure IC. The SST applied two runs of 180 trials
showing images of a black arrow pointing either right or left are displayed on the screen participants’
view while in the scanner. They were instructed to click the appropriate button corresponding to the
arrow direction as quickly as they can after seeing the image using their dominant hand. Thirty of
the 180 trials display neither option, signaling the participant to inhibit answering with either option
being randomly dispersed throughout the trials. Successful inhibition of motor response represents a
successful trial, while impulsively answering with either wrong answer is considered unsuccessful
inhibition. IC was measured as the rate of correct "Stop" trials in the run. This variable was treated as a
continuous measure with a higher score indicating a higher level of IC [76–79].

3.3.2. Validation of the IC Using CBCL Domains

We used the Child Behavior Checklist (CBCL) to validate lab(task) based measures of IC. The CBCL,
also known as the Achenbach System of Empirically Based Assessment, the study had the following
eight outcomes: (1) Anxious and depressed mood, (2) withdrawn and depressed affect, (3) social
and interpersonal problems, (4) somatic complaints, (5) thought problems, (6) attention problems,
(7) violent and aggressive behaviors, and (8) rule-breaking behaviors [80]. These CBCL sub-scores
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closely correlate with the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) based
diagnoses [81]. The CBCL instrument uses parental reports to screen for social, behavioral, and
emotional problems. The CBCL is commonly used across settings including but not limited to schools,
medical settings, mental health facilities, child and family services, Health Management Organizations,
and public health agencies [82]. CBCL has been used by thousands of published scholarly articles [82].
As expected, in our study, IC was correlated with behavioral rather than emotional domains of the
CBCL, which was an indicator of its validity.

3.3.3. Moderator

Race/ethnicity. Race/ethnicity was self-identified. Race/ethnicity was a categorical variable and
coded 1 for NHBs and 0 for NHWs (reference category).

3.3.4. Independent Variable

Parental Educational Attainment. Participants were asked, “What is the highest grade or level of
school you have completed or the highest degree you have received?” Responses were 0 = Never
attended/Kindergarten only; 1 = 1st grade; 2 = 2nd grade; 3 = 3rd grade; 4 = 4th grade 4; 5 = 5th
grade; 6 = 6th grade 6; 7 = 7th grade 7; 8 = 8th grade; 9 = 9th grade; 10 = 10th grade 10; 11 = 11th
grade; 12 = 12th grade; 13 =High school graduate; 14 = GED or equivalent Diploma; 15 = Some college;
16 =Associate degree: Occupational; 17 =Associate degree: Academic Program; 18 = Bachelor’s degree
(ex. BA; 19 =Master’s degree (ex. MA; 20 = Professional School degree (ex. MD; 21 =Doctoral degree.
This variable was an interval measure with a range between 1 and 21, with a higher score indicating
higher educational attainment.

3.3.5. Confounders

Age, sex, and parental marital status were the confounders. Parents reported the age of their
youth. Age (years) was calculated as the difference between the date of birth to the date of enrollment
to the study. Sex was a dichotomous variable: males = 1, females = 0. Parental marital status
was a dichotomous variable. This variable was self-reported by the parent who was interviewed.
This variable was coded as married = 1 vs. other = 0.

3.4. Data Analysis

We used the statistical package SPSS to perform our data analysis. Mean (standard deviation
(SD)) and frequency (%) were described depending on the variable type. We also performed a Pearson
bivariate test to test bivariate associations between study variables. For our multivariable modeling,
we performed four linear regression models. Our first two models were performed specifically to
race/ethnicity (race-stratified models). Model 1 was tested in NHW, and Model 2 was tested in NHB
youth. The next two models were performed in the overall sample. Model 3 was performed without
the interaction terms. Model 4 added an interaction term between race/ethnicity and parental education
attainment. Our models used age, sex, and marital status were the covariates. Unstandardized
regression coefficient (b), standardized regression coefficient, SE, 95% CI, and p-value were reported
for each model. p values equal to or less than 0.05 were statistically significant.

3.5. Ethical Aspect

The ABCD study received an Institutional Review Board (IRB) approval from the University of
California, San Diego (UCSD). Each youth participant provided an assent. Each parent signed an
informed consent [74]. As this analysis was performed on fully de-identified data, the study was found
to be non-human subject research. Thus, our analysis was exempt from a full IRB review.
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4. Results

4.1. Descriptives

As shown in Table 1, 4188, 8–11 years old youth entered to this analysis. From this number, most
were NHWs (n = 2985; 71.3%) and the rest were NHBs (n = 1203; 28.7%). Table 1 presents a summary
of the descriptive statistics for the pooled sample.

Table 1. Data overall and by race/ethnicity (n = 4188).

All NHWs NHBs

n % n % n %
Ethnicity

NHWs 2985 71.3 2985 100.0 - -
NHBs 1203 28.7 - - 1203 100.0

Sex
Male 2026 48.4 1426 47.8 600 49.9
Female 2162 51.6 1559 52.2 603 50.1

Marital Status *
Other 1103 26.5 399 13.4 704 60.0
Married 3054 73.5 2584 86.6 470 40.0

Mean SD Mean SD Mean SD

Age (Year) 9.45 0.50 9.45 0.50 9.46 0.51
Parental Educational
Attainment *

16.90 2.42 17.58 1.99 15.20 2.55

CBCL Anxiety Depressed * 2.62 3.15 2.74 3.19 2.31 3.05
CBCL Withdraw Depressed * 1.00 1.71 0.93 1.63 1.16 1.89
CBCL Somatic Complaints 1.48 1.91 1.51 1.89 1.42 1.98
CBCL Social Problems * 1.58 2.29 1.46 2.22 1.88 2.44
CBCL Thought Problems * 1.66 2.25 1.71 2.22 1.54 2.32
CBCL Rule Breaking * 1.25 1.94 1.07 1.69 1.70 2.40
CBCL Attention Problems * 5.39 5.40 5.24 5.24 5.75 5.77
CBCL Aggressive Behaviors * 3.44 4.58 3.27 4.32 3.85 5.15
14 SST-based IC 0.54 0.11 0.54 0.10 0.54 0.12

Child Behavior Checklist (CBCL); Inhibitory Control (IC); Non-Hispanic Black (NHB); non-Hispanic White (NHW);
Stop-Signal Task (SST); Standard Deviation (SD); * p < 0.05.

Table 2 shows a correlation matrix of all study variables, including the CBCL reports in the pooled
sample and by race/ethnicity. In the pooled sample, NHB status was closely associated with lower
parental education and marital status but was not associated with IC. IC was associated with behavioral
rather than emotional domains of CBCL measure, which indicated the validity of our IC measure.
In the pooled sample, parental educational attainment was not correlated with IC. In NHWs (r = 0.06,
p < 0.05), but not in NHBs (r = −0.04, p > 0.05), parental educational attainment was correlated with IC.
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Table 2. Correlations between study variables (n = 4188).

1 2 3 4 5 6 7 8 9 10 11 12 13 14

All
1 Race (NHBs) 1 −0.02 0.01 −0.48 ** −0.45 ** −0.06 ** 0.06 ** −0.02 0.08 ** −0.03 * 0.15 ** 0.04 ** 0.06 ** 0.02
2 Sex (male) 1 0.03 0.01 −0.00 0.01 0.05 ** −0.04 * 0.05 ** 0.09 ** 0.11 ** 0.15 ** 0.10 ** −0.11 **
3 Age (Years) 1 −0.01 −0.02 0.01 .042 ** 0.02 0.00 0.01 0.02 0.00 0.00 −0.03
4 Family Structure (married) 1 0.37 ** −0.02 −0.11 ** −0.05 ** −0.11 ** −0.03 * −0.17 ** −0.10 ** −0.11 ** −0.02
5 Parental Educational Attainment (Years) 1 0.00 −0.11 ** −0.04 * −0.13 ** −0.07 ** −0.18 ** −0.10 ** −0.11 ** 0.01
6 Child Behavior Checklist (CBCL)
Anxiety Depressed

1 0.57 ** 0.48 ** 0.61 ** 0.60 ** 0.40 ** 0.56 ** 0.56 ** −0.02

7 CBCL Withdraw Depressed 1 0.40 ** 0.55 ** 0.49 ** 0.38 ** 0.47 ** 0.49 ** −0.01
8 CBCL Somatic Complaints 1 0.43 ** 0.45 ** 0.29 ** 0.44 ** 0.39 ** −0.03 *
9 CBCL Social Problems 1 0.61 ** 0.56 ** 0.70 ** 0.68 ** −0.02
10 CBCL Thought Problems 1 0.52 ** 0.73 ** 0.64 ** −0.06 **
11 CBCL Rule Breaking 1 0.67 ** 0.75 ** −0.04 **
12 CBCL Attention Problems 1 0.76 ** −0.05 **
13 CBCL Aggressive Behaviors 1 −0.04 *
14 IC 1
NHWs
2 Sex (male) 1 0.03 −0.02 −0.03 0.01 0.06 ** −0.05 ** 0.04 * 0.08 ** 0.10 ** 0.15 ** 0.10 ** −0.13 **
3 Age (Years) 1 0.01 −0.03 0.03 0.05 ** 0.03 −0.00 0.02 0.00 0.00 0.01 −0.06 **
4 Family Structure (married) 1 0.17 ** −0.07 ** −0.12 ** −0.09 ** −0.11 ** −0.07 ** −0.13 ** −0.11 ** −0.10 ** 0.04 *
5 Parental Educational Attainment (Years) 1 −0.08 ** −0.12 ** −0.12 ** −0.16 ** −0.13 ** −0.18 ** −0.15 ** −0.14 ** 0.06 **
6 CBCL Anxiety Depressed 1 0.57 ** 0.47 ** 0.59 ** 0.57 ** 0.39 ** 0.53 ** 0.55 ** −0.00
7 CBCL Withdraw Depressed 1 0.38 ** 0.53 ** 0.48 ** 0.40 ** 0.45 ** 0.48 ** −0.03
8 CBCL Somatic Complaints 1 0.42 ** 0.43 ** 0.30 ** 0.44 ** 0.38 ** −0.03
9 CBCL Social Problems 1 0.60 ** 0.56 ** 0.68 ** 0.67 ** −0.03
10 CBCL Thought Problems 1 0.51 ** 0.72 ** 0.61 ** −0.05 **
11 CBCL Rule Breaking 1 0.64 ** 0.74 ** −0.04 *
12 CBCL Attention Problems 1 0.73 ** −0.04 *
13 CBCL Aggressive Behaviors 1 −0.03
14 IC 1
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Table 2. Cont.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NHBs
2 Sex (male) 1 0.03 0.03 0.02 0.03 0.02 −0.01 0.09 ** 0.12 ** 0.14 ** 0.17 ** 0.12 ** −0.06 *
3 Age (Years) 1 −0.01 0.02 −0.01 0.03 0.01 0.01 0.01 0.04 −0.00 −0.00 0.04
4 Family Structure (married) 1 0.26 ** −0.01 −0.06 * −0.02 −0.05 −0.03 −0.09 ** −0.05 −0.08 ** −0.08 **
5 Parental Educational Attainment (Years) 1 0.07 * −0.05 0.07 * −0.01 −0.01 −0.07 * 0.01 −0.03 −0.04
6 CBCL Anxiety Depressed 1 0.59 ** 0.51 ** 0.70 ** 0.67 ** 0.48 ** 0.64 ** 0.62 ** −0.04
7 CBCL Withdraw Depressed 1 0.44 ** 0.58 ** 0.52 ** 0.34 ** 0.51 ** 0.50 ** 0.01
8 CBCL Somatic Complaints 1 0.46 ** 0.49 ** 0.31 ** 0.45 ** 0.42 ** −0.04
9 CBCL Social Problems 1 0.65 ** 0.58 ** 0.72 ** 0.70 ** −0.01
10 CBCL Thought Problems 1 0.57 ** 0.75 ** 0.69 ** −0.07 *
11 CBCL Rule Breaking 1 0.72 ** 0.79 ** −0.05
12 CBCL Attention Problems 1 0.80 ** −0.07 *
13 CBCL Aggressive Behaviors 1 −0.04
14 IC 1

* p < 0.05; ** p < 0.01.
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4.2. Multivariate Analysis (Race-Stratified models)

Table 3 shows the results of two linear regression models in racial/ethnic groups. Model 3 (NHW)
showed protective effects of high parental educational attainment on IC of NHW youth. Model 4 (NHB)
did not have a protective effect of high parental educational attainment on IC for NHB youth.

Table 3. Summary of linear regressions by race/ethnicity (n = 4183).

Model 1
NHWs

Model 2
NHBs

Beta SE p Beta SE p

Sex (Male) −0.13 −0.03 <0.001 −0.06 −0.01 0.047
Age −0.06 −0.01 0.002 0.04 0.01 0.165

Married household 0.03 0.01 0.139 −0.08 −0.02 0.012
Parental Educational Attainment 0.05 0.00 0.003 −0.02 0.00 0.503

Constant 0.60 <0.001 0.48 <0.001

Unstandardized Regression Coefficient (B); Confidence Interval (CI); Standard Error (SE); Non-Hispanic Black
(NHB); Outcome: Stop-Signal Task (SST)-based Inhibitory Control (IC).

4.3. Multivariate Analysis (Pooled Sample)

Table 4 shows the results of two linear regression models in the overall (pooled) sample. Model

1 (Main Effect Model) showed an only marginally significant effect of high parental educational
attainment on IC. Model 2 (Interaction Model) showed a statistically significant interaction term
between race/ethnicity and parental educational attainment on IC, suggesting that the boosting effect
of high parental educational attainment on IC is significantly weaker for NHB youth relative to
NHW youth.

Table 4. Summary of linear regressions overall (n = 4183).

Model 1
Main Effects

Model 2
Interaction Effects

Beta SE p Beta SE p

Race/Ethnicity (NHBs) 0.02 0.00 0.315 0.35 0.08 0.001
Sex (Male) −0.11 −0.02 <0.001 −0.10 −0.02 <0.001

Age −0.02 −0.01 0.118 −0.02 0.00 0.131
Married household −0.02 0.00 0.300 −0.02 0.00 0.386

Parental Educational Attainment 0.03 0.00 0.097 0.07 0.00 0.001
Parental Educational Attainment × NHBs −0.31 0.00 0.002

Constant 0.58 <0.001 0.54 <0.001

Unstandardized Regression Coefficient (B); Confidence Interval (CI); Standard Error (SE); Non-Hispanic Black
(NHB); Outcome: Stop-Signal Task (SST)-based Inhibitory Control (IC).

5. Discussion

In our race-specific models, high parental educational attainment was associated with higher IC
for NHW but not NHB youth. This finding was also supported by a statistical interaction between
race/ethnicity and parental educational attainment on youth IC in the pooled sample. Thus, high
parental educational attainment has smaller boosting effects on IC for NHB than NHW youth.

Here first, we discuss the observed MDRs. That is why NHB and NHW youth show a different
gain in terms of increased IC due to an increase in parental educational attainment. In this section, we
report similar literature and also some potential societal mechanisms that may help us understand
these MDRs. Then we discuss the results specific to the IC. That is, SES (parental education) boosts
IC and, at the same time, race (NHB) may reduce IC. However, the association between race and IC
could only be observed for parental reports rather than the lab-based measure of IC. In the end, we list
the limitations and strengths of our study. Among the strengths, we discuss why there were different
methods of measuring IC (based on the IC neurocognitive task and parent’s behavioral ratings).
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The observed diminished returns of parental education on IC is in line with the MDRs reported
on impulsivity [55], ADHD [60], depression [58], anxiety [61], aggression [54], GPA [54,62,63], and
substance use [54]. A large body empirical evidence supports diminishing returns of parental and own
educational attainment for NHBs than NHWs [67,83–85]. MDRs are already documented both within
individuals and families, and hold across SES resources, age groups, outcomes, and marginalizing
identities [52,53]. MDRs are shown for income [55], education [84], employment [86], and marital
status [61]. Parental educational attainment results in more gain for NHW than NHB youth [55,56,59],
adults [67], and older adults [87]. Also, MDRs not only apply to NHBs [56], or HWs [84,88–90] but
also for Asian Americans [91], Native Americans [92], and LGBTQ persons [83].

Various mechanisms may be involved in explaining the MDRs of parental educational attainment
or NHB families. NHB families face disproportionately higher levels of financial, environmental,
and race-related stress in their daily lives, at all SES levels. According to the social reproduction
theory, intergenerational educational outcomes may vary across groups [93]. Chetty showed that the
intersection of race/ethnicity and sex alter the likelihood of upward social mobility in the US [94].
Increased exposure to stress is believed to reduce youths’ ability to gain from their available SES
resources such as education. It is shown that for NHB families, an increase in SES means an increase in
experience [95–99] and vulnerability [100] to discrimination. This might be because high SES NHB
families are more likely to be surrounded by NHW families, which means a higher level of exposure to
discrimination [95,96]. Needless to say, a high level of discrimination means undesired outcomes and
reduced gains of SES [98,100,101].

Residential segregation results in differences in NHB and NHW environmental and contextual
exposures. Due to segregation, school options are different for high SES NHB and HW families. As a
result, children of high SES NHB families attend highly segregated schools with low resources [62,63,102].
That means there are differential effects of SES on education and schooling of NHW and NHB. While
high SES NHW youth attend schools in suburban areas with more funding and higher-quality teachers,
NHBs should go to schools that are of lower quality [103].

While lower SES of NHBs is one type of disadvantage, MDRs reflect another class of
disadvantage [52,53]. While the first one is about a lack of access to SES resources, MDRs are
reflective of unequal outcomes despite similar access to SES. Thus, researchers and policymakers
should not only address inequality in SES, but they should also address inequality in the returns of
SES. Unfortunately, NHB families are at a double disadvantage because they are affected by low SES
and low return of the existing SES resources [52,104].

Multilevel economic, psychological, and societal mechanisms may be involved in explaining
racial and ethnic gaps in the returns of parental education [52,104]. MDRs may be due to racism across
multiple societal institutions and social structures [52,104]. Racial/ethnic prejudice interferes with the
processes that are needed to gain benefits from available SES resources [105–107]. MDRs of educational
attainment may be in part due to a history of childhood poverty [108]. The current study, however, did
not explore societal and contextual processes that could explain such MDRs.

NHB families are more likely to stay in poor neighborhoods despite high SES. Highly
educated NHBs are more likely to stay poor than NHWs [66,109]. Similarly, NHB families from
high SES backgrounds may remain at risk of environmental exposures than NHWs with similar
SES [95,96,98,110–113]. Similarly, high SES NHB youth spend time with peers with higher risk and
behavioral problems than NHWs with the same SES [54,91].

The implications of these MDRs are that it is not merely the access to SES, but also the degree to
which SES can result in outcomes that should be addressed. Interventions should target the societal,
social, environmental, and structure processes that generate MDRs. We argue that the solutions to
MDRs-related disparities are different from those due to low SES. While the solution to disparities due
to the gap in SES is to increase NHBs’ access to SES resources, the remedy to MDRs-related inequalities
to empower NHBs so they can more efficiently translate their SES to outcomes. The latter solution

147



Brain Sci. 2020, 10, 312

requires policies and programs that go beyond access and address structural and environmental factors.
For the latter, there is a need to equalize the life conditions of NHBs and NHWs.

6. Implications

The results may still be preliminary and need further evaluation. If these results are replicated
by other datasets and samples, then there is a need for an intervention. It can be argued that NHB
parents may require some additional help to mobilize their educational resources. NHB parents may
benefit from programs that help with the employability of highly educated NHB parents. Schools in
urban areas may benefit from additional resources and an enhanced quality of teachers. After school
programs are some example solutions that may compensate reduced IC of NHB youth across SES
levels. Interventions may also specifically target the developmental needs of NHB youth across all SES
levels. Clinicians should be aware that some of the needs of NHB youth remain high across all SES
levels. So, clinicians should be informed that some of the benefits and advantages that NHW youth
receive from high SES may not be relevant in NHB families. Low attention may also be diagnosed
and treated in NHB families across SES levels. Policymakers may also go beyond family SES and
address structural factors that hinder NHB families from mobilizing their SES resources, particularly
educational attainment, for securing outcomes.

7. Limitations and Strengths

Each study comes with specific types of methodological limitations. As our data were
cross-sectional, we cannot draw any causal inferences between race, parental educational attainment,
and youth IC. Similarly, this study only tested the MDRs of parental educational attainment. Other
research may test if MDRs also hold for other SES indicators such as parental occupational prestige,
income, wealth, and neighborhood SES. These investigations are important because associations
between various SES indicators depend on race/ethnicity. Finally, this study only described the MDRs
and did not explore contextual factors that could potentially explain the observed MDRs.

To list the study strengths, we can refer to the national scope, multi-center nature, large sample
size, large sample of NHBs, and focusing on multiplicative rather than additive effects of SES and race.
We can also refer to the application of multiple IC measures (the stop-signal task and CBCL) as another
strength of the study. It is important to validate the youth IC task performance with the CBCL parent
ratings for several reasons. First, in a clinical setting, most clinicians can easily utilize data of CBCL and
measure IC using parents’ ratings. However, in many clinical and school settings, collecting data on IC
using time-consuming tasks may be difficult. This is also applicable to scaling up the study results.
While public health programs and interventions may apply self-reported measures of attention as a
screening tool, it is unlikely that large programs can access laboratory measures of attention. So, our
multiple measures of IC make our results applicable to a large-scale intervention. Finally, any study of
racial differences should always cross-validate their measure. We found the IC similarly correlate with
clinical presentation (parental report) of IC, so our IC construct was reflecting the same concept and
is similarly applicable to NHW and NHB youth. In other terms, our lab-based measure of IC refers
to the very same understanding of parents about their youth behavioral and attention problems. So,
the results are similarly relevant to NHB and NHW families. This approach helps us rule out that the
observed racial differences are simply an artifact and due to racial variation in measurement properties.

8. Conclusions

When compared to NHWs, NHB youth show lower parental educational attainment and parent
reported IC. This adversity is compound by another more profound and systemic adversity, which
reflects a weaker effect of parental educational attainment and youth IC. As a result of the latter
disadvantage, NHB youth show low IC even when they have highly educated parents. That means
some of the inequalities in IC remains across all SES levels. In other terms, racial and ethnic inequalities
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in IC show a spill-over effect in middle-class people. As a result of high IC, NHB youth with highly
educated parents may remain at risk of social, emotional, and behavioral problems.
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