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ABSTRACT 

There is a strong reciprocal link between environmental experiences and children’s 

cognitive development (Brocki & Bohlin, 2004). One such environmental experience, with a 

widely recognized negative impact on cognitive development, is maltreatment in childhood 

(Diaz & Petersen, 2014). Long-term outcomes of cognitive development among maltreatment 

populations has historically examined intellectual functioning and language development. 

Limited research exists that examines deficits in executive functioning among pediatric 

populations with histories of maltreatment. This retrospective chart review, which included a 

total of 88 cases, examined whether maltreated children demonstrate greater impairment on 

measures of executive function than observed in samples of typical norms. Cases selected for 

this study required objective documentation of maltreatment. Further analyses examined whether 

specific maltreatment variables could reliably predict poor executive function performance.  

This sample of maltreated children demonstrated significantly greater impairment as 

compared to rates of impairment observed in typical norm samples. In utero exposure was found 

to be the only maltreatment variable to significantly predict executive function performance, 

although half of the findings were contrary to what had been hypothesized. Moreover, the utility 

of in utero exposure as a predictive variable was found to be low.  

Unique demographic and maltreatment characteristics of the current sample are 

presented, which provide directions for further research. Legal implications of research 

examining the effects of in utero exposure are acknowledged, which illustrate the need for 

policies that minimize stigma and promote engagement in healthcare systems by pregnant 

women who suffer from substance use disorders. 
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CHAPTER 1 

INTRODUCTION 

When evaluating for cognitive impairment, identifying the potential sources may be vital 

in being able to assess prognosis and trajectories for treatment (Kavanaugh et al., 2017). 

Particularly so for children, whose recovery and prognosis may be quite different than adults 

depending upon the source of insult/injury (Figaji, 2017; Lanphear, 2015). Maltreatment in 

childhood is an emerging area of interest in neuropsychological research, and a challenging 

population to study. The ill effects of maltreatment have also become a recent focus of public 

health, and the definition of maltreatment has evolved rapidly alongside our growing collective 

knowledge (U.S. Department of Health & Human Services, et al., 2020). For example, one of the 

newest factors of childhood maltreatment to be considered is prenatal exposure and determining 

where this form of maltreatment fits into existing definitions (Young et al., 2009).  

The prevalence of child maltreatment continues to grow steadily with each year, and 

substantiated reports are believed to be a low estimate (Schnitzer et al., 2013). There is a wide 

variety of risk factors associated with the occurrence of child maltreatment, most related to 

socioeconomic status and poor wellbeing of parents themselves (Santhosh, 2016). Outcomes for 

maltreated children are poor with an increased likelihood of continuing cycles of maltreatment 

towards their own children (Fang et al., 2012). 

The relationship between maltreatment and impaired performance on neuropsychological 

measures has been thoroughly investigated for intellectual functioning, attention, and memory 

(Masson et al., 2016). Executive functions are a less understood domain in relation to 

maltreatment histories. Advances, in biomedical measurements and pen-and-paper tests, in the 

ability to track brain-behavior relationships across the span of childhood development has 
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improved substantially (Deoni et al., 2011; Hughes & Graham, 2002). A compelling theory of 

the relationship between childhood maltreatment and deficits in cognitive performance states that 

the neuroendocrine response to stress, when highly activated for abnormally prolonged periods 

of time, may damage the development and growth of white matter (Johnson et al., 2013; Van 

Voorhees & Scarpa, 2004). This may then correlate with executive functions, which have strong 

neuroanatomical correlations to white matter (Collette et al., 2006; Marvel & Desmond, 2010).   

The purpose of this project is to contribute to the limited body of research that examines 

the relationship between executive functions and specific types of maltreatment as well as 

general demographic qualities of maltreated child populations. The findings of this study may 

provide insight regarding the relationship of social-environmental variables and cognitive 

development in children. Additionally, this project may provide considerations for interpretation 

of executive function performance when applied to children with histories of maltreatment. 

  



 4 

CHAPTER 2 

LITERATURE REVIEW 

Etiology of Cognitive Impairment in Children 

For children, cognitive impairment can occur from a wide variety of etiologies, the most 

common of which include injury, disease, genetic factors, and social-environmental factors 

(Kavanaugh et al., 2017).  

• Injuries that can affect or influence cognition include traumatic brain injuries (TBI) 

which range from minor concussions to focal brain injuries sustained from serious 

accidents, such as car collisions – the results of which range and vary as a function of the 

injury location and severity. Toxic, metabolic, and hypoxic/ischemic injuries can also 

have lasting effects on cognition depending on when in the developmental trajectory they 

occur (Baron, 2018). 

• Diseases that can influence child cognition include brain tumors and forms of leukemia, 

which can carry cognitive effects late into life. This is often due to the toxic effects of 

chemotherapy on white matter integrity or the lifelong effects of radiation on surrounding 

healthy tissues and supporting vascular systems (Hutchinson et al., 2017). 

• Genetic inheritance refers to the contribution of genetic material by parents, which may 

set the upper and lower range for one’s intellectual and physical potentials, such as height 

or one’s likelihood of developing a genetically predisposed psychological disorder, such 

as attention-deficit hyperactive disorder (ADHD). This may also include rare genetic 

disorders, such as Wolf-Hirschorn syndrome or DiGeorge syndrome, both of which 

involve chromosomal deletions that often result in lower intellectual ability scores and 

can result in profound functional limitations (Simon, 2007) 



 5 

The previous sources of cognitive impairment are often the result of biology or stem from 

the interaction of biological variables with other variables, such as radiation exposure. Although 

our understanding of core neurocognitive capacities acknowledges that there are strong 

reciprocal links between environmental experiences and children’s cognitive development, these 

are difficult to study (Brocki & Bohlin, 2004). Biological variables, even with large degrees of 

variation, are tangible and by their nature easier to categorize, track, and identify in research 

(Kavanaugh et al., 2017). Social-environmental variables by comparison are more difficult to 

modify and research is less consistent in measuring or categorizing the effects they have upon 

children’s cognitive development. Factors such as financial resources, education, family size, 

parenting behavior, religion, and ethnicity are all likely to have some impact upon cognitive 

development, but precision measurement, let alone objective categorization, of social-

environmental conditions are still developing within psychological research. However, some 

conditions have been recognized and their effects have begun to be widely researched, such as 

the effects of maltreatment and abuse (Diaz & Petersen, 2014).  

Defining Maltreatment 

Maltreatment, historically referred to as “child abuse,” has evolved in definition and 

scope. “Child maltreatment is any act or series of acts of commission or omission by a parent or 

other caregiver that results in harm, potential for harm, or threat of harm to a child,” [Leeb & 

National Center for Injury Prevention and Control (U.S.). 2008, p. 11]. “Acts of commission” 

refers to actions that are carried out by caregivers and includes physical, sexual, and 

psychological abuse [Leeb & National Center for Injury Prevention and Control (U.S.). 2008, p. 

11]. Decades ago, child abuse was limited to physical acts of violence – today the term 

maltreatment includes emotional, verbal, sexual acts and does not begin only when harm has 
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been inflicted. Threats and the potential for harm are treated as an equivalent to inflicted harm. 

“Acts of omission” refers to actions that are not carried out by a caregiver that are necessary for a 

dependent individual’s health and include physical neglect, emotional neglect, medical/dental 

neglect, educational neglect, inadequate supervision, and exposure to violence [Leeb & National 

Center for Injury Prevention and Control (U.S.). 2008, p. 11]. “Exposure to violence” is a 

condition of neglect in which children are indirectly traumatized by witnessing or experiencing 

events as a vicarious observer that include physical, sexual, or psychological abuse of others 

wherein the child is not the direct victim, such as intimate partner violence or “domestic 

violence” between caregivers [Leeb & National Center for Injury Prevention and Control (U.S.). 

2008, p. 18].  

Prenatal Exposure to Teratogenic Substances 

Prenatal substance use exposure adds additional complexity to our understanding of child 

maltreatment. In 1997, South Carolina’s State Supreme Court held that if the health or welfare of 

an unborn child could be or is adversely affected by the abuse of an illicit substance, then this 

action was defined as “child abuse” (Whitner v. State of South Carolina, 1997). While a 

precedent has been set by South Carolina, there remains controversy regarding the legal and 

ethical considerations of defining prenatal exposure as maltreatment, as well as wide variation 

among states and counties in the practice of testing, documenting, or reporting prenatal substance 

exposure (Young et al., 2009). Some states in the U.S. consider substance use/abuse during 

pregnancy a form of child abuse in and of itself, and do not require additional evidence of 

maltreatment to file a report to state Child Protective Services (Dailard & Nash, 2000). Whereas 

some states will acknowledge substance use during pregnancy as a form of child abuse only 

while in the context or with the presence of other forms of maltreatment, and will not recognize 
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substance use as evidence of maltreatment in isolation (Dailard & Nash, 2000). In 2000, 16 states 

legally defined substance use in pregnancy as a form of maltreatment, and as of 2019, 23 states 

have adopted this legal definition under civil child-welfare statutes (Dailard & Nash, 2000; 

Guttmacher Institute, 2021). In the state of Kansas, the Keeping Children and Families Safe Act 

(2003) introduced new requirements within the Child Abuse Prevention and Treatment Act 

(1974). These additions require that Child Protective Services are to be notified whenever an 

infant is born and identified by health care providers as being affected by illegal substance abuse 

or withdrawal symptoms as a result of prenatal drug exposure, but screening for substance use is 

at the discretion of health care staff and not a legal requirement. Substance abuse during 

pregnancy is not legally defined as a criminal act nor is it defined legally as child abuse within 

the state of Kansas, but women have been prosecuted for drug use during pregnancy and the 

potential or inflicted harm upon unborn children (Miranda et al., 2015). 

Prevalence and Risk Factors 

The most prevalent risk factors associated with child maltreatment perpetration are 

substance use and the presence of domestic violence within the home. Domestic violence is 

defined here as “abusive, violent, coercive, forceful, or threatening acts/words inflicted by one 

member of a household/family upon another member” (U.S. Department of Health & Human 

Services, et al., 2020, p. 110). Typically, these types of maltreatment are divided into 

subcategories of physical maltreatment, sexual maltreatment, psychological or emotional 

maltreatment, and neglect. Neglect serves as an umbrella to refer to any and all forms of neglect 

as they are often difficult to separate and rarely are there cases in which a child has experienced 

one single form of neglect (U.S. Department of Health & Human Services, et al., 2020). 
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A report on child maltreatment statistics collected in 2016 (U.S. Department of Health & 

Human Services, et al., 2018) throughout the United States indicated that from 2012 to 2016 the 

estimated number of children who experienced maltreatment increased from 656,372 to 671,622, 

which is total growth of 15,250 children. The most recent report indicates that from 2017 to 2018 

the estimated number of child maltreatment victims nationally rose from 674,000 to 678,000 

(U.S. Department of Health & Human Services, et al., 2020), and both of these reports 

demonstrate a consistent rise of 4,000 additional children with each year.  

Within the state of Kansas, as of 2018, there were 3,188 reports of substantiated cases of 

child maltreatment. Substantiated cases in 2018 consisting of only one type of maltreatment are 

as follows: (a) 411,969 cases were due to neglect (61%), (b) 72,814 cases of physical 

maltreatment (11%), (c) 47,124 cases of sexual maltreatment (7%), and (d) 15,605 cases of 

psychological maltreatment (2.3%). Substantiated cases with two or more types of maltreatment 

present comprised 15.5%, which is 105,322 cases of the total 677,529 cases reported in 2018; the 

most common combination types consisted of neglect with the three forms of physical, sexual, or 

psychological maltreatment (U.S. Department of Health & Human Services et al., 2020). Per 

1,000 children the rate of maltreatment by race/ethnicity is as follows: (a) 15.2 for Native 

Americans/Alaskan Natives, (b) 14.0 for African Americans, (c) 11.0 for children with multiple 

ethnicities, (d) 9.3 for Pacific Islanders, (e) 8.2 for White children, (f) 8.1 for Hispanics, and (g) 

1.6 for Asian children.  

Prenatal substance exposure is a new and special focus of child maltreatment statistics 

that has been gathered for the first time in the most recent report by the U.S. Department of 

Health & Human Services (2020). In 2018, a total of 27,709 infants were referred to protective 

service agencies due to screening for in utero substance exposure at birth (U.S. Department of 
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Health & Human Services et al., 2020). They note that the most significant challenge in the 

detection and accurate reporting of substance exposure are simultaneous factors that influence 

drug and alcohol excretion rates, which include but are not limited to the frequency of use, 

general liquid intake that could dilute measurement, health status, age, body weight and 

concurrent use of other substances, including alcohol and/or nicotine (U.S. Department of Health 

& Human Services et al., 2020, p. 90). 

Substantiated cases of maltreatment appear roughly equivalent for male and female 

victims, with an approximate ratio of 11 males for every 12 females. In 2018, 91.7% of 

substantiated cases determined primary caregivers to be perpetrators of child maltreatment. The 

second common perpetrators are relatives (4.7%), and other individuals who are strangers to the 

victim (2.8%). Globally, the United States has one of the highest rates of fatalities due to 

childhood maltreatment with 4 to 7 child fatalities each day (Child Welfare Information 

Gateway, 2018). Of the total 1,738 fatalities reported in 2018, 57.6% were male children and 

42% were female (U.S. Department of Health & Human Services et al., 2020). Per 100,000 

children, the rate of child fatalities due to child maltreatment by ethnicity are as follows: (a) 5.48 

for African Americans, (b) 2.22 for Pacific Islanders, (c) 3.12 for American Indians/Alaskan 

Natives, (d) 1.94 for White children, (e) 1.63 for Hispanics, and (f) 0.44 for Asian children (U.S. 

Department of Health & Human Services et al., 2020).  

As the National Child Abuse and Neglect Data System (NCANDS) data lag by 2 years 

with each report (due to the slow process of collection and analysis), we can assume with some 

certainty that the reported prevalence numbers have increased and will continue to grow (U.S. 

Department of Health & Human Services et al., 2020). Child fatality counts included in the 2018 

Child Maltreatment Report produced by NCANDS denote that these counts reflect “the federal 
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fiscal year in which the deaths were determined as due to maltreatment” and that “the year in 

which a determination was made may be different from the year in which the child died” (U.S. 

Department of Health & Human Services et al., 2020, p. 45). It should also be noted that the 

accuracy and consistency of child maltreatment data are likely low estimates due to 

underreporting (Schnitzer et al., 2013). The following variables of child maltreatment and child 

fatalities suffer from variations that influence the accuracy of reported data, including: (a) 

variations in reporting requirements across states, (b) variations in definitions of abuse/neglect, 

(c) variations in death investigation training/systems, (d) length of time to establish maltreatment 

as a cause of death, (e) ease of concealing or rendering unclear the circumstances of 

maltreatment or fatalities, and (f) lack of coordination/cooperating among agencies and 

jurisdictions. Children younger than 1 year of age are at the highest risk for maltreatment (U.S. 

Department of Health & Human Services et al., 2020) as well as children who are of ethnic 

minority groups (Mersky et al., 2009).  

For families, experiencing social isolation, family disorganization/dissolution, parenting 

stress, and poor parent-child relationships all contribute to the likelihood of child maltreatment 

occurring within the home (Barnett et al., 2011). For communities, the presence of community 

violence, concentrated neighborhood disadvantage (high poverty, residential instability, high 

unemployment, high density of alcohol outlets), and poor social connections are wider risks of 

increased child maltreatment (Barnett et al., 2011). Finally, for caregivers, risk factors are most 

potent. Caregivers with the following risk factors have a higher propensity to engage in child 

maltreatment (Santhosh, 2016):  

• Lack of parenting skills  

• History of experiencing child maltreatment themselves  
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• Mental health issues/psychiatric diagnosis  

• Low education  

• Younger age  

• Being a single parent  

• Substance use 

• Engaging in domestic violence with intimate partners  

• Having a large number of dependent children 

• Low income/financial poverty 

• The presence of nonbiological transient caregivers in the home  

• Having beliefs that justify maltreatment behaviors  

 The NCANDS data for 2018 identified drug abuse as the highest caregiver risk factor 

associated with child fatalities due to maltreatment (19.3%), with neglect involved in 72.8% of 

fatalities and physical abuse involved in 46.1% (U.S. Department of Health & Human Services 

et al., 2020). 

Protective factors that decrease the likelihood of child maltreatment for families and 

caregivers include effective parenting skills, social support networks, and overall healthy 

functioning of caregivers. Financial/economic factors such as adequate housing and parental 

employment also decrease the likelihood that child maltreatment will occur. Protective factors at 

the community level include communities that actively support parents and parenting 

responsibilities as well as communities that take responsibility for protecting children from 

maltreatment (Benard, 1993). 

Outcomes and Trajectories of Maltreatment 
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Experiences of maltreatment in childhood have both immediate and lifelong 

consequences that persist into adulthood. Poorer mental health and physical wellbeing, increased 

likelihood of victimization in adulthood, likelihood of perpetration of child maltreatment as 

adults, and overall shorter lifespans are among the large-scale outcomes known of children who 

have been maltreated (Anda et al., 1999; Felitti et al., 1998; Finkelhor et al., 2013; Herrenkohl et 

al., 2012; McGloin & Widom, 2001; Mersky et al., 2009). Additional links between adverse 

childhood experiences and long-term health include higher rates of heart/liver/pulmonary 

disease, intimate partner violence, substance use, mental health disorders, sexually transmitted 

infections, and unwanted pregnancies. Prenatal drug and or alcohol exposure can produce 

lowered intellectual functioning, difficulties in academic achievement, poor performance on 

executive functioning tasks, and a range of health consequences while in utero and later in 

childhood through adulthood (Ross et al., 2015). 

One study among a sample of adults who experienced childhood maltreatment found that 

80% met diagnostic criteria for at least one or more psychological disorders (Silverman et al., 

1996). Other research has determined that children who experience maltreatment are nearly nine 

times more likely to become involved in criminal activity (Harlow & United States Bureau of 

Justice Statistics, 1999). Across the nation, a high proportion of female and male prisoners 

endorse experiencing some form of childhood maltreatment, with significantly higher rates than 

seen among the general population (Harlow & United States Bureau of Justice Statistics, 1999). 

For children who experience maltreatment, at least 30% will go on to abuse their own children 

(Fang et al., 2012). Indirect costs include childhood medical costs, adulthood medical costs, 

chronic health problems, mental health care, productivity losses, special education services, law 

enforcement, and judicial costs. The estimated lifetime cost of childhood maltreatment is 
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$210,012 per individual victim and the total cost to the United States may be as high as $585 

billion dollars per year (Fang et al., 2012). 

Bidirectional Relationship Between Child Maltreatment and Child Development 

Unfortunately, children are at higher risk of maltreatment if they have some form of birth 

complication, a form of physical or cognitive disability, behavioral disorder, or chronic health 

condition. It is hypothesized that increased caregiver burden serves as a partial explanation for 

this increased risk (Krug et al., 2002). Children who are either noncompliant or overly compliant 

also tend to be at increased risk of maltreatment (Krug et al., 2002). 

Prior research has noted that within a household, a single child may be the primary target 

of maltreatment which may suggest individual factors of the child may increase or decrease their 

likelihood of suffering maltreatment (Belsky, 1978). Children with disabilities are at heightened 

risk of maltreatment, particularly sexual abuse, and they are less likely to disclose their 

experienced maltreatment or delay disclosing more often than typically-developing peers who 

experience comparable maltreatment (Hershkowitz et al., 2007). Similarly, children who are 

diagnosed with a behavioral disorder are at increased risk of maltreatment, and far more than for 

children with health and/or cognitive impairments (Jaudes & Mackey-Bilaver, 2008). 

Ammerman and colleagues (2000) suggest several reasons for why this may occur: (a) children 

with a disability or disorder are more challenging to parent and stressed parents are more likely 

to engage in maltreatment, (b) perpetrators may perceive children with disabilities as more 

vulnerable targets, as the child may be less able and/or less likely to disclose the maltreatment, 

and (c) children with a disability or disorder have greater or more complex needs than typically-

developing peers, and thus there are more opportunities for neglect to occur.  

https://srcd.onlinelibrary.wiley.com/doi/full/10.1111/cdev.12322?casa_token=_dPdZBZdbn0AAAAA%3Adrl8EH0SQ0r7jmvuQs3onaHxrN0sU5KMBsYt-pSXav82JQQhBmuUgJCLM8nG2SSkqREPL41bA2Kb#cdev12322-bib-0038
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Font and Berger (2014) used data from the Fragile Families and Child Wellbeing Study 

(FFCW) to directly address these questions of directionality and to better understand the 

relationship between child maltreatment and development. The FFCW is a multisite, federally 

funded project involving a birth cohort of close to 5,000 children who were followed 

longitudinally from birth to age 9. Their aim was to investigate the bidirectional relationship 

between childhood maltreatment and adverse developmental outcomes. They note that 

“children’s attributes and behaviors tend to affect their caregiver’s behaviors” (p. 539) and that 

although maltreatment may vary between families or households, “abuse may be more strongly 

influenced by a child’s characteristics and behaviors than neglect” (p. 540) as this requires parent 

behaviors towards the specific child and neglect is based upon household resources.  

Font and Berger (2014) found that all types of maltreatment were associated with modest 

increases in behavior problems at later age in childhood. In particular, physical neglect was 

strongly associated with adverse cognitive development and also with increased behavioral 

problems. Inadequate supervision was associated with increased internalizing disorders and 

aggression. Physical and emotional abuse was associated with poorer social-emotional 

functioning/development. Generally, the findings demonstrated that the effect of earlier 

maltreatment and later social-emotional and cognitive development was greater than the effect of 

earlier developmental factors and later experiences of maltreatment. However, bidirectional 

effects were also seen as in many cases initial maltreatment that led to later developmental 

impairment, then led to increased subsequent maltreatment. At ages 3 and 5 experienced 

decreases in intellectual functioning, increases in internalizing symptoms, and/or increases in 

aggressive behaviors predicted an increased likelihood of experiencing repeated maltreatment in 

later years. 
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Maltreatment and Cognitive Functioning 

Intellectual ability, attention, language, and comorbid disorders have been the 

predominant focus of psychological research for populations of maltreated children. A smaller 

body of research has examined the cognitive functioning of maltreated children with measures of 

executive function. A recent meta-analysis examining the effect of maltreatment and presence of 

psychiatric disorders on cognition identified that few studies have examined neuropsychological 

assessment results for maltreated child and adolescent populations (Masson et al., 2016). Of 

those few studies, the majority concentrated on intellectual ability (26) with 8 research 

publications examining executive functions. Kavanaugh and Holler (2015) conducted a general 

investigation of neuropsychological functioning in a sample of 39 adolescents within a 

psychiatric inpatient setting. Of those who had experienced maltreatment (N =15), intellectual 

ability and a visuospatial measure of both attention and some executive functions were found to 

differ significantly from those with no history of maltreatment. Another recent study (Cowell et 

al., 2015) investigated a large sample of maltreated children (N = 223) with a focus on chronicity 

of maltreatment and developmental timing when maltreatment took place. Within this study, 

there were measures of working-memory, immediate and delayed visuospatial memory, 

attention, motor control, and a number of measures related to inhibition. Overall findings were 

that maltreated children demonstrated poorer performance on tests of inhibition and working-

memory. Regarding timing of maltreatment, children who were maltreated earlier in life had 

among the poorest performances across tasks. Unsurprisingly, greater chronicity or duration of 

maltreatment experienced by the child also led to poorer performance. Another example of 

recent research that includes measures of executive functioning is a prospective examination of 

792 individuals (57% composed the maltreated group) to investigate if differences in cognitive 
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functioning over 20 years later could be predicted by childhood maltreatment. The results 

demonstrated that specifically neglect, and not physical nor sexual maltreatment, appeared to 

predict poorer performance on executive functioning and nonverbal reasoning tasks. An 

additional finding was that after removing variance associated with a diagnosis of posttraumatic 

stress disorder (PTSD) those differences in cognitive functioning performance were still 

significant (De Bellis et al., 2013). 

Among these studies, and several more that include psychological measures of cognitive 

functions, a notable limitation is the inclusion of only one measure of executive function, such as 

inhibition. Within these studies, there appears to be an intriguing pattern of atypical performance 

in children with a history of maltreatment, as compared to typical controls. Additionally, in 

Kavanaugh and Holler’s study (2015) adolescents who had been maltreated performed poorly on 

an integrated visual/executive task than other adolescents who also resided in an inpatient 

psychiatric setting. A few studies stand apart in this respect, including a wider breadth of 

measures and comprehensive assessment of executive functions. Before delving into these 

studies, a discussion of executive functions and what they do would be useful. 

Overview of Executive Functioning 

The term “executive functions” acts as a shorthand term for a highly complex set of 

processes that have held various descriptions throughout an extensive body of research. 

Executive functions are commonly conceptualized as “higher order” cognitive processes that are 

required to “execute” tasks and are believed to be generally localized within the frontal lobes 

(Baron, 2018; Diamond, 2013; Lezak, 2012; Strauss et al., 2006; Stuss & Benson, 1986).  

These functions are vital and their complexity has been a challenge to accurately assess. 

Some of these functions may include descriptions or labels such as (but not limited to) decision 
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making, working memory, response inhibition, planning, fluency, goal setting, organization, 

flexibility, self-regulatory processes, anticipation of consequences, and initiation of purposeful 

behavior. Executive functioning is a generally recognized term within clinical psychology and 

other specialized fields, but the measurement of the cognitive processes or behavioral skills that 

reflect executive functioning varies within the literature.  

A number of gaps in the measurement of executive functions also exist between 

psychometric measurement and ecological validity; the level at which children can perform on 

pen-and-paper tests within a lab or clinic does not necessarily correspond to their performance in 

high-stress social situations, which occur frequently within the context of maltreatment. 

Furthermore, in children these abilities are actively developing and also present themselves 

differently than observed or measured in fully developed adults. One concise way to organize 

this complex variety of functions is to narrow down executive functions to their three core 

functions that can be observed in both developing children and adults: (a) inhibition, (b) working 

memory, and (c) cognitive flexibility (Diamond, 2013). 

Inhibitory Control 

Inhibitory control or inhibition describes the ability to ignore impulses or conditioned 

responses and instead do what is more appropriate or needed for a given situation; essentially the 

ability to control behavior, thoughts, emotions, and attention. Not to be confused with general 

attentional abilities, the effect of inhibition on attention may be referred to as “executive 

attention” wherein we can choose to ignore stimuli in favor of attending to specific stimuli based 

upon our intentions or goals (Barkley, 1997; Best & Miller, 2010; Miyake et al., 2000). 

A helpful metaphor for working with children and conceptualizing inhibitory control is to 

think of a car’s gas pedal as impulse and the brakes as inhibition. Some children “slam” on the 
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gas and virtually ignore the breaks (highly impulsive), some children alternate between pressing 

the gas and tapping the breaks (able to self-correct impulses when appropriate), and some 

children “ride” on the brakes (overly controlled and potentially anxious). Inhibition of behavior 

and emotion may be also referred to as “self-control,” where we may have an automatic reaction 

or impulse that we are able to redirect towards a more socially appropriate or adaptive response.  

Examples for children who are not exercising behavioral or emotional inhibition might 

include striking back when hit by a peer, yelling when feelings are hurt, grabbing toys from other 

children, blurting answers out in class, cutting in line, or doing any variety of things they have 

been expressly told they cannot or should not do. The delay of gratification can be thought of as 

a further developed manifestation of inhibitory control, where distractions or temptations to give 

in to impulse (immediate gratifications) are overridden in order to achieve a goal or gain a 

greater reward (Mischel & Ebbesen, 1970).  

Longitudinal studies conducted by Moffitt and colleagues in 2011 and 2012 (presented in 

2013) determined that inhibitory control in childhood appears to be a consistent predictor of risk 

for drug/substance use, quality of physical/mental health, educational attainment, and general life 

satisfaction as adults; with better inhibitory control associated with the best outcomes. 

Working Memory  

Working memory involves the ability to hold information that is no longer perceptually 

present, and manipulating or “working with” that information cognitively (Alloway et al., 2006; 

Baddeley, 1992; Goldman-Rakic, 1987; Huizinga et al., 2006). One’s capacity and skill with 

working memory can be subdivided into verbal information or nonverbal information. This is an 

important distinction as most children and adults demonstrate greater skill with one type over the 

other (Binder et al., 2009). Working memory is essential for appropriate sequencing of episodic 
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information and general learning, as we must make sense of events that occur over time – we 

have to hold in mind what happened before (antecedents) and what occurred after 

(consequences) in order to make cognitive and behavioral associations between them. For 

children this is especially important for academic progress – making sense of letters into words, 

words into paragraphs, and paragraphs into chapters for reading and any mental calculations for 

math or sequences of mathematical formulas. Following multistep directions, incorporating new 

information with previously learned information, or comparisons between several available 

choices all requires functional working memory.  

The ability to reason, the ability to see connections between different unrelated concepts, 

and the ability to separate elements from an integrated whole (and put it back together again) are 

all facets of working memory. This can include how one deploys a strategy for solving a problem 

or completing a complex task. Do you start with the minute details, or do you have the 

completed task in mind as you start? Working memory “enables us to bring conceptual 

knowledge and not just perceptual input to bear on our decisions” and “to consider our 

remembered past and future hopes in making plans and decisions” (Diamond, 2013, p. 143). 

Working memory is not to be confused with short-term memory, as developmentally short-term 

memory develops faster and earlier than working memory functions (Davidson et al., 2006) and 

short-term memory (immediate memory) does not involve manipulation of information as 

working memory does. Developmentally, it is appropriate for children to have lower working 

memory capacity than adults as working memory demonstrates robust age-related changes over 

time (Diamond, 2013). 

Cognitive Flexibility 
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Working memory and inhibition are the two essential foundations of developing 

cognitive flexibility later in life. Cognitive flexibility involves the ability to adapt one’s approach 

to different demands in a situation/task or conceptualize a problem in a different way than 

previously attempted. Rigidity or “fixedness” is the functional opposite of cognitive flexibility. 

In assessment, cognitive flexibility is observed in “task-switching” or “set-shifting” tasks, which 

like working memory can be verbal or nonverbal in form, and as the complexity of the task 

increases so does demand of cognitive resources (Miyake et al., 2000). Flexibility is reflected by 

the ability to focus on different qualities of stimuli or letting go of the “cognitive inertia” (built 

from thinking about a stimulus in a specific way) to now think of that stimulus in a novel way. 

Fixation on specific qualities (perseveration) is thought to reflect rigidity and is typically 

demonstrated in errors where in one applies the same method to solve a problem repeatedly 

despite corrective feedback (Blakey et al., 2016). A common type of measurement for verbal 

cognitive flexibility are “switching” tasks. These involve the ability to switch between two 

cognitive streams, while keeping the “set” or rules for the task in mind or switching from one 

previously maintained cognitive set to a novel set of rules.  

An example of a cognitive flexibility measure is the Trail Making Test (TMT; Army 

Individual Test Battery, 1944), which is a component of the Halstead-Reitan Battery (Reitan & 

Wolfson, 1985). The test consists of two parts, Trails A and Trails B. Trails B is an assessment 

of cognitive flexibility or “set shifting”, where subjects must connect letters and numbers in 

alternating and consecutive order. Poor performance on this task is believed to indicate 

difficulties in executing or modifying a plan of action or difficulty maintaining two cognitive sets 

simultaneously (Strauss et al., 2006). Another example is the Wisconsin Card Sorting Test 

(WCST; Grant & Berg, 1948) which was developed to measure abstract reasoning and one’s 

https://www.sciencedirect.com/science/article/pii/S0887617703000398#BIB1
https://www.sciencedirect.com/science/article/pii/S0887617703000398#BIB1
https://www.sciencedirect.com/science/article/pii/S0887617703000398#BIB15
https://www.sciencedirect.com/science/article/pii/S0887617703000398#BIB15
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ability to shift cognitive strategies in response to changing contingencies. Often this task 

involves more complex problem-solving behaviors as well as responsiveness to feedback, 

whether positive or negative (Strauss et al., 2006). For use in child populations, the WCST is 

believed to measure set shifting and flexibility in novel problem solving. 

Cognitive flexibility facilitates learning by experience and the development of new skills. 

As children age they gradually adopt greater responsibilities both at home and in academic 

settings. Cognitive flexibility allows for adaptation of previously learned skills into new 

environments and for greater complexity of skills. Children will generalize simple tasks, such as 

picking up after oneself, into school settings or home settings of playmates, without the need for 

direct and specific instruction. Fostering independence and problem-solving skills requires 

flexibility in thought. For example, if a child misses their bus to school and their caregiver(s) 

have already left for work, how will they navigate this new challenge? Without cognitive 

flexibility children are likely to adhere to “old solutions” in novel situations, leading to 

ineffective problem solving or poor outcomes. They may have difficulty understanding that in 

different environments expectations for behavior may be the same or may be different, as they 

may not be sensitive to changes in context or nonverbal cues from others. Causal reasoning in 

general may be more challenging for children who struggle with attending to and accurately 

tracking different sets of information/stimuli (Barbey et al., 2013; Operskalski & Barbey, 2013). 

Theory of Mind Formation 

The formation of Theory of Mind (ToM) and its relationship to executive functions has 

also been explored in research. Some research has correlated widespread executive function 

deficits with fundamental ToM errors in high-functioning pediatric populations within the autism 

spectrum (Ozonoff et al., 1991). Other research suggests that the development of ToM is closely 
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tied to inhibitory control and intellectual ability, while working memory was not found to be 

related to ToM within a study of young children (Carlson et al., 2002). It has been posed that in 

preschool development, the formation of ToM initially requires basic executive functions 

(inhibitory control and working memory) to develop, and at later developmental ages more 

complex executive functions are necessary for further growth of ToM (Perner & Lang, 1999). 

ToM is certainly implicated in social reciprocity and complex social interactions. It may be 

difficult, if not impossible, for children to develop out of egocentric perspectives without 

cognitive flexibility as taking on the viewpoint of another person requires the consideration of 

alternative actions and subsequent outcomes. For maltreated children, dysregulation of social and 

emotional behavior are evidenced by the diagnoses of reactive attachment disorder or 

disinhibited social engagement disorder, both of which require a history of childhood 

maltreatment as a diagnostic criterion. If the development of ToM and executive functions are 

closely aligned, this has strong implications for the overall dysfunction that may be experienced 

by children with histories of maltreatment. Opportunities for social learning and forming 

relationships may be impeded by immature executive functions, which may produce further 

delays in overall functioning. 

Attention 

Kavanaugh and colleagues (2017) conducted a review of neuropsychological studies that 

examined deficits in children/adolescents with a history of childhood maltreatment. Within their 

review, they claim that executive functions have been among the second-most studied constructs 

of neurocognition among maltreated populations. However, they combined measures of attention 

with executive functions, stating directly the inclusions of the following measures: (a) sustained 

attention, (b) visual attention, and (c) auditory attention. A more accurate distinction between 
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attention and executive functions is that attention is a less complex cognitive process and 

executive functions are a combination of other, more complex, cognitive processes that are 

involved in directing behavior, planning purposeful actions, and coordinating global cognitive 

performance to be as efficient as possible (which includes any volitional cognitive processes) 

(Lezak, 2012).   

Simply put, attentional processes can function without executive functions (though 

attention may be less coordinated or efficient), but executive functions require attention as a 

foundational process in order to operate, just as memory requires attention in order to gather 

information. Studies that have examined neuropsychological profiles of autism spectrum 

disorders as compared to ADHD profiles found distinct differences between basic attentional 

processes and more complex executive functions (J. Wang et al., 2018). Furthermore, organized 

networks within the brain have been identified via fMRI studies (Yeo et al., 2011) and 

distinguished from one another, including the differentiations between higher level executive 

functions (associated with the frontoparietal network) and attention (dorsal attention and ventral 

attention).  

A recent examination of executive function via fMRI applied the contemporary 

theoretical organization of these functions (as described above: inhibitory control, working 

memory and cognitive flexibility) and their findings strongly suggest attentional processes are 

distinct from executive functions (Reineberg et al., 2018). Furthermore, individual differences 

and variations specific to attentional networks differentiate between default attention and task-

oriented attention (Kelly et al., 2008). Due to the close proximity of the attentional and executive 

networks in the frontal lobe, any damage incurred, either through direct injury or indirect 

biological insults (i.e., toxic agents), often affects both systems. While related and symbiotic, 
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attention should not be considered a facet of executive functions, nor is executive function 

considered a facet of attention. 

Executive Functions and the Developing Brain 

Between child and adult populations, the three core factors of executive functions have 

been identified and can be measured developmentally, even within children as young as 4 

(Hughes, 1998; Pennington, 1997; Welsh et al., 1991). The development of these functions is 

generally conceptualized as “an increasing ability to resolve conflict” (Best & Miller, 2010). 

These conflicts may be between a novel problem and a previously learned mental set for working 

memory, habitual responses versus active goal-directed behavior for inhibition, or as a process of 

maintaining a set of interrelated “rules” for procedural tasks in cognitive flexibility (Munakata, 

2001; Zelazo et al., 2003). Anatomically, the development of executive functions theoretically 

corresponds to white matter development in the prefrontal cortex and changes in the underlying 

neural networks of subcortical structures. 

The development of executive functions is understood to occur within the first few years 

of life and demonstrates age-related changes that occur in stages (Chugani et al., 1987; 

Pennington & Ozonoff, 1996). These functions become fully mature in early adulthood and 

decline gradually with normal aging over time. The development of macro- and microwhite 

matter structures are widespread and significant from childhood to adolescence, with these 

changes in white matter structure closely tied to executive functions (Filley, 2002; Konishi et al., 

2003).  

Ages and Stages of White Matter Development 

White matter structures, as with brain development, follow an organized and 

phylogenetic pattern starting in the least advanced portions and proceeding to the most advanced 
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or most recent evolutionary portions of the brain (Baron, 2018; Benes, 1994; Paus, 2010; 

Yakovlev & Lecours, 1967). Essentially, the oldest anatomical structures of the brain in our 

evolutionary family tree are the first to undergo myelination, and these tend to also be the least 

complex structures. The newest or most recent anatomical structures, those that are most unique 

to homo sapiens, are among the last to myelinate; and tend to be the most complex. 

Deoni and colleagues (2011) conducted a study using infrared spectrometry to examine 

the spatiotemporal pattern of white matter development in infants beginning at 3-months of age 

and ending at 11-months. The order of white matter development by structure began within the 

cerebellum, pons, and internal capsule regions. The second phase of white matter creation spread 

to the splenium of the corpus callosum and optic radiations. The third wave of white matter 

spread across the occipital and parietal lobes. And the fourth phase was observed to spread to the 

genu of the corpus callosum, the temporal lobes, and finally the frontal lobes. The overall pattern 

was observed to begin in the brainstem and specifically the most proximal portions of the brain 

and ended in the most distal and “youngest” evolutionary portions of the brain.  

In infancy, the auditory and visual regions undergo myelination before motor regions; 

within a region, pathways that carry nerve impulses from reception sites of our senses are 

myelinated earlier than areas associated with perceptual interpretation. Optic tracts within the 

brain, which carry information from the eye to the occipital lobe and primary visual cortex 

initially become faster and more efficient than the visual cortex itself.  

The frontal lobes, specifically the prefrontal cortex, and distributed networks that include 

subcortical structures as well as parietal regions of the cerebral cortex are believed to be the 

anatomical correlates to executive functions (Collette et al., 2006; Marvel & Desmond, 2010). It 
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is in these areas that disorganized or disrupted myelination appears to have a strong correlation 

with impaired or absent executive function processes (Barnea-Goraly et al., 2005).  

Myelination in the frontal lobe starts during early childhood near the central gyrus 

alongside the parietal lobe (Cabrera et al., 2020). When learning to walk and coordinate our 

motor movements, myelination of the motor cortex begins parallel to the somatosensory cortex. 

As individuals age, white matter develops in a progressive fashion throughout the brain and 

previously myelinated axons thicken gradually over time (Paus, 2010). The frontal lobe 

continues a slow myelination process well into late adolescence, thought to be completed or 

close to completion by approximately age 25 in most neurotypical adults.   

From infancy to around 3-years of age, a spike of myelination across the brain combined 

with synaptic pruning is believed to be the biological process underpinning language acquisition, 

a sensitive period or critical window for learning to speak (Johnson & Newport, 1989; 

Lenneberg, 1984). Prior to age 6, the growth and development of grey and white matter have 

outpaced the process of synaptic pruning, which results in increasing brain volume for both 

cortex and myelinated axons. By age 6, children have reached 90% of their total adult brain 

volume, but the pace of grey matter development begins to slow while white matter continues to 

grow (Cabrera et al., 2020). This results in a seeming plateau of overall brain volume, when in 

fact the efficiency of cognition improves dramatically through pruning of grey matter 

connectivity and white matter development.  

During middle childhood, starting around 8 years of age, white matter demonstrates a 

plateau relative to the previous years of rapid development (Dean et al., 2015). MRI studies have 

demonstrated fewer increases in white matter and greater decreases in grey matter up to age 10 

that are thought to reflect a loss of local efficiency within a given region of the brain, but 
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enhanced global efficiency across the brain (Dean et al., 2015). Longitudinal studies of late 

childhood brain myelination suggest that pubertal onset has a unique influence on white matter 

development during adolescence with specific changes found in increased white matter volume, 

thickening of the corpus callosum, and the organization of specific white matter tracts in the 

brain (Ladouceur et al., 2012). The presence of hormones associated with puberty are strongly 

implicated in these structural changes, demonstrating the profound influence neuroendocrine 

activity has upon the developing brain. Some consider the smaller surge of myelination seen in 

adolescence as a “sensitive period” for affective processing just as the increased activity of 

myelination during toddler-aged years is a “sensitive period” for language acquisition (Dahl, 

2004). 

Development of Inhibition  

Inhibition is among the earliest core executive functions to develop and has been 

observed as early as infancy (Garon et al., 2008). The simplest forms of response inhibition 

require minimal working memory, but as tasks become more complex a greater cognitive 

demand necessitates greater working memory capacity. The first substantial improvements in 

inhibitory control occur during preschool years after age 4, as children begin to demonstrate 

successful performance on complex inhibition tasks that include suppressing a prepotent 

response and initiating a newly learned alternative response.  

From ages 5 to 8 inhibitory control continues to improve, particularly for tasks that 

combine inhibition and working memory (Carlson, 2005; Gerstadt et al., 1994; Romine & 

Reynolds, 2005). In these school-aged years, inhibition becomes more refined and accuracy 

demonstrates the greatest improvements, where the earliest development of inhibition involves 

conceptual gains in the ability to override behavioral impulses (Best & Miller, 2010). 
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Neurobiological measurements across these ages during inhibitory tasks indicate children aged 4 

and younger activate larger and more diffuse areas of the brain than in older children, which 

supports the theory that grey matter loss and stable myelination by age 8 reflects greater 

efficiency in executive functions by synaptic pruning (Best & Miller, 2010; Dean et al., 2015). 

Johnstone and colleagues (2007) note that despite dramatic changes in neural structure 

across childhood, beyond the transition from preschool to school-aged years, improvements on 

tasks of inhibition are often subtle, if not undetectable. Brain maturation certainly continues into 

adolescence and adulthood, but measures of inhibition in controlled settings (i.e., 

neuropsychological testing) may be poor predictors of inhibitory response in real-life contexts. 

Research on adolescent behavior has noted that poorer self-regulation and increased risk-taking 

behaviors still occur as inhibitory control remains immature and vulnerable to socioemotional 

influence (Anderson, 2002). 

Development of Working Memory 

Working memory also follows a gradient in complexity, with simpler tasks requiring only 

maintaining information (e.g., digit span forwards) whereas tasks with greater complexity require 

some form of manipulation (e.g., digit span backwards). Less demanding working memory tasks 

are mastered early in childhood, again around age 4, and by age 6 children are able to complete 

more complex tasks (Garon et al., 2008; Gathercole et al., 2004). From preschool years to 

adolescence, children tend to perform better on visual tasks of working memory than verbal tasks 

(Conklin et al., 2007).  

However, among researchers who study working memory development in children, the 

consensus is that the degree and depth of processing required by the task is most closely 

associated with developmental trajectory and performance, and not whether the stimulus is 
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verbal or visual (Conklin et al., 2007; Luciana et al., 2005). It is likely that visual working 

memory tasks are easier to develop sensitive measurements and understandable instructions for 

children, partially due to attentional and language development trajectories related to age 

(Goolkasian & Foos, 2002). Specifically, older children demonstrate a “phonological loop” for 

verbal memory tasks, whereas younger children (typically younger than 7) are more adept with 

visual memory tasks and may still be mastering language skills (Baddeley, 1992; Flavell et al., 

1966).  

Working memory appears to develop gradually and improvements, either in the capacity 

of working memory or the degree of processing required, demonstrate linear age-related changes 

from early childhood through late adolescence (Best & Miller, 2010). Neurobiological 

measurement of working memory indicates maturation and development of white matter located 

specifically within the frontal lobe, thalamus, and basal ganglia are associated with age-related 

performance (Nagy et al., 2004; Scherf et al., 2006). In comparison to the global brain 

maturation that contributes to inhibition development, working memory appears to correlate to 

the refinement of specific neural circuits within and connected to the prefrontal cortex (Eriksson 

et al., 2015). 

Development of Cognitive Flexibility 

As noted earlier, cognitive flexibility first requires inhibitory control and working 

memory in order to develop. For children to successfully shift between sets of information, 

sufficient working memory must be in place for them to “hold it” (Garon et al., 2008). 

Successful shifting between two simple response sets has been observed in preschool-aged 

children, as long as demands on inhibition are sufficiently reduced (Rennie et al., 2004). Speed 

of response and accuracy of set shifting are associated with greater cognitive flexibility, with 
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linear improvements found from preschool-aged children up to adolescence (Davidson et al., 

2006; Huizinga et al., 2006).  

From age 7 and up, speed in set shifting increases into adolescence. In adolescence, 

cognitive switching is fast, but more likely to be inaccurate, with adults gaining accuracy by 

sacrificing speed (Davidson et al., 2006). Neurobiological measurement of cognitive flexibility 

indicates it is localized specifically in the prefrontal cortex and anterior cingulate cortex, which 

is implicated in performance monitoring and error detection (Carter et al., 2000; Rubia et al., 

2006). In younger children there is an insensitivity to feedback and performance monitoring that 

becomes highly sensitive later in adolescence (Somsen, 2007).  

Generally, cognitive flexibility is a skill that improves most throughout adolescence and 

is partially explained by the need for further developed or mastered skills in inhibition and 

working memory that come earlier in development. Increased myelination in adolescence with 

pubertal onset also coincides with increased activity and connectivity between many regions of 

the prefrontal cortex. This particular facet of executive function is last in development (Best & 

Miller, 2010). 

Measurement Considerations: Children Versus Adults  

Measurement of psychological phenomena and evolution in our understanding of brain-

behavior relationships typically follow a top-down process where adult functioning serves as the 

initial template and research works backwards to map adult functioning to child development. 

Hypotheses and theoretical models may later be abandoned or rendered defunct when tested with 

children, as “brain-behavior rules associated with adults will not necessarily apply” (Baron, 

2018, p. 22). Within the study of executive functions and their measurement, heavy focus was 

given to adult populations historically (Hughes & Graham, 2002). Standard executive function 
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tasks for adults are designed to be quite difficult, rendering them wholly inappropriate for use 

with children; it was not until the late 90’s that developmentally appropriate tasks had been 

designed for use in child populations (Hughes & Graham, 2002). Partially, this is also due to 

dramatic differences in interpretation of performance within clinical populations. Where adults 

can demonstrate greater recovery after diseases or illnesses that affect cognition, similar 

biological dysfunctions in children can result in immediate, severe, and long-lasting effects (Liu 

& Lewis, 2014). Alternatively, for adults the recovery from traumatic brain injuries is highly 

limited, but in children it is less restricted due to their neural plasticity (Figaji, 2017). Ultimately, 

recovery from insults to the developing brain is dependent upon the effect an injury has upon 

ongoing brain development, which is why toxins, metabolic dysfunctions, or hypoxia are much 

more damaging to children and harder to recover from (Lanphear, 2015). 

The unique properties of the developing brain also highlight the importance of 

delineating deficits from delays within child populations. Deficits are defined as a barrier to 

cognitive processes and delays are a significant lag in development when compared to 

standardized milestones (Choo et al., 2019; Y. Wang et al., 2018). However, developmental 

milestones for cognitive performance demonstrate greater variance in children than in 

standardized adult norms for psychological measurement; children who have poor performance 

of a skill or cognitive domain may “catch-up” with their peers over time (Leroy et al., 2020). The 

difference between a deficit and a delay has important diagnostic and prognostic implications for 

children, particularly in recommendations for treatment. In the case of children diagnosed with 

ADHD or ASD, deficits in cognitive flexibility and response inhibition are more likely than 

delays (Craig et al., 2016). In the case of children exposed to maltreatment, impairment in 

executive functions may be a delay or it may be a deficit. The body of research examining 
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maltreated child populations has found mixed evidence for both, which is presented in further 

detail later. Among maltreated child populations, there are few in-depth examinations of 

executive functions, but of those few there are strong implications for impairment. 

Studies of Executive Functioning and Child Maltreatment  

Of studies that examine both maltreatment in pediatric populations and executive 

functions, a small handful stand apart as having comprehensive assessment in measurement and 

thorough investigation of maltreatment variables. Summaries of each study among this subset are 

presented here. 

Mezzacappa, Kindlon, and Earls (2001) compared a population of school-aged males 

with a substantiated history of maltreatment (N = 25) to healthy controls (N = 48). The 

maltreated population attended a therapeutic school setting and the researchers selected a group 

of nonmaltreated males (N = 52) who attended the same school setting for use as an additional 

comparison to control for the presence of comparable levels of emotional and behavioral 

symptoms. This research utilized two measures of inhibition, one to inhibit an ongoing task (The 

Stop Signal task), and another to inhibit the impulse to act (The Passive Avoidance Learning 

task). Results demonstrated that both maltreated and nonmaltreated groups within the therapeutic 

school performed poorly on inhibition tasks as compared to healthy controls. However, those 

with a history of maltreatment demonstrated greater difficulty at later ages as compared to the 

nonmaltreated therapeutic school control. The researchers suggest the experience of 

maltreatment may negatively impact expected developmental progression in certain executive 

functions. 

Spann and colleagues (2012) examined cognitive flexibility in a population of 

adolescents with a reported history of childhood maltreatment (N = 30) as compared to healthy 
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norms. Participants were selected after screening for the presence of a current psychiatric 

disorder, family history of disorders, and for any deficits in intellectual ability to remove 

potentially confounding variables. Measures to identify specific variables of maltreatment were 

used as well as the Wisconsin Card Sorting Test (WCST; Heaton & Psychological Assessment 

Resources Inc., 1993). Results found that maltreated children demonstrated poorer cognitive 

flexibility and that children who experienced neglect had a greater tendency to perform 

perseverative errors than those who primarily experienced other subtypes of maltreatment. 

De Bellis, Woolley, and Hooper (2013) administered comprehensive neuropsychological 

testing to a population of maltreated youth without PTSD (N = 38), a group with a history of 

maltreatment and current diagnosis of PTSD (N = 60), and healthy controls (N = 104). Measures 

included IQ, attention, fine motor skill, language, visuospatial, memory and learning, academic 

achievement, and executive function. Measures specific to executive functioning included tests 

of inhibition, working memory, and cognitive flexibility. The researchers also investigated types 

of maltreatment and severity of maltreatment as compared to performance across subtests and 

domains of neuropsychological functioning. Their results demonstrated no significant differences 

in specific executive functions for either maltreated groups. However, the Rey-Osterrieth 

Complex Figure (Copy Condition; RCFT) was utilized in their study as a measure of visual-

spatial ability and demonstrated the greatest significant deviation in performance in the 

maltreated PTSD group compared to maltreatment only group and the control group. In their 

discussion, they acknowledge that the RCFT has many components of executive functions that 

may be influenced by maltreatment though the authors attribute maltreatment as having a 

primary influence on visual-spatial abilities. 
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Kirke-Smith, Henry, and Messer (2014) age-matched a group of adolescents with a 

history of maltreatment (N = 40) to a comparison control group (N = 40), while controlling for 

IQ in their analyses, with a specific focus of examining executive functioning deficits. 

Additionally, the authors included a measure of emotional and behavior difficulties to explore 

whether the variance in executive measures was eliminated if controlled statistically. Executive 

function measures included verbal working memory, nonverbal working memory, verbal 

cognitive flexibility, nonverbal cognitive flexibility, verbal inhibition, and nonverbal inhibition. 

A particular strength of this study is the distinction between verbal and nonverbal forms of 

executive functions. Results found maltreated individuals performed worse on both verbal and 

nonverbal measures of working memory, fluency, and inhibition. Specifically, task-switching 

was a flexibility measure that appeared intact in maltreated groups. After controlling for variance 

associated with emotional and behavioral difficulties, group differences in working memory 

were removed while tests of inhibition and fluency were unaffected. The authors suggest this is 

evidence that the experience of maltreatment impacts executive functions of inhibition and 

cognitive flexibility above and beyond behavioral/emotional symptomology. 

Vasilevski and Tucker (2016) conducted a comprehensive assessment of maltreated 

adolescents (N = 39) as compared to controls (N = 49). Measures included intellectual ability, 

verbal memory and learning, working memory, processing speed, visuospatial reasoning, 

language, and a variety of executive function measures. Executive function measures included 

inhibition, and cognitive flexibility. Working memory measures were not formally included 

among the categorization of executive functions. Results found that maltreated children 

demonstrated significant difference in memory and learning, visuospatial skills, processing 
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speed, working memory, and executive functioning (both inhibition and cognitive flexibility) as 

compared to healthy controls.  

Summary of Literature and Implications  

This collection of findings largely suggests that weaker executive functions are linked to 

childhood maltreatment, though the strength of the relationship ranges among these studies from 

negligible to substantial. Among the three core executive functions, inhibition appears to be the 

most affected by maltreatment, with cognitive flexibility (specifically a tendency towards 

perseverations) a close second. There is some evidence that working memory is also negatively 

affected by childhood maltreatment, but working memory is inconsistently included as a domain 

of measurement among earlier executive functions research, and thus also has less evidence 

either to support or refute its association with maltreatment. All of the reviewed studies 

controlled for intellectual ability, which does not appear associated with changes in executive 

functions as a result of maltreatment. When controlling for PTSD, other psychiatric diagnoses, 

and behavioral/emotional symptoms that may interfere with overall functioning, the variance 

produced by the interaction of maltreatment and executive functioning performance appears 

unchanged.  

How Maltreatment Impacts Executive Functions 

Psychological stress, either to real or imagined threats, results in biological stress 

responses through the autonomic nervous system, which in turn activates the hypothalamic-

pituitary-adrenal (HPA) axis (Lane et al., 2009). When functioning correctly, the HPA axis can 

be triggered by a number of stressors: (a) physical injury, (b) social stimuli, and (c) threats that 

range from physical to emotional or psychological in nature (Van Voorhees & Scarpa, 2004).  

Hypothalamic-Pituitary-Adrenal Axis Review 
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When humans are faced with a real or imagined threat the prefrontal cortex (indirectly) 

and amygdala (directly) instruct the hypothalamus to initiate a neuroendocrine response to stress. 

Sensitivity of the amygdala varies from person to person, and if an individual has an amygdala 

with a greater sensitivity to perceived threats the prefrontal cortex is able to exert an inhibitory 

effect when appropriate or necessary; this relates directly to inhibitory control within executive 

functions (Babaev et al., 2018). The hypothalamus then releases a substance called corticotropin-

releasing hormone (CRH) that stimulates the anterior pituitary to release adrenocorticotropic 

hormones (ACTHs). This is the chemical that stimulates the production of cortisol by the adrenal 

glands. Cortisol has a number of functions throughout the human body including regulating 

metabolism, anti-inflammatory properties, regulation of electrolytes, influencing blood pressure, 

and immunosuppression. Healthy fluctuations of cortisol wax and wane throughout the day, but 

when the concentration of cortisol circulating throughout the body is high for prolonged periods 

of time a slow cascade of deleterious effects is created that accumulates and compounds over 

time. The effects of dysregulated HPA-axis functioning are one facet of what is known as an 

“allostatic load” (McEwen & Stellar, 1993).  

Classifications of Stress  

The National Scientific Council on the Developing Child (2014) defined three 

classifications of stress which include: (a) positive stress, (b) tolerable stress, and (c) toxic stress. 

Positive stress refers to normal adaptations, such as public speaking or navigating low level 

conflict with peers. These conditions activate mild stress responses, and although they are 

frequent these events last for only a few seconds to a few minutes at a time. Positive stress 

experiences typically have beneficial or neutral effects on cognition and are associated with 

synaptogenesis (McEwen, 2007). 
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Tolerable stress involves lengthier activations of stress that are moderate in intensity. 

This stress condition has the potential for negative impacts on cognition, but so long as they are 

infrequent and allow time for recovery, these experiences can be either neutral or have smaller 

beneficial impacts on cognition later on. An example might be the death of a loved one or a 

large, difficult transition such as moving to a new state.  

Conditions of toxic stress are defined as “strong, frequent, and prolonged activation of 

the body’s stress response system” and examples given are for cases of maltreatment (National 

Scientific Council on the Developing Child, 2005/2014, p.2). For children, conditions of 

“perceived uncontrollability and unpredictability have been found to be powerful activators of 

the HPA system,” but these effects can be mediated by appropriate caregiver behaviors (Van 

Voorhees & Scarpa, 2004, p. 338).  

Brain Development Under Conditions of Toxic Stress  

 Conditions of toxic stress appear to be the most damaging to the developing brain, versus 

a fully formed adult brain, and can result in neuroendocrine dysfunction that has profound effects 

on brain development as a whole (Johnson et al., 2013). When physically, emotionally, or 

cognitively stressed, the prefrontal cortex and its associated executive functions are among the 

first to decline. Reasoning and problem solving are harder, forgetfulness increases because 

executive attention is weak and working memory is low, and discipline or self-control is difficult 

to engage (Diamond, 2013); this is true for both children and adults.  

Several studies have examined the production of cortisol and baseline levels of cortisol 

levels in maltreated children (of all types of maltreatment) as compared to healthy controls. The 

summary of these findings is that: (a) maltreated children (of all types of maltreatment) 

demonstrate higher baseline cortisol levels in conditions without stress and after removal from 
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environments of maltreatment, and (b) maltreated children of commission maltreatment types 

demonstrate a heightened response to stressful events over time (De Bellis et al., 1994, 1999; 

Hart et al., 1995, 1996).  

In a follow up study, Ciccheti and Rogosh (2002) found significant differences among 

maltreatment groups organized by type of maltreatment (physical, sexual, neglect, and a group of 

combined maltreatments). Children who had experienced the most pervasive maltreatment (those 

in the combined group), exhibited the highest baseline levels of cortisol, with the sexual abuse 

group demonstrating the second highest. Children who had suffered physical abuse demonstrated 

the lowest cortisol production, lower even than the control group.  

Van Voorhees and Scarpa (2004) note that these findings are consistent with other 

research examining cortisol levels in children who exhibit highly aggressive behavior 

(McBurnett et al., 1996, 2000; Pajer et al., 2001). Enlargement of the adrenal cortex, 

overactivation of the HPA axis overall, and negative feedback to the pituitary under conditions 

of chronic stress have all been implicated as structural mechanisms that are altered by pervasive 

maltreatment in childhood (Van Voorhees & Scarpa, 2004). Ciccheti and Rogosh (2002) add that 

it is unknown if HPA axis dysregulations developed in childhood are permanent or reversible. 

Other research (described later) suggests that while functioning of the HPA axis may return to 

premorbid functioning, it is left brittle and especially vulnerable to future events of stress. 

HPA Activity and White Matter 

Sequelae of HPA axis dysfunction, aside from further disruption or damage to the HPA 

axis itself, include disruption to the development of white matter throughout the developing brain 

and maladaptive patterns of behavior in response to heightened stress. HPA axis dysfunction, 

specifically overproduction of cortisol, has been associated with decreased white matter density 
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in children exposed to all forms of maltreatment (Choi et al., 2009). Microstructure disruptions 

in white matter and increased tracts from the thalamus to the prefrontal cortex were found to be 

significant structural changes observed in a sample of maltreated females as compared to 

typically developing brains (Sheikh et al., 2014). Maladaptive behaviors in maltreated children 

that are associated with increased stress response are diffuse. Often these maladaptive behaviors 

were at one point in time, during the acute or chronic period of maltreatment, highly adaptive 

(Flaherty et al., 2010). Often these “problem behaviors” manifest as hypervigilance, extreme 

passivity, blunted emotional responses, or reactive aggressive responses when faced with stress-

provoking situations. Executive functions attempt to automatize efficient solutions that were 

found to be cognitively demanding in the past when activated by present stress. Therefore, both 

biology and behavior are simultaneously shaped to “optimize” survival and adaptation to 

extreme conditions of stress. Poorer performance demonstrated by maltreated children on 

measures of executive functions likely reflect both behavioral and biological adaptations that 

have become maladaptive. As Blair and Raver (2016) state:  

Patterns of neural activity in the brain are altered under conditions of stress, suggesting 

that experience-dependent neural and behavioral responses to stimulation will be 

progressively established over time, biasing the developing individual to be reactive and 

defensive, rather than to engage in reflective and approach-oriented responses to 

stimulation. (p. 3) 

Stress and Executive Function Performance  

 Kluwe-Schiavon and colleagues (2016) present a compelling suggestion that ultimately 

the purpose of executive functions is to solve immediate problems and generate predictions. 

They state that successful strategies to solve problems are generalized from the ability to 
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synthesize and organize environmental information. The argument presented by Kluwe-Schiavon 

and colleagues is that the executive function system requires some stress to function and instigate 

goal-oriented behaviors. When working optimally, executive functions allow for adaptations to 

ongoing behavior during a stressful event. They also require a sufficient amount of stress for 

motivation, balanced with a sufficient level of cognitive effort to effectively utilize working 

memory, inhibitory control, and cognitive flexibility, similar to the Yerkes-Dodson (1908) law 

that states peak cognitive arousal produces optimal performance and under- or overactivation of 

cognitive arousal produces poorer performance. This has been supported by neuroendocrine 

research demonstrating an inverted “U” pattern of performance in cortisol levels and tasks of 

cognitive performance (Lupien et al., 2007). 

Logically, executive functions will be performed differently given different levels of 

stress, both during the event and perhaps over time. Some research has demonstrated that events 

of acute stress impair cognitive flexibility and working memory, but the same event of acute 

stress enhanced response inhibition (Shields et al., 2016). Cortisol appears to have strong effects 

on working memory and inhibition functioning, both immediately and after a delay (Shields et 

al., 2016). Initially, cortisol impairs working memory and enhances inhibitory control, while 

prolonged administration of cortisol leads to enhanced working memory and impaired inhibitory 

control.  

Other research has found that the context of avoiding risk or obtaining rewards can alter 

the effect of stress on executive functions (Starcke & Brand, 2016). In situations where seeking a 

reward or taking a risk is disadvantageous, the findings imply a reliance on immediate and 

strongly reinforcing rewards in order for executive functions to be most effective. However, it 

was also found that high stress situations led to unsystematic decision-making and a failure of 
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executive functions globally. A 2012 study examined decision-making processes in maltreated 

children as compared to community controls (Weller & Fisher). The task asked children to make 

a decision with uncertain outcomes that involved increased risk and that were framed as a loss in 

one treatment condition and framed as a gain in another. Maltreated children demonstrated 

insensitivity to changes in the magnitude of outcomes for both conditions, but effects were much 

greater when framed as a loss, which resulted in excessive risk-taking despite them taking more 

time to make their decisions compared to the control group. The authors note that children who 

have experienced maltreatment may demonstrate a “hypersensitivity to real or imagined 

punishments” and that the weight of loss in decision-making has a high potential to promote 

behaviors with short-term gains, but that may have highly damaging impacts long-term (Weller 

& Fisher, 2013, p. 191). This idea is supported by neuroendocrine research that investigated 

cortisol levels in children with histories of maltreatment (Gunnar & Quevedo, 2008). Children 

who demonstrated HPA system dysregulation, specifically in regard to cortisol production, after 

experiencing conditions of prolonged neglect or abuse have an increased vulnerability to the 

development of PTSD or heightened sensitivity to stress-provoking events later in life. 

Effects of Commission Versus Omission Maltreatment  

Dysregulation of the HPA axis has been identified in children who experienced any of the 

types of maltreatment discussed (physical, sexual, emotion abuse and/or neglect). However, 

there are specific variables that may be more frequent in some types of maltreatment and 

potentially absent or infrequent in others, including witnessing domestic violence, malnutrition 

or medical neglect, and psychosocial deprivation. These additional variables would certainly 

contribute to conditions of toxic stress and activation of the stress response system but may also 

include uniquely negative impacts on child development.  
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Animal studies and human studies have shown malnutrition results in diffuse grey matter 

loss, with the greatest differences in the frontal, temporal, and parietal regions (Blair & Raver, 

2016; Noble et al., 2015). Even in infancy (6- to 9-months) reduced electrical activity has been 

recorded in the frontal cortex of malnourished children, where executive functions are largely 

localized (Tomalski et al., 2013). Another study examining prenatal malnutrition in animals 

suggests that set-shifting is highly impaired later in life due to decreased metabolic activity in 

subcortical regions of the frontal cortex associated with executive functions (McGaughy et al., 

2014). The findings reported in this animal study were observed to parallel findings in 

correlational research of child malnutrition. Malnutrition in infancy and childhood is associated 

with diffuse cognitive impairments and appears to include general obstruction of brain 

development as well as anatomical correlates of executive functions (Kar et al., 2008). 

McLaughlin, Sheridan, and Lambert (2014) have developed a conceptual model that 

differentiates types of childhood adversity into environments of low or high deprivation and 

environments of low or high threat. Deprivation refers to experiences of poverty, institutional 

rearing, or neglect. Threat here refers to witnessing domestic violence, exposure to community 

violence, physical victimization, or sexual victimization. 

Using this model, Lambert, King, Monahan, and McLaughlin (2017) investigated 

differences in executive function performance in maltreated children who had been exposed to 

deprivation or to violence. In their findings, children exposed to domestic violence demonstrated 

poorer “emotional inhibition” while “cognitive inhibition” was intact with the opposite profile 

for children exposed to deprivation.  Children who had endured environments of high threat, 

such as physical abuse, demonstrated poorer executive functioning when faced with emotionally 

salient stimuli. Children who had been exposed to situations of high deprivation (i.e., neglect) 
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had much poorer executive functions for nonemotional stimuli, but performed better than 

physically abused children when given emotional stimuli. In their discussion, they refer to 

psychosocial deprivation as a possible factor for general cognitive deficits in neglected children. 

Psychosocial deprivation is defined here as an absence of social and cognitive input from 

the environment. Accelerated and disjointed synaptic pruning have been found to occur if 

sensory processing is not sufficiently activated (O'Kusky, 1985). Deprivation of important 

psychosocial learning opportunities and stimulation, found in children who experience neglect, 

has been argued to lead to early overpruning, reductions in dendritic branching, and reductions in 

cortical thickness throughout the developing brain (McLaughlin et al., 2014; Sheridan & 

McLaughlin, 2014). Furthermore, the impairment of executive functions in psychosocially 

deprived children appears to have immediate and long-reaching effects later on, years after 

switching to psychosocially-enriched environments (McDermott et al., 2013). 

Summary of Study Purpose and Related Hypotheses 

Research examining the interaction of executive function performance and childhood 

maltreatment can provide tangible evidence that social-environmental variables are capable of 

producing damage or changes to brain structure equivalent to injury, illness, or 

neurodevelopmental disorders that are more commonly associated with the etiology of impaired 

cognition in children. Childhood maltreatment and its associated variables have been given 

objective categorization and operational definitions that allow researchers to parse maltreated 

children into distinct categories, such as conditions of deprivation versus threat. Biological 

mechanisms that account for dysfunction in executive systems have been evidenced in changes 

to white matter structure/development and dysregulation of the HPA axis. With existing 

measures of child executive functions, diagnostic utility might be enhanced by understanding 
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specific profiles of impairments produced by children as a function of type or severity of 

maltreatment experienced.  

The aims of the current research seek to further the understanding of brain-behavior 

relationships and how the influence of negative experiences or environments of toxic stress can 

disrupt executive function performance, which may reflect underlying disruption to the 

development of related neurological structures or white matter connectivity between related 

regions. Specifically, the current study explores relationships among childhood maltreatment and 

executive functioning measures. It is hypothesized that (a) this sample of maltreated children will 

demonstrate greater impairment across measures of executive functions than seen in samples of 

typical norms and (b) a hierarchical regression will demonstrate maltreatment variables (in utero 

exposure, acts of omission, or acts of omission) as significant predictors of executive function 

performance after controlling for intellectual functioning, symptom presentation, and diagnosis. 
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CHAPTER 3 

METHODOLOGY 

Participants 

Participant data were collected through retrospective chart reviews from children 

who underwent neuropsychological testing at a specialist facility within the University of 

Kansas School of Medicine from 2011-2019.  Children seen for neuropsychological 

evaluations at this specialty site were most frequently referred to obtain diagnostic clarity 

and to provide recommendations for treatment. Specific referral questions may have been 

for a medical concern, behavioral symptoms, or developmental deficits. Some children in 

the current sample were originally referred to investigate for specific deficits that were 

suspected to arise from experiences of maltreatment, while others were referred for other 

concerns and documentation regarding maltreatment was included in their medical chart and 

discussed during clinical interview (which was documented in the neuropsychological 

report). 

Collection of data for a comparison group was not feasible as the specialty clinic from 

which archival data were collected could not produce a comparison sample without further 

confounding conditions, such as a combination of severe medical or psychiatric diagnoses. Thus 

normative data for all measures was utilized to compare the current sample’s performance to that 

of typical, national populations. Such use of normative comparisons to research samples is an 

accepted, and often necessary, convention of both neuropsychological research and maltreatment 

research as they are often archival by nature. 

As indicated in the flowchart (see Figure 1), a total of 950 cases were screened for 

inclusion criteria, diagnostic confounds, and missing data. Inclusion criteria included the 
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following: (a) the child was aged 6:0 to 15:11 at the time of testing, (b) completion of all 

selected measures for their given age, and (c) documentation of maltreatment. The upper 

and lower age range inclusion criteria were determined due to age cut-offs for measurements 

used. The final sample was divided into two age groups, a child group and an adolescent 

group, which were determined by the specific age ranges for the measures used. 

Initial screening for age at the time of evaluation (6:0 to 15:11) excluded 164 cases 

that fell outside of the stated range. The number of cases with complete data fell below the 

minimum number of cases for the 6:0 to 9:11 age range; thus, the inclusion criteria were 

expanded to allow up to one missing measure among the selected measures for each age 

group. Missing values among data collected for test performance were evaluated to 

determine whether data were missing systematically. Pairwise deletion was utilized for 

analyses. 

Documentation of childhood maltreatment was labeled as primary or secondary in 

nature. The neuropsychological report, from which data were collected, was not counted as a 

source of maltreatment documentation. Primary documentation consisted of court 

documents, records from the Department of Children and Families, or any other formal legal 

reports/documentation that described any maltreatment that the child experienced (N = 59, 

67%). This was considered the most credible source of maltreatment data. Secondary 

documentation was available for the entire study sample (N = 88).  Secondary 

documentation consisted of medical records, birth records, progress notes, or any other 

formal reports/documentation from a professional source other than caregivers (physicians, 

therapists, case workers, etc.) that described any maltreatment that the child experienced. 

Seven cases were removed from the dataset as they lacked primary or secondary 
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documentation of maltreatment.  

Of the total cases that were determined to have confirmed experiences of childhood 

maltreatment, N = 78 featured one of the following potential confounds and were excluded: 

(a) moderate to profound intellectual disability, (b) phenylketonuria, (c) sickle cell disease, 

(d) genetic disorder, (e) epilepsy, (f) serious cardiac condition/heart defects, (g) history of 

stroke, (h) prior cancer treatment, and/or (i) if the report of environmental factors was 

deemed to be highly complex/potentially confounding.  

A total of 88 cases were retained after screening for inclusion criteria and after 

interrater reliability screening (see Procedures for further details). The majority of the 

retained sample was White (N = 58, 65.9%) and male (N = 49, 55.7%). Black individuals 

comprised the second highest proportion (N = 13, 14.8%), followed by those of mixed or 

multiple ethnicities (N = 9, 10.2%). 

The majority of the sample had a diagnosis of ADHD (N = 46, 52.3%). See Table 1 

for complete demographic data by total sample and for each age group. 

Measures 

 Measures included standardized and psychometrically sound assessment tools 

commonly used in pediatric neuropsychological assessments. Measures administered varied 

based on age of the child at the time of administration. Within each measure, multiple 

individual subtest and composite index scores were available. Psychometric details for each 

measure are provided in the Appendix. The BASC-2, BRIEF, and CVLT-C contain 

embedded validity measures, these are also described in the Appendix. Any measures whose 

validity scales suggested invalid responding were removed from the current data set. 

Behavior Assessment System for Children – Second edition (BASC-2) 
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The BASC-2 (Reynolds & Kamphaus, 2004) is a questionnaire with 150-160 items 

(forms differ according to the age of the child) in which primary caregivers provide ratings 

on a 4-point Likert-type scale for their child’s emotional and behavioral functioning. For the 

purposes of this study, the internalizing scale and externalizing scale were used as symptom 

controls in data analyses, with T-scores of 70 or more considered clinically significant in 

severity. This parent report was administered for all ages, 6:0 to 15:11. The specific scores 

collected include the T-scores for Externalizing Symptoms Index and Externalizing 

Symptoms Index.  

Behavior Rating Inventory of Executive Functioning (BRIEF)  

The BRIEF (Gioia et al., 2000) is an 86-item questionnaire that primary caregivers 

complete using a 3-point Likert-type scale regarding observations of their child’s executive 

functioning in day-to-day activities. T-scores 65 and above are considered to be clinically 

significant in severity. Parent ratings of executive functions were included as a collateral 

measure and to assess for differences in observed symptoms in home settings as compared to 

performance during the evaluation within a clinical setting. This parent report was 

administered for all ages, 6:0 to 15:11. The specific scores collected include the T-scores for 

the Inhibition, Shifting, and Working Memory scales. The Shifting scale is described as a 

measure of applied cognitive flexibility in home settings, where children demonstrate the 

ability to alter their approach as circumstances demand. Alternatively, children who 

demonstrate clinically significant deficits on the Shifting scale engage in rigid, inflexible, or 

perseverative behaviors in most activities or situations. 

California Verbal Learning Test – Children’s Version (CVLT-C) 

The CVLT-C (Delis et al., 1994) is a verbal learning and memory task designed for 
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child populations. Children are read a list of words and asked to repeat back as many as they 

can remember. This is repeated five times in succession, referred to as the “learning trials” or 

“Trials 1 to 5.” For the purposes of this study, aggregated performance on the learning trials 

was examined to reflect the strength of working memory.  More specifically, the average of 

the learning trials was collected and reported as standardized z-scores, with those z = -2.0 or 

below considered as impaired. This measure was administered to all ages, 6:0 to 15:11. 

Delis-Kaplan Executive Functioning System (D-KEFS) 

The D-KEFS (Delis et al., 2001) is a test battery comprised of multiple subtests. The 

present study utilized the Trail Making and Verbal Fluency subtests as visual and verbal 

measures of cognitive flexibility. The Color-Word Interference subtest was used as a measure 

of inhibitory control. Adolescents aged 10:0 to 15:11 were administered this measure. 

Performance is reported as scaled scores with a mean of 10 and standard deviation of 3. 

Scaled scores of 4 or below are considered impaired and correspond to a z-score of -2.0 or 

below. 

The Trail Making switching condition is a test of visual set shifting, in which 

individuals are given a large sheet of paper with letters and numbers scattered across the 

page. The task is to draw lines that connect a number to a letter, and then a letter to a number 

in ascending order as quickly as possible without making mistakes. This task includes 

practice conditions for each trial where individuals must demonstrate their understanding of 

the task instructions or it is discontinued. Specific scores collected include accuracy on the 

switching condition. 

The Verbal Fluency subtest includes tasks of semantic fluency, phonemic fluency, 

and verbal set shifting with six trials. Individuals are allotted 1 min for each trial. The first 
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three trials involve naming as many words as possible that begin with specific letters of the 

alphabet, with a different letter for each trial. The fourth and fifth trials involve naming as 

many things that belong to a broad category, with a different category for each trial. The final 

trial involves switching between two new and different categories. The number and type of 

response errors are also recorded for each trial. Specific scores collected include total correct 

on letter fluency, category fluency, and switching fluency as well as the number of set loss 

and repetition errors during switching fluency. 

Color-Word Interference is a test with four trials. The first and second trials are to 

measure speed of automatized responding for color naming and word reading abilities. The 

third trial utilizes the Stroop (1935) effect in which individuals must suppress automatized 

responses. The fourth trial requires individuals to switch between automatized responding 

and suppression of this response. Accuracy of responses are recorded for each trial. Specific 

scores collected include accuracy on the inhibition condition and accuracy on the switching 

condition. 

A Developmental NEuroPSYchologival Assessment – Second Edition (NEPSY-II) 

The NEPSY-II (Korkman et al., 2007a) is a test battery comprised of multiple 

subtests. The present study utilized the Inhibition subtest as a test of inhibitory control and 

the Word Generation subtest as a measure of verbal strategy and task maintenance reflective 

of cognitive flexibility. Performance is reported as scaled scores with a mean of 10 and 

standard deviation of 3. Scaled scores of 4 or below are considered impaired and correspond 

to a z-score of -2.0 or below. 

The Inhibition subtest is a test of inhibitory control in which children initially are 

given an automatized naming task.  The next trial requires children to say the opposite of 
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their automatized naming, and the final trial introduces a switching element where they must 

alternate between both opposite and automatized naming. This task includes practice 

conditions for each trial where children must demonstrate their understanding of the task 

instructions or it is discontinued. Specific scores collected include correct scores on the 

inhibition trial and switching trial, as well as the combined errors across both trials.  

Word Generation is a test of semantic and phonemic fluency with two trials each, in 

which children are allotted 1 min for each trial. The first and second trials involve naming as 

many things as possible that belong to a broad category, with a different category for each 

trial. The third and fourth trials involve naming as many words that start with a specific letter 

of the alphabet, with a different letter for each trial. Specific scores collected include total 

score on the semantic and letter trials. 

Weschler Intelligence Scale for Children – 4th & 5th Editions (WISC-IV & WISC-V)  

The WISC (Wechsler, 1949; Weschler, 2003; Weschler, 2014) is among the most 

widely used measures of intellectual ability for children and is composed of multiple subtests. 

Averages among subtests scores yield index scores that purportedly reflect a specific domain 

of cognitive ability. For the purposes of this study, the individual subtests that comprise 

Working Memory Index (WMI); Digit Span, Letter-Number Sequencing, and Picture Span; 

were collected as measures of this executive function.  Because working memory was a skill 

of interest in this patient population, the General Ability Index (GAI) was used as the primary 

measure of intellectual ability, as this index score is derived from only verbal, visual-spatial, 

and novel-problem solving indices and does not include working memory or processing 

speed subtests in its calculation. WISC performance for the GAI is reported using a standard 

score with a mean of 100 and a standard deviation of 15. Standard scores of 70 or below are 
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considered clinically impaired. Subtest performance uses scaled scores with a mean of 10 and 

standard deviation of 3. Scaled scores of 4 or below are considered impaired and correspond 

to a z-score of -2.0 or below. This measure was completed for all ages, 6:0 to 15:11. 

Procedures 

The primary clinician who conducted all the neuropsychological evaluations used in 

this study initiated the first screening of charts for age and maltreatment inclusion criteria. A 

list of direct identifiers created to correspond to an identification number for each case was 

stored on an encrypted and secured drive within the KU School of Medicine. Retained cases 

were de-identified and made accessible on that encrypted and secured network drive. Cases 

were further screened for diagnostic confounds and completed data.  

Information on demographics, documented history of maltreatment, diagnoses, and 

assessment scores were extracted from the medical chart and complied into an SPSS 

database for use in the analyses. Demographic information collected included: (a) age in 

years at the time of evaluation, (b) gender, (c) ethnicity, (d) handedness, (e) whether the 

child’s biological parents had contact or custody at the time of evaluation, (f) whether the 

child was adopted at the time of evaluation, and (g) whether the child’s current home setting 

was with biological parents or an alternative placement. Children aged 10:0 and older were 

assigned to the adolescent maltreatment group. Children aged 9:11 and below were assigned 

to the child maltreatment group. 

Formal diagnoses at the time of the evaluation was collected from the final 

neuropsychological report; all diagnoses were conferred by the primary clinician who is a 

licensed psychologist with board certification in clinical neuropsychology. Diagnoses of ADHD, 

intellectual disability, and PTSD were collected. A diagnosis of an “anxiety disorder” was coded 
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if children held a diagnosis of generalized anxiety disorder, separation anxiety, an adjustment 

disorder with anxiety, or anxiety not otherwise specified. A diagnosis of a “mood disorder” was 

coded if children were diagnosed with major depression, bipolar disorder, or an adjustment 

disorder with disturbance of mood. A diagnosis of a “behavior disorder” was coded if children 

were diagnosed with oppositional defiant disorder or conduct disorder. A diagnosis of a 

“neurocognitive disorder” was coded if children were diagnosed with a mild neurocognitive 

disorder, major neurocognitive disorder, or a neurodevelopmental disorder attributed to teratogen 

exposure. 

Information collected regarding maltreatment variables included: (a) the source of 

maltreatment information, (b) who perpetrated maltreatment, (c) whether an act of commission 

and/or omission was present, and the presence of (d) physical abuse, (e) sexual abuse, (f) 

psychological or emotional abuse, (g) malnourishment, (h) conditions of psychosocial 

deprivation, (i) poor or inadequate supervision by caregivers, (j) educational neglect/truancy, (k) 

medical neglect, (l) violence in the home or community environment, and/or (m) witnessing 

traumatic events happen to others. Medical or psychiatric information collected included: (a) any 

known medical illnesses/disorders/diagnoses, (b) any known psychological/psychiatric 

diagnoses, (c) any diagnoses given as a result of the most current neuropsychological evaluation, 

(d) whether in utero substance exposure was documented, and (e) if in utero exposure occurred, 

what substances were present. In utero exposure was defined as the documented use of alcohol, 

benzodiazepines, cocaine, marijuana, methamphetamine, opiates, or other/nonspecific substances 

during the gestational period of the child’s development. 

Maltreatment variables were collected by two independent clinicians for each case  

blinded to one another’s ratings until complete. Each variable was coded as present (1) or not 
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present (0) after clinicians independently reviewed the completed neuropsychological evaluation 

and accompanying documentation. These variables included all maltreatment variables and 

whether in utero substance exposure occurred. After ratings were completed for all cases, each 

variable rating for all cases was compared for agreement and disagreement. Cohen’s k was 

calculated for interrater reliability across 1680 separate ratings and was initially good (k =.68). 

Disagreements of two variables or more were reviewed by the primary clinician, whose 

determinations were accepted as the final decision. Interrater reliability across 1680 separate 

ratings increased to k = .98 after disagreements were resolved by the primary clinician. 

Data Analysis  

Descriptive Analyses  

Descriptive analyses were run to describe the current sample by demographics, 

maltreatment variables, parental contact, and placement outcomes. The total sample was first 

analyzed, followed by age, gender, ethnicity, and diagnosis. As the current sample was 

predominantly White, the remaining ethnic groups were condensed to allow for comparison. This 

group comprised children who are Black, Indigenous, and/or People of Color (BIPOC). A chi-

square test for independence was used to determine whether distributions of maltreatment 

characteristics, parental contact, and/or placement outcomes differed between groups as a 

function of age, gender, ethnicity, and diagnosis.  

First Hypothesis 

The first hypothesis of this study was that the sample of maltreated children would 

demonstrate greater impairment across measures of executive functions than seen in age-

stratified normative samples. To assess the first hypothesis, chi-squared tests were conducted to 
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compare the frequency distribution of impaired scores among the current sample to that expected 

among a normally distributed population.  

Second Hypothesis 

The second hypothesis of this study stated that maltreatment variables (in utero exposure, 

acts of omission, or acts of commission) would predict impaired performance of executive 

functions after controlling for intellectual functioning, symptom presentation, and diagnosis. 

 A four-stage hierarchical regression was conducted for each measure of interest. 

Predictor variables entered at each step of the regression are provided in Table 2. This yielded 22 

regression models.  However, because of the exploratory nature of this project, no corrections for 

experiment-wise error rate were made (Rothman, 1990). 

Secondary Analyses 

Secondary analyses were conducted to determine the sensitivity, specificity, and 

predictive values of maltreatment variables that were found to be significant predictors within 

the regression models.  
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CHAPTER 4  

RESULTS 

Descriptive Analyses 

Descriptive analyses were conducted to describe maltreatment variables and overall test 

performance among this sample. Given the exploratory scope of this study, these analyses 

provide a rich description of this maltreatment sample.   

Maltreatment Characteristics of Total Sample 

In summary, as seen in Table 3, there were no significant differences in maltreatment 

characteristics between children and adolescents apart from adolescents (47.9% vs 22.5%) 

experiencing significantly less supervision, X2 (1, N = 88) = 6.09, p = .014.   

Maltreatment Characteristics by Gender 

Proportions for all maltreatment variables by gender group are reported in Table 4.   

There were no statistically significant differences found between male and female samples.  

Maltreatment Characteristics by Ethnicity 

Types of maltreatment experienced by children who are white and those within the 

BIPOC group are reported in Table 5.  The only significant differences involved acts of 

commission versus omission. White children (62.1% vs. 40%) experienced significantly more 

maltreatment by commission, X2(1, N = 88) = 3.88, p = .049, whereas the BIPOC group (86.7% 

vs. 67.2%) experienced significantly more maltreatment by omission, X2(1, N = 88) = 3.86, p = 

.049.  

Maltreatment Characteristics by Diagnosis 

The distributions of maltreatment variables by diagnosis (ADHD, behavior, mood, 

intellectual disability, and neurocognitive disorders) are reported in Table 6.  Biological mothers 
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were most likely to be the perpetrators of maltreatment and to an equivalent degree across the 

five diagnostic subgroups.  The majority of children had been subjected to acts of omission 

which did not vary as a function of their diagnoses.  While only the majority of children 

diagnosed with ADHD (56.5%) had been subjected to maltreatment acts of commission, this 

proportion was not significantly higher than the rest.  The only significant differences in 

maltreatment characteristics as a function of diagnosis involved exposure to substances in utero. 

Children diagnosed with mood (66.7%) and neurocognitive disorders (85.7%) were significantly 

more likely than those in the other three subgroups to have experienced this type of 

maltreatment, X2(4, N = 123) = 9.99, p < .001. 

Relationship to Biological Parents, Adoption, and Placement by Gender 

The relationships of participants to biological and adoptive parents as well as placement 

outcome by gender are reported in Table 7.  No significant differences were found as the 

majority of both male (61.0%) and female (71.7%) children were more likely to be adopted than 

to have custody/contact with either biological parent.   

Relationship to Biological Parents, Adoption, and Placement by Ethnicity 

Also summarized in Table 7 are relationships to biological/adoptive parents and 

placement outcome by the ethnicity of participants.  BIPOC children were significantly less 

likely (13.3% vs. 44.8%) to be in the custody of or have contact with either biological parent  

compared to white children, X2(1, N = 88) = 8.72, p = .003, and more likely (66.7% vs. 41.4%) to 

be adopted by others, X2(1, N = 88) = 5.05, p = .025.  

First Hypothesis   

 Among neuropsychological assessments, a threshold of more than 1.5 standard deviation 

units below the performance mean of healthy populations is the most commonly accepted 
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indication of impaired function (Petersen, 2004). Due to the small size of the current sample, a 

more stringent threshold of 2 standard deviation units below the mean was adopted.  When 

comparing overall performance to the normal distribution of scores among a healthy population, 

only 2% of the total sample would be expected to fall 2 standard deviation below the mean. 

Frequency distributions of the number of individuals for the total sample meeting this benchmark 

for each measure of executive functions are presented in Tables 8 - 10.  For all measures of 

executive function, significantly more than 2% of this sample fell below 2 standard deviations.  

Overall Performance on Neuropsychological Testing  

 The proportion of impaired performance within the current sample was significantly 

greater than expected of a typical population across all measures of inhibitory control, working 

memory, and cognitive flexibility. 

Second Hypothesis 

A canonical correlation was originally planned as a method to identify relationships of 

significance between maltreatment variables, performance on measures of interest, and their 

relationship to other variables for the planned regression model. The current sample was found to 

not meet the necessary assumptions of power. As a canonical correlation was to be used to 

eliminate nonsignificant regressions, comprehensive hierarchical regressions were completed for 

all measures of interest. For each hierarchical multiple regression, relevant assumptions were 

tested. The assumptions of singularity and multicollinerarity were met. Residual and scatter plots 

were reviewed for assumptions of normality, linearity, and homoscedasticity; all were satisfied.  

Hierarchical Regression Model 

A four-stage hierarchical multiple regression was conducted for each measure of interest. 

See Table 2 for the specific predictors and the order by which they were entered into the models, 



 59 

a list of the predicted variables, and the tables in which the findings for each model are 

summarized. The null hypothesis for each regression was that at the final step, no maltreatment 

variables would be a significant predictor of poorer executive function performance.  For ease of 

interpretation, all predicted variables were positively keyed so that higher scores reflected 

enhanced performance.  Consequently, significant positive beta weights for GAI as a predictor 

variable would be supportive of the hypothesis.  By contrast, any significant beta weights for the 

remaining predictor variables, especially those involving types of maltreatment, were expected to 

be negative.  

Summary of Significant Findings 

 See Table 11 for a comprehensive summary of the overall findings. General Ability Index 

(GAI) was the most common and most powerful predictor of enhanced performance across tests 

of executive function. Internalizing symptoms was the second most common predictor 

(inversely) of performance. Externalizing symptoms was a significant inverse predictor for two 

indices of the BRIEF. Mood diagnoses were the only diagnostic variable found to be a 

significant predictor of impaired performance, but only on the CVLT-C. In utero exposure was 

the only maltreatment variable that was found to be a significant predictor of performance. On 

the BRIEF parent report measures of executive function symptoms, the presence of in utero 

exposure as expected was predictive of greater impairment as assessed by the working memory 

and shifting scales. Unexpectedly however, in utero exposure was also predictive, but of average 

or better executive function performance on the measures of NEPSY-II Category Fluency and 

CVLT-C Trials 1 to 5.  

Analysis of Inhibitory Control Measures 
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BRIEF Inhibition.  As seen in Table 12, GAI at Step 1 not contribute significantly to the 

regression model, F(1, 60) = .20, p = .651, and accounted for no variation in BRIEF Inhibition. 

Introducing parent reports of externalizing and internalizing symptoms at Step 2 accounted for 

an additional 48% of variation and this change in R2 was significant, F(2, 58) = 26.71, p < .001.  

Introducing comorbid diagnoses at Step 3 was not significant, F(3, 55) = .76, p = .518; nor were 

the inclusion of maltreatment variables at Step 4, F(3, 52) = .89, p = .451.  When all variables 

were included in Step 4, externalizing symptoms, however, were revealed to be a significant 

predictor of BRIEF Inhibition and accounted for 52% of unique variation in scores.  

NEPSY Inhibition Trial: Score. At Step 1 (see Table 13), GAI accounted for 32% of 

the variation in total score for the Inhibition condition of the NEPSY and contributed 

significantly to the regression model, F(1, 34) = 15.51, p <.001. At Step 2, parent reports of 

externalizing and internalizing symptoms were not a significant addition to the model, F(2, 32) = 

1.48, p = .243.  Likewise, comorbid diagnoses did not make a significant contribution to the 

model at Step 3, F(3, 29) = .72, p = .548, nor maltreatment variables at Step 4, F(3, 26) = 1.08, p 

= .374. When all variables were included in Step 4, GAI was revealed to be the only significant 

predictor of total score for the Inhibition condition of the NEPSY and accounted for 59% of 

unique variation in performance.  

NEPSY Inhibition Subtest Errors.  As indicated in Table 14, intellectual ability (GAI) 

at Step 1 was a significant contribution to the regression model, F(1, 28) = 10.09, p = .004, 

uniquely accounting for 27% of variation in accuracy on the Inhibition subtest of the NEPSY.  

The introduction of parent reports of externalizing and internalizing symptoms at Step 2, F(2, 26) 

= 1.05, p = .363; diagnoses at Step 3, F(3, 23) =.82, p = .495; and  maltreatment variables at Step 

4 also were all nonsignificant, F(3, 20) = .44, p = .726.  When all variables were included in Step 
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4, the model was not significant, and any significant predictors of performance were not 

interpreted. 

D-KEFS Color-Word: Inhibition Accuracy. See Table 15. In the first step of the 

regression, GAI significantly accounted for 17% of variation, F(1, 42) = 8.39, p = .006. In the 

second step, symptoms were not a significant contribution, F(2, 40) = 1.57, p = .221.  In the third 

step, diagnoses also were not a significant contribution, F(3, 37) = .30, p = .825. In the fourth 

and final step, maltreatment variables similarly were not a significant contribution, F(3, 34) = 

.22, p = .885.  When all variables were included in Step 4, the model was not significant and any 

significant predictors at this step were not interpreted.  

Summary of significant predictors for inhibitory control. The null hypothesis was 

accepted for all measures of inhibitory control, as no maltreatment variables were found to be 

significant predictors of performance. The regression model was significant at Step 4 for only 

two inhibitory control measures (see Table 11 for the summary of significant results). 

Externalizing symptoms reported by parents were a significant predictor of parent reports of 

inhibitory control and GAI was a significant predictor of NEPSY Inhibition Trial Score. 

Analysis of Working Memory Measures 

BRIEF Working Memory.  As displayed in Table 16, GAI at Step 1did not contribute 

significantly to the regression model, F(1, 60) = .00, p = .859. Introducing parent reports of 

externalizing and internalizing symptoms at Step 2 significantly accounted for an additional 18% 

of variation, F(2, 58) = 7.27, p = .002.  Introducing comorbid diagnoses at Step 3 was not 

significant, F(3, 55) = 1.41, p = .248.  However, at Step 4, maltreatment variables were 

introduced and significantly accounted for an additional 15% of variation, F(3, 52) = 4.48, p = 

.007.  When all variables were included in Step 4, there were two variables remaining as 
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significant predictors of BRIEF Working Memory, though externalizing symptoms were no 

longer significant. Internalizing symptoms accounted for 40% of unique variation, and in utero 

exposure also accounted for 36% of unique variation in scores. Higher internalizing symptoms 

and if the child had been exposed to substances in utero were predictive of parents reporting 

clinically significant symptoms of working memory deficits.  

CVLT-C Trials 1 to 5.  At Step 1, GAI as noted in Table 17, contributed significantly to 

the regression model by accounting for 6% of variance in total score for the Inhibition condition 

of the NEPSY, F(1, 82) = 5.37, p = .023.  The introduction of additional predictor variables at 

Step 2, F(2, 80) = .39, p = .677; Step 3, F(3, 77) = 2.20, p = .095; and at Step 4, F(3, 74) = 2.23, 

p = .092, were all nonsignificant. When all variables were included in Step 4, three were revealed 

to be significant predictors of CVLT-C performance on Trials 1 to 5. The most important 

predictor was mood disorders that accounted for 29% of unique variation. GAI accounted for 

27% of unique variation and in utero exposure accounted for 23%. As was expected, the 

presence of a mood disorder was predictive of performance that fell below the average range and 

higher intellectual ability was predictive of performance within the average range or better. 

Unexpectedly, exposure to substances in utero was predictive of performance that fell in the 

average range rather than impaired performance.  

Digit Span.  As seen in Table 18, in the first step of the regression, GAI made a 

significant contribution that accounted for 24% of variation, F(1, 80) = 25.62, p <.001.  No 

additional variables introduced during Steps 2, F(2, 78) = .32, p = .725;  3, F(3, 75) = 2.48, p = 

.067; and 4, F(3, 72) = .22, p = .885, made significant contributions to the model. When all 

variables were included in Step 4, GAI was the only significant predictor of Digit Span 

performance and accounted for 42% of unique variation in performance.  
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Letter-Number Sequencing. See Table 19. At Step 1, GAI contributed significantly to 

the regression model, F(1, 41) = 11.21, p = .002, in accounting for 22% of the variation in letter-

number sequencing performance. Introducing parent reports of externalizing and internalizing 

symptoms at Step 2, F(2, 39) = .37, p = .692;  comorbid diagnoses at Step 3, F(3, 36) = 1.73, p = 

.179;  and maltreatment variables at Step 4, F(3, 33) = 1.69, p = .189, failed to make significant 

contributions to the model.  When all variables were included in Step 4, GAI was the only 

significant predictor of letter-number sequencing performance and accounted for 47% of unique 

variation in performance.  

Picture Span. As indicated in Table 20, GAI accounted for 44% of the variation in total 

scores and contributed significantly to the regression model at Step 1, F(1, 36) = 28.00, p <.001. 

None of the additional predictor variables made significant contributions at Step 2, F(2, 34) = 

.02, p = .976; Step 3,  F(3, 31) = .20, p = .894; or at Step 4, F(3, 31) = .62, p = .610. When all 

variables were included in Step 4, GAI was the only significant predictor of Picture Span 

performance and accounted for 61% of unique variation in performance.  

Summary of significant predictors for working memory. In utero exposure was the 

only maltreatment variable found to be a significant predictor of working memory as measured 

by the BRIEF parent report of working memory symptoms and combined CVLT-C performance 

across initial learning trials 1 to 5. However, as will be addressed in greater detail within the 

Discussion, the direction of in utero exposure’s relationship to CVLT-C performance was in 

opposition to the hypothesized relationship.  Accordingly, the null hypothesis was accepted and 

rejected only for the BRIEF parent report of working memory symptoms. The null hypothesis 

was accepted for all remaining measures of inhibitory control as no maltreatment variables were 

found to be significant predictors of performance. The regression model was significant at Step 4 
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for all working memory measures (see Table 11 for a summary of significant results). Apart from 

in utero exposure, GAI and internalizing symptoms were also found to be significant predictors 

of working memory performance. GAI was the most significant predictor across nearly all 

working memory subtests, particularly those measured by the WISC, except for BRIEF Working 

Memory. Internalizing symptoms were the most significant predictor of BRIEF Working 

Memory. Shared methodology (i.e., GAI is derived from WISC subtests; Internalizing symptoms 

and BRIEF Parent Report both derived from parent ratings) may account for this finding.  

Analysis of Cognitive Flexibility Measures 

BRIEF Shifting.  As seen in Table 21, intellectual ability (GAI) at Step 1was not a 

significant contribution to the regression model, F(1, 60) = .21, p = .647. At Step 2, parent 

reports of externalizing and internalizing symptoms accounted for 22% of additional variation 

that contributed significantly to the model, F(2, 58) = 10.83, p < .001. The addition of diagnoses 

as predictor variables at Step 3, however, was not a significant contribution to the model, F(3, 

55) = .51, p = .675. Similarly, maltreatment variables also were not a significant contribution, 

F(3, 52) = 1.84, p = .152. When all variables were included in Step 4, internalizing symptoms 

were the most significant predictor of BRIEF Shifting in accounting for 32% of unique variation 

in scores.  Externalizing symptoms were also found to be a significant predictor that accounted 

for 27% of unique variance. In utero exposure was the only significant maltreatment predictor 

and it accounted for 26% of unique variation in scores. As was expected, the presence of 

clinically significant externalizing and internalizing symptoms, as reported by parents, was 

predictive of parents also endorsing clinically significant symptoms of deficits in cognitive 

flexibility. Also as anticipated, substance exposure in utero was also predictive of stronger 

ratings by parents of poor cognitive flexibility. 
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NEPSY Switching Trial: Score.  As displayed in Table 22, GAI in the first step of the 

regression model made a significant contribution and accounted for 19% of variation, F(1, 20) = 

4.53, p = .046.  Symptoms at Step 2, F(2, 18) = .78, p = .474, and diagnoses at Step 3, F(3, 15) = 

2.07, p = .147, both failed to make significant contributions to the model.  In the fourth and final 

step, maltreatment variables also were not a significant contribution, F(3, 12) = .19, p = .905. 

When all variables were included in Step 4, the model was not significant, and any significant 

predictors of performance were not interpreted.  

NEPSY Category Fluency.   At Step 1 (see Table 23), GAI contributed significantly to 

the regression model, F(1, 35) = 18.61, p <.001, by accounting for 34% of the variation in 

semantic fluency on the NEPSY. Introducing parent reports of externalizing and internalizing 

symptoms at Step 2 was not significant, F(2, 33) = .17, p = .844, as was also the case with 

adding comorbid diagnoses at Step 3, F(3, 30) = .52, p = .672, and maltreatment variables at Step 

4, F(3, 27) = 2.11, p = .123.  When all variables were included in Step 4, GAI was the most 

significant predictor of semantic fluency on the NEPSY that accounted for 55% of unique 

variation in performance. In utero exposure was also a significant predictor and accounted for 

33% of unique variation. As was expected, intellectual ability was the strongest predictor of 

performance and higher intellectual ability was predictive of performance that fell in the average 

range. Unexpectedly, exposure to substances in utero was predictive of performance that fell 

within the average range.   

NEPSY Letter Fluency. As seen in Table 24, at Step 1, GAI accounted for 30% of the 

variation in total scores in contributing significantly to the regression model, F(1, 30) = 13.0, p = 

.001.  At Step 2, parent reports of externalizing and internalizing symptoms were not a 

significant addition to the model, F (2, 28) = .77, p = .474, as was also the case in adding 
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comorbid diagnoses at Step 3, F(3, 25) = .43, p = .740.  At Step 4, maltreatment variables also 

were not a significant addition to the model, F(3, 22) = 1.14, p = .356, accounting for only an 

additional 9% of variation. When all variables were included in Step 4, the model was not 

significant, and any significant predictors of performance were not interpreted. 

D-KEFS Trails: Switching Accuracy.  As indicated in Table 25, none of the steps 

within the regression model resulted in a significant increase in variability accounted for within 

this predicted variable. 

D-KEFS Semantic Fluency. In the first step of the regression, GAI made a significant 

contribution and accounted for 23% of variation, F(1, 43) = 12.70, p = .001.  However, because 

as seen in Table 26, none of the remaining three steps significantly added to the model, any 

significant predictors of performance were not interpreted following Step 4.  

D-KEFS Phonemic Fluency.  As displayed in Table 27, GAI at Step 1contributed 

significantly to the regression model, F(1, 43) = 11.93, p = .001, and accounted for 21% of the 

variation in D-KEFS phonemic fluency. No additional contributions were revealed with the 

remaining predictor variables. When all variables were included in Step 4, the model was not 

significant, and any significant predictors of performance were not interpreted.  

D-KEFS Verbal Fluency Switching Correct Responses. At Step 1, GAI accounted for 

19% of the variation in total score and contributed significantly to the regression model, F (1, 43) 

= 9.95, p = .003. However, because as seen in Table 28, the remaining three steps did not 

significantly add to the model, any significant predictors of performance were not interpreted 

following Step 4.  
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D-KEFS Verbal Fluency Switching Accuracy. As indicated in Table 29, none of the 

steps within the regression model resulted in a significant increase in variability accounted for 

within this predicted variable. 

D-KEFS Verbal Fluency Repetition Errors. As displayed in Table 30, none of the 

steps within the regression model resulted in a significant increase in variability accounted for 

within this predicted variable. 

D-KEFS Verbal Fluency Set Loss Errors. As denoted in Table 31, none of the steps 

within the regression model resulted in a significant increase in variability accounted for within 

this predicted variable. 

D-KEFS Color-Word: Switching Accuracy. As seen in Table 32, none of the steps 

within the regression model resulted in a significant increase in variability accounted for within 

this predicted variable. 

Summary of significant predictors for cognitive flexibility. In utero exposure was the 

only maltreatment variable found to be a significant predictor of cognitive flexibility as 

measured by the BRIEF parent reports of shifting symptoms and NEPSY Category Fluency. 

Again, the direction of in utero exposure’s relationship to NEPSY Category Fluency 

performance was in opposition to the hypothesized relationship. The null hypothesis was 

therefore accepted and rejected only for the BRIEF parent report of shifting symptoms. The 

regression model was significant at Step 4 for only these two cognitive flexibility measures. The 

null hypothesis was accepted for all remaining measures of cognitive flexibility, as no 

maltreatment variables were found to be significant predictors of performance (see Table 11 for a 

summary of significant results). GAI, in addition to externalizing and internalizing symptoms, 

were also found to be significant predictors of cognitive flexibility. GAI was the most significant 
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predictor for NEPSY Category Fluency performance. Internalizing symptoms and externalizing 

symptoms were found to be significant predictors of shifting symptoms as measured by the 

BRIEF. 

Secondary Analyses of Second Hypothesis 

In utero exposure was identified as the only maltreatment variable that predicted variation 

in scores. As expected, in utero exposure was predictive of higher ratings of impairment for both 

cognitive flexibility and working memory symptoms as reported by parents on the BRIEF. 

However, in utero exposure was predictive of better performance on direct measures of the 

CVLT-C Trials 1 to 5 and NEPSY Category Fluency, which is contrary to the hypothesized 

relationship between maltreatment and executive functions. The specific measures that bore 

significant results were BRIEF Working Memory, CVLT-C Trials 1 to 5, BRIEF Shifting, and 

NEPSY Category Fluency. For each measure, secondary analyses of specificity and sensitivity 

were conducted to assess the predictive accuracy and strength of in utero exposure on 

performance/ratings. 

BRIEF Working Memory: Sensitivity, Specificity, and Predictive Values.  As 

reflected in Table 33, in utero exposure demonstrated high sensitivity (.92) and weak specificity 

(.37) to poor working memory ratings, with moderate positive predictive value (.63) and 

moderate negative predictive value (.79) of ratings of 1.5 deviations or more below the mean.  

BRIEF Shifting: Sensitivity, Specificity, and Predictive Values.  In utero exposure as 

seen in Table 34 demonstrated moderate sensitivity (.73) and weaker specificity (.48) to poor 

cognitive flexibility, with moderate positive predictive value (.64) and moderate negative 

predictive value (.58) of ratings 1.5 deviations or more below the mean.  
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CVLT-C Trials 1 to 5: Sensitivity, Specificity, and Predictive Values.  As displayed in 

Table 35, in utero exposure demonstrated sufficient sensitivity (.80) and weak specificity (.31) to 

stronger working memory and learning, with modest positive predictive value (.59) and negative 

predictive value (.55) of performance that is average or better.  

NEPSY Category Fluency: Sensitivity, Specificity, and Predictive Values.  As 

summarized in Table 36, in utero exposure demonstrated moderate sensitivity (.75) and minimal 

specificity (.21) to cognitive flexibility performance that is average or better, with modest 

positive predictive value (.50) and weak negative predictive value (.44).  
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CHAPTER 5 

DISCUSSION 

The purpose of this study was to explore the relationship between child maltreatment and 

executive function. Executive function performances among a clinical sample of maltreated 

children were analyzed. The overall performance for each measure was assessed, specifically for 

the proportion of children who performed within an impaired range. This proportion was 

compared to expectations of performance within a normal distribution of scores. The sample 

predictably demonstrated a greater proportion of impaired performance than would be expected 

in a normative sample. 

The type of maltreatment was examined for the ability to predict performance on 

measures of executive function. Variance related to general intellectual ability, parent reports of 

symptoms, and diagnoses were first removed, and maltreatment variables were analyzed within 

the remaining variance in performance. Prenatal substance exposure was the only maltreatment 

type that was found to be a significant predictor of executive function performance, and among 

only four measures. The relationship of prenatal substance exposure was as hypothesized for two 

scales of the BRIEF parent report, with the presence of in utero exposure predictive of higher or 

clinically significant reports of symptoms. By contrast, for two direct measures, one in working 

memory and one in cognitive flexibility, in utero exposure unexpectedly was predictive of 

average performance rather than impaired performance.  As in utero exposure was the only 

predictive maltreatment variable, specificity and sensitivity in predictive value were calculated. 

Demographic and Clinical Factors Related to Maltreatment 

Descriptive analyses were conducted to provide greater context and a richer description 

of the maltreated sample used in this study. The characteristics of maltreatment for the total 
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sample were higher for perpetration of acts of omission than for acts of commission, which is 

consistent with national statistics of child maltreatment. However, among acts of commission, 

the proportion of the sample that experienced physical abuse, sexual abuse, and 

emotional/psychological abuse was higher than reported in national statistics. Additionally, 

children in this sample experienced at least three types of maltreatment on average, whereas only 

15% of the 677,529 cases reported in 2018 experienced two or more types of maltreatment (U.S. 

Department of Health & Human Services et al., 2020). This suggests that the current sample 

represents a portion of the maltreated population that has suffered the most severe conditions of 

maltreatment. The racial/ethnic representation and gender ratio of the current sample was 

comparable to prevalence statistics reported for the state of Kansas (U.S. Department of Health 

& Human Services, et al., 2020). Yet, the current sample deviates from national prevalence 

statistics regarding perpetration (U.S. Department of Health & Human Services et al., 2020). The 

majority of perpetration was conducted by biological parents, which is consistent with national 

estimates (U.S. Department of Health & Human Services et al., 2020), but perpetration by other 

caregivers or noncaregivers within this sample was more frequent. Among the total sample, the 

single most common form of maltreatment was psychosocial deprivation, followed by sexual 

abuse and insufficient supervision.  

Little or limited research has examined the etiology or prevalence of psychosocial 

deprivation. Avdibegović and Brkić (2020) summarized three current theories of general neglect 

(i.e., maltreatment acts of omission): (a) the parental deficit model states that the primary causal 

factor of neglect is parental characteristics, (b) the environmental deficit model states that the 

primary cause of child neglect is material deprivation, and (c) in the ecological-transactional 

model, it is the interaction of family characteristics and environmental factors that are the 
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primary cause of neglect. The combined prevalence of psychosocial deprivation, sexual abuse, 

and insufficient supervision may be best explained by the ecological-transactional model. Many 

of the children in this sample were removed from impoverished, single-parent caregivers for 

whom environmental stressors were likely significant and their ability to cope with and adapt to 

their stressors may have been limited. Within a single-parent household, caregiving burden is 

concentrated, reliance on childcare is greater, and one’s economic stability is limited to a single 

income (Avdibegović & Brkić, 2020).  

Prior research completed by Finkelhor (1984) found the most important barriers to child 

sexual abuse include parental supervision and a strong parent-child relationship. According to 

Cohen and Felson (1979), sexual predators benefit from and exploit instances in which a lack of 

caregiver supervision is present. Filkelhor (1984) also found common risk factors among 

children who were victims of sexual abuse. Often these children have experienced emotional 

deprivation, a lack of support, and generally poor relationships with caregivers which leave them 

emotionally insecure and more vulnerable to emotional manipulation and grooming efforts. 

Additionally, sole caregivers in single parent households may find it very difficult to refuse 

offers of free childcare, due to the financial and emotional burdens they carry, which sexual 

predators may use as an avenue to gain access to child victims. 

Maltreatment Characteristics by Age  

Older children and adolescents featured higher proportions of omission maltreatment, 

commission maltreatment, a greater number of experienced total maltreatment types, and a 

higher number of perpetrators. This is consistent with findings that children who experience 

earlier maltreatment are more likely to experience it repeatedly as they age (Font & Berger, 

2014). The group of older children and adolescents in this sample qualitatively experienced more 
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pervasive conditions of maltreatment that went undiscovered and did not receive intervention 

until they had reached middle to late childhood.  

Maltreatment Characteristics by Gender 

Male children were more likely to be abused by their fathers and/or other caregivers, such 

as romantic partners of biological parents or relatives acting as caregivers (i.e., aunts, uncles, 

grandparents). Males demonstrated higher frequencies of victimization across almost all types of 

maltreatment in addition to experiencing a greater number of forms of total maltreatment. 

Female children were more likely to be abused by noncaregivers, such as older peers or relatives 

who do not act as caregivers. Male children were also more likely to be diagnosed with a 

behavioral disorder, ADHD, ASD, or intellectual disability compared to female children, results 

consistent with findings that children with a disability/diagnosis are at greater risk of being 

maltreated (Ammerman et al., 2000; Hershkowitz et al., 2007; Jaudes & Mackey-Bilaver, 2008).  

Maltreatment Characteristics by Ethnicity 

A compelling finding of this study is the difference in maltreatment type by ethnicity. 

Overwhelmingly, white children were more frequently exposed to acts of commission and to 

prenatal substance exposure, whereas BIPOC children were more frequently exposed to acts of 

omission and a greater number of combined maltreatment types on average. This split by 

ethnicity has strong implications for future research and clinical practice. Particularly the 

intersection of race/ethnicity, financial inequality, and differential access to healthcare services 

as maltreatment by omission is not necessarily intentional or avoidable for impoverished 

families. Further research examining this intersection that may help guide prevention and 

treatment efforts for these children and their parents is a sorely needed addition to all disciplines 

who work with underserved families. 
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Maltreatment Characteristics by Diagnosis  

Children diagnosed with mood and neurocognitive disorders experienced significantly 

higher frequencies of prenatal substance exposure compared to those diagnosed with ADHD, 

behavior disorders, or intellectual disabilities. The effects of such exposure are particularly 

devastating during gestation in which developing brain structures are first grown neuron by 

neuron (Deoni et al., 2011). The first neurons sent to their respective brain structures are 

guideposts for subsequent neurons, and when this process is disrupted, the clear and orderly 

progression of brain development may develop abnormally or be halted altogether (Jauregui-

Huerta et al., 2010). Initial errors and abnormalities in infancy will accumulate as these children 

continue to grow and develop. 

Adoption, Placement, and Relationship to Biological Parents   

 Nearly half the total sample resided in a foster care placement at the time of the 

evaluation. Although likely an improvement in most aspects compared to the conditions they 

were removed from, McDermott and colleagues (2013) note that because children in foster care 

may continue to be in psychosocially-deprived environments, such settings may still limit 

children’s development and suppress their well-being. 

Fox and colleagues (2011) found that children who suffered from psychosocial 

deprivation related to institutional rearing and who were later placed into temporary adoptive 

homes displayed cognitive gains above and beyond peers who were not placed into such settings. 

These gains were related to the length of time that a child had stayed with their family and/or 

whether they were permanently adopted. Children who were placed into adoptive homes earlier 

also demonstrated greater stability in cognitive development gains over time. Johnson (2002) 

adds that long-term outcomes for children who had been previously raised in institutional 
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settings and were placed into adoptive homes have been overwhelmingly positive, with positive 

effects seen in cognitive recovery and the ability to form healthy attachments to adoptive 

caregivers. Johnson (2002) argues strongly against policies that promote family preservation at 

all costs, as adoption is a significant predictor of normal development in children who have been 

permanently separated from their birth parents. 

Children who have experienced prenatal drug exposure are less likely to be adopted in 

general or are more likely to be adopted by less educated and less financially stable households 

(Johnson, 2002). Often substance-exposed children are placed for adoption at a later age, have 

been exposed to more significant conditions of neglect, and have had multiple prior placements. 

Johnson (2002) states that this may be because children with prenatal drug exposure have more 

developmental disabilities and/or emotional or behavioral problems compared to adoptive peers 

who have not experienced prenatal exposure. Even so, adoption was still highly beneficial to 

these children as it reduced the impact of parental drug exposure. Therefore, prenatally-exposed 

children who are placed in adoptive homes demonstrate better long-term outcomes than 

prenatally-exposed children who remained in their home of origin (Johnson, 2002). Generally, 

adopted children placed with “competent, loving, and often socially and economically 

advantaged families” have better overall outcomes than children placed in foster care or children 

reunited with their birth mothers (Johnson, 2002, p. 50). Gypen and colleagues (2017) echo these 

findings, as they also found that children who matriculate through the foster system experienced 

overwhelmingly negative outcomes later in life. Koh (2010) also states that kinship foster 

placements are consistently more advantageous for children’s development when compared to 

nonkinship foster placements simply due to higher stability and less frequent disruption in home 

environments. 
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For this sample, children who are white and male were the most likely to retain contact 

with one or both biological parents and were more likely to remain in their home of origin with 

biological mothers retaining primary custody, compared to either female children or children 

who are BIPOC. White male children were also most likely to reside in kinship foster placement 

if they were removed from the home. The majority of the sample who were BIPOC had no 

contact with either biological parent.  There was only one case where custody was obtained by a 

biological father. Almost the entire BIPOC sample was either adopted or placed in foster care 

with no kinship affiliation. Again, the division in placement, custody, and adoption status by 

ethnicity and gender has strong implications for future research and clinical practice. 

A recent study conducted by Johnson, Slayter, and Livingstone (2020) examined the 

intersection of disability diagnosis, race, and ethnicity in adoption rates among eligible children 

in foster care placements across the U.S. Their findings revealed that among children with 

disabilities, Black/African American children and Latinx/Hispanic children were significantly 

less likely to be adopted than white peers. They found that adoption rates were equal among 

white children without a disability diagnosis and children of color with a disability diagnosis. 

Johnson and colleagues note that for adopted children with disabilities there are added financial 

incentives in the form of adoption subsidies or other government benefits, such as Medicaid, 

supplemental security income, or social security disability insurance recourses. This may help to 

explain their final finding that White children with a disability diagnosis were significantly more 

likely to be adopted than either White children without a disability diagnosis or BIPOC children 

with an identical disability diagnosis. Among their sample, 64.6% of all families who adopted 

foster children received assistance subsidies, which was equal in rate of receipt across ethnic, 

racial, or disability status.  
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Lovato-Hermann and colleagues (2017) investigated disparities among racial/ethnic 

groups among service referrals for families who were involved in child welfare systems. They 

found that Black/African American families were less likely to be referred to psychosocial 

services, but that this was due to a higher proportion of referrals to basic needs services. Within 

the current study, maltreated children in the BIPOC group were more likely to be removed from 

their home of origin, more likely to be adopted, and experienced the greatest degree of 

maltreatment by omission. Economic disparities among racial/ethnic groups likely underpin 

these differences and thus would benefit from intervention and prevention efforts that target 

economic stability, improve quality of life for the family unit, and reduce caregiver burden. 

First Hypothesis: Impairment Across Executive Functioning Measures 

 It was expected that children with maltreatment histories would demonstrate greater 

impairment across executive functioning measures, relative to the proportion of impairment 

among normative samples. As expected, the current sample of maltreated children demonstrated 

significantly greater proportions of impaired performance across all measures of executive 

function. These overall findings can be seen as lending support to Diamond’s (2013) theory of 

executive function development.  Of the available measures, there was an abundance of 

cognitive flexibility measures and many fewer measures of inhibitory control or working 

memory. However, this was still a much more comprehensive list of measures than provided by 

all previous studies of executive functions with maltreated pediatric populations. 

Second Hypothesis: Maltreatment Variables as Predictors of Executive Function 

Performance 

It was expected that intellectual ability would be the most common and most powerful 

predictor of performance across measures, given that IQ has been the most well-researched 
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domain in maltreated populations (Masson et al., 2016). The use of the GAI over the FSIQ also 

allowed for the inclusion of working memory and processing speed measures of the WISC to be 

examined for impairment and their relationship to maltreatment. This may be a useful approach 

for future research with this population as it provides greater validity for assessing core 

reasoning skills, as opposed to process skills that are very likely to be affected by prenatal 

exposure and maltreatment. 

Externalizing symptoms and internalizing symptoms were also found to be significant 

predictors of executive functioning, and almost exclusively those measured by the BRIEF. This 

was expected, as these symptoms were measured by the BASC-2, which is an indirect measure 

via caregiver report, and the data regarding these symptoms and executive function stem from 

the same sources. Parent-report measures have been shown to be discrepant from both teacher-

reports of symptoms and from direct assessment of cognitive performance (Netson et al., 2011). 

But discrepant parent-reports may be explained by the simple fact that parents are observing a 

child’s behavior within different settings and at different times of day, such as directly after 

school or on weekends, where activities and routines are less organized or structured (Netson et 

al., 2011). This may also suggest that, for this sample of maltreated children, behavior problems 

and withdrawal or avoidance frequently occur in settings other than the testing environment. 

However, the average parent holds a layperson’s knowledge of typical child behavior and may 

conflate symptoms across diagnoses, such as endorsing attention problems in child with global 

deficits in cognitive functioning (Deb et al., 2008). There may also be a degree of inflation in 

parent-ratings due to caregiving burden and distress or lowered behavioral expectations (Deb et 

al., 2008). Netson and colleagues (2011) caution that environments and raters exert expectations 
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on a child’s behavior that should be considered in the interpretation of collateral report by 

caregivers. 

Additionally, this sample may represent the most severe cases of maltreatment as 

compared to state-wide and national reports of maltreatment statistics (U.S. Department of 

Health & Human Services et al., 2020). As noted, this sample had more complex forms of 

maltreatment and more perpetrators of maltreatment. This may have interfered with the 

sensitivity of the analyses. GAI, the strongest and most frequent predictor of performance, and 

parent reports of symptoms, the second most important predictor, each predicted only one 

measure of inhibitory control. It is possible that the combination of factors exert a cumulative 

influence above and beyond any one predictor. For future research with larger samples, data 

reduction methods would be useful for clarifying the relationship of maltreatment, parental 

reports, and intellectual ability on cognitive performance. 

Acts of omission and acts of commission were not found to be significant predictors of 

performance for any measure of interest. The only maltreatment variable that was found to be a 

significant predictor of executive function performance was prenatal substance exposure. It was 

found to account for significant variation in two working memory and two cognitive flexibility 

measures. Two of these measures are parent reports of impaired working memory and cognitive 

flexibility symptoms that they may observe in home settings, which was an expected finding.  

Unexpectedly, the presence of in utero substance exposure was associated with higher 

performance on two task-based measures. A possible explanation for these findings is that 

children exposed to substances in utero are often first identified at birth via toxicology testing. 

For those children, intervention and removal from environments of maltreatment may occur 
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much earlier, which then improve cognitive outcomes if adopted into stable environments with 

appropriate parenting and sufficient resources.  

Of the total current sample, nine children had no other experiences of maltreatment apart 

from prenatal substance exposure. Of these nine children, seven were removed from their 

biological parent and placed into protective custody at birth and one child was removed at 2 

months of age. Data regarding the duration of maltreatment, the age at which children entered 

protective custody, or the age at which children were removed from environments of 

maltreatment was difficult to obtain and validate. Estimates for the current sample place the 

average age of intervention at 4 years of age, and national statistics regarding maltreatment state 

that children are most vulnerable and most likely to experience maltreatment within their first 

year of life (U.S. Department of Health & Human Services et al., 2020). Intervention at birth 

may be a critical point where both the benefits of adoptive environments and prevention of 

additional harm intersect. There is clearly not a neuroprotective effect of teratogen exposure 

during gestation, but the presence of substances in bloodwork at birth typically prompts 

mandated reporting procedures and it is these policies that are protective.  

Additionally, of the measures for which in utero exposure were significant predictors, 

two were direct measures of performance and two were indirect symptoms measures via parent 

report. The BRIEF is a well-established measure for use with a variety of child populations.  

Because of inaccessibility, item level responses were not analyzed as a part of this project to 

verify adequate levels of internal consistency.  However, the BRIEF is a widely-used measure 

that previously has been shown to display adequate alpha levels as well as good convergent, 

divergent, and construct validity with similar samples (see Appendix for psychometric values).  

Although in utero exposure is associated with poor parent reports of symptoms and stronger 
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performance on direct testing, this may be another example of poor ecological validity of 

measures with this sample and a reflection of caregiver burden. Establishing norms for 

maltreated samples for more accurate comparisons of performance on both direct measures and 

parent report measures could be one solution for addressing this disparity. 

Secondary Analyses 

Secondary analyses for the predictive qualities of prenatal substance exposure revealed 

mixed results. For children with a confirmed history of prenatal exposure, prediction of 

significant problems in working memory symptoms and set-shifting symptoms, as measured by 

the BRIEF, demonstrated high sensitivity. Prenatal exposure, however, demonstrated weak 

specificity, as a substantial portion of the maltreated sample with no history of prenatal substance 

exposure also exhibited significant problems in working memory and set-shifting as measured by 

the BRIEF.  

Conversely, the presence of in utero exposure demonstrated high accuracy in predicting 

unimpaired performance on learning trials of the CVLT-C and semantic fluency on the NEPSY. 

However, the same proportion of children without substance use exposure also performed above 

the threshold for impairment. Thus, the predictive value of prenatal substance exposure is low for 

either impaired or average performance. This raises the question of whether predictive value 

would be enhanced if the effect of specific substances could be parsed out, such as alcohol 

exposure as compared to methamphetamine exposure, which would require comparison to a 

control group 

Limitations and Considerations 

 The sample of this study was not large enough to permit analyses of performance by 

maltreatment type alone, particularly as almost all of the sample experienced acts of commission, 
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omission, and prenatal substance exposure either alone or in some combination to a significant 

degree. The current sample also appeared to represent the most severe cases among the 

maltreatment population. This is a reflection of the clinical setting in which the data were 

collected. These patients seen in a specialty pediatric neuropsychology clinic are not 

generalizable to the larger population, nor to the wider sample of children who have experienced 

maltreatment without protective intervention. These factors limited the ability to examine more 

subtle interactions between maltreatment histories and executive functions. Subtleties may also 

have been lost by the nature of the histories provided by collateral informants who, in many 

cases, were nonparental caregivers, foster parents who had known the children only a short time, 

or social service agency staff who had cursory relationships with the children. Better details 

about specific prenatal factors, biological family histories, and developmental factors may enable 

the identification of specific predictors of cognitive outcome.  

This study was subject to selection bias as the selection for inclusion in analysis was 

dependent upon exposure to maltreatment. The use of a retrospective cohort design inherently 

involves a single group threat to validity as there is a lack of a comparison or control group. 

When using a retrospective design, it cannot be assumed that only maltreatment has influenced 

executive function performance as events other than such exposure have taken place and would 

also be expected to exert some influence on test results. Normal growth and maturation of the 

sample could also influence the outcome beyond maltreatment. As this study conducted multiple 

comparisons, and multiple predictor variables were utilized for specific analyses, findings are 

subject to a greater risk of Type I family-wise errors. As this project was highly exploratory in 

nature, this was acknowledged and corrections were not deemed necessary (Rothman, 1990). 

This study also did not substantiate the internal reliability of parent questionnaires used as these 
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are well-researched measures that previously have demonstrated sufficient psychometric 

properties across a variety of child populations.  

Although this project had limitations, these are the same obstacles that typically impede 

or prevent efforts to study maltreated populations. One hope is that this study offers a step 

towards refining methods and scientific inquiry for future researchers.  

Future Research and Legal Implications  

Access to a larger sample would allow for a wider gradient in severity and the ability to 

potentially divide the sample into maltreatment subgroups. To conduct more nuanced research 

with maltreatment populations, future research should focus efforts towards operationalizing 

maltreatment variables regarding severity, chronicity, and duration. Large, longitudinal, multisite 

studies can provide invaluable data and potentially a method in which directionality and impact 

of maltreatment can be accurately measured (Font & Berger, 2014). This would also allow for 

comparison to same-aged control comparisons from a single cohort. Unfortunately, a 

neuropsychological testing on a smaller scale, without grand-funding or when limited to a single 

site, requires substantial time and resources to complete. Clinicians who provide this service to 

pediatric populations are in high demand, often with waitlists that span from 6 months to a year; 

collection of data from typically developing children is often not feasible. Small sample sizes, 

often smaller than 10 cases, or a lack of control comparison are frequent limitations of pediatric 

neuropsychological research; future research should continue to seek feasible solutions and 

alternatives to these obstacles. 

Future research regarding maltreatment should include measures of prenatal substance 

exposure as this is an emerging facet of maltreatment. And the finding of differential social 
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service placement outcome by ethnicity suggests that an important direction for future research is 

to examine systemic racism within child welfare systems and mental healthcare systems.  

Additionally, our definition of omission maltreatment does not differentiate between 

maltreatment that is inflicted with intention and maltreatment that is incidental, such as a 

byproduct of poverty or single-parent status. Theoretically, early interventions with maltreating 

parents, loving adoptive families, cognitive behavioral therapy, and medication may allow 

neurodevelopmental recovery from the impairing effects of chronic stress (De Bellis et al, 1999; 

Johnson, 2002). Greater efforts to connect families to community-based services, access to 

parenting education, and programs that provide mental and medical health care services in the 

home have shown dramatic improvements in outcomes for children who experience 

maltreatment by omission (Marie-Mitchell & Kostolansky, 2019). The most efficacious 

programs to date are comprised of multiple components with medium-to-high-intensity services 

(based upon need) that utilize professionals and paraprofessionals with graduate-level training 

(Marie-Mitchell & Kostolansky, 2019). Parental and family-level factors have been investigated 

within a wide body of research that has led to various prevention and intervention efforts that 

target recovery from the effects of maltreatment. However, research that employs an ecological 

model to identify sources that increase or reduce risks of child maltreatment and targets for 

intervention beyond caregivers must be addressed. 

The incorporation of prenatal substance exposure also presents an ethical dilemma with 

significant legal implications, which are far beyond the scope of this project, but are important to 

consider if drawing conclusions from these results. South Carolina has already set a precedent of 

prosecuting prenatal substance use as a criminal act, while others, such as the ACLU, would 

argue that this is an example of “policing pregnancy” and infringes upon a pregnant woman’s 
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constitutional rights and liberties (Gallagher, 1987). Researchers must be cognizant and sensitive 

to the potential for findings to be used to support policies, for which they may not be intended to 

serve. States that focus on maternal and child health, with supportive and preventative efforts 

directed at expectant, addicted, and/or under-resourced mothers have been shown to yield 

significantly fewer cases of children exposed to substances in utero than in states that utilize 

punitive policies (Faherty et al., 2019). These policies appear to be directly related to pregnant 

women or women of reproductive age disengaging from health care systems, which would 

otherwise provide key opportunities for intervention and/or prevention (Faherty et al., 2019). 

Faherty and colleagues found that mandated reporting practices had no effect on 

engagement/disengagement from health care systems, but screening pregnant mothers for 

suspected substance use was perceived as invasive and stigmatizing. With the integration of 

research that has examined the efficacy of punitive versus protective policies, the current 

findings may suggest that toxicology screening at birth, and subsequent mandated reporting for 

any positive findings, rather than potentially invasive screenings for substance use throughout 

pregnancy would be an appropriate approach. This would preserve an opportunity for, 

potentially, critical intervention at the time of birth without stigmatizing or pushing pregnant 

mothers away from services.  

There are no states that mandate testing for prenatal drug exposure without suspicion of 

substance use, and even if suspected, many states do not intervene unless the substance is illicit. 

In the case of alcohol or prescription drug abuse, there may be little to no grounds for 

intervention. Currently, only 25 states currently require health care professionals to report 

suspected prenatal drug use and this number is unacceptably low (Guttmacher Institute, 2021). 

However, the number of drug treatment programs specifically targeted towards pregnant 
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individuals are fewer (19) and only 10 state prohibit discrimination against pregnant individuals 

in participation of publicly funded drug treatment programs (Guttmacher Institute, 2021). 

Mandated reporting will amount to very little prevention or treatment outcomes without 

programs that are both accessible to and efficacious for pregnant mothers. 

Conclusions 

The aims of this project were to explore executive function performance among a 

maltreated pediatric sample and to explore whether test performance profiles differed between 

children who had experienced maltreatment by acts of omission, acts of commission, or exposure 

to substances in utero, which had previously not been attempted. The results of the current study 

also present a rich description of a severe maltreatment sample and their performance across a 

variety of executive function measures. 

That children’s behavior differed substantially between test environments and “real 

world” settings is a promising finding. This suggests with appropriate behavioral interventions 

and placement in a home or school environment with adequate resources and effective 

caregiving practices, children who have experienced even the most severe conditions of 

maltreatment may have the potential to function at their best abilities. Clinicians are also 

cautioned in their interpretation of executive function performances as generalizable, as children 

may not exercise their cognitive skills equally across settings. Finally, for practicing clinicians 

this study underscores the need for mandated reporting practices, and continued research and 

education regarding warning signs and early detection of maltreatment. The findings of this 

study emphasize that the development of preventive interventions and policies, that are 

implemented judiciously and with equity across at-risk and under-resourced populations, should 

be a priority among all disciplines.  
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APPENDIX 

PSYCHOMETRICS OF MEASURES 

Behavior Assessment System for Children – Second Edition 

The Behavior Assessment System for Children – Second ed. (BASC-2) is a norm-

referenced assessment of a child’s adaptive and maladaptive behavior in community and 

home settings (Reynolds & Kamphaus, 2004). The parent report form (BASC-2-PRS) 

assesses parents’ evaluations of their child’s behaviors. The age range of the BASC-2 PRS is 

from 2:0 to 25:00. Parents endorse 160 items (child form) or 150 items (adolescent form) 

ranking the frequency of the child’s behaviors on a 4-point Likert-scale: N (never), S 

(sometimes), O (often), and A (almost always).  

Primary scores and content scores of the BASC-2 are scaled on a metric with a mean 

of 50 and SD of 10. Scores of 60 - 69 indicate “at risk” and scores of 70 or more are 

considered clinically significant, though some scales are reverse-scored and indicate the 

presence of adaptive skills at higher ratings. For the parent forms (age 6-11 and 11-21), 

individual scales that indicate behavioral difficulties at 60 and above include: (a) 

hyperactivity, (b) aggression, (c) conduct problems, (d) anxiety, (e) depression, (f) 

somatization, (g) atypicality, (h) withdrawal, and (i) attention problems. For the parent forms 

(age 6-11 and 11-21), individual scales that indicate a deficit of adaptive behaviors at 30 and 

below include: (a) adaptability, (b) social skills, (c) leadership, (d) activities of daily living, 

and (e) functional communication. Parent form composite scales include: (a) externalizing 

problems, (b) internalizing problems, (c) behavioral symptoms, and (d) adaptive skills. 

The BASC-2 was normed using a general population of American children from 

public/private schools, mental health clinics/hospitals, and preschools/daycares. An additional 
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norm sample for clinical syndromes/behaviors was used (ages 4 to 18) who were diagnosed 

with behavioral, emotional, or physical problems. Norm samples for parents included 4,800 

reports and norm samples for children included 3,400 reports. Norm samples used were found 

to be “extremely close” to U.S. population estimates. The BASC-2 has established convergent 

validity and construct validity with other scales, such as the Child Behavior Checklist 

(Achenbach & Rescorla, 2001). The composites and scales have high test-retest reliability 

(.70 - .80). Internal consistency for the BASC-2 is high for composite scales (α = .90) and 

individual scales (α = .80). Interrater reliability between parent reports is moderate (.70) for 

both composite and individual scales (Community-University Partnership for the Study of 

Children, Youth, and Families, 2011). 

Convergent validity for the BASC-2 PRS has been established using the ASEBA 

Child Behavior Checklist, the Conners Parent Rating Scale-Revised, the Behavior Rating 

Inventory of Executive Functioning (BRIEF), and the previous version of the BASC. 

Convergent validity with the original BASC was high (.90), while convergent validity for all 

other scales ranged from moderate to high (70 - .80). Convergent validity for the BASC-2 

SRP has been established using the Achenbach System of Empirically Based Assessment 

Youth Self-Report (ASEBA YSR; Achenbach, 2009), the Conners-Wells’ Adolescent Self-

Report Scale (CASS; Conners, 1997), Children’s Depression Inventory (CDI; Kovacs, 1992), 

Brief Symptom Inventory (BSI; Derogatis, 1982), Beck Depression Inventory-2 (BDI-II: 

Beck et al., 1996), Revised Children’s Manifest Anxiety Scale-2 (RCMAS-2; Reynolds & 

Richmond, 2008), Minnesota Multiphasic Personality Inventory-2 (MMPI-2; Butcher et al., 

1989), and the original BASC (Reynolds & Kramphaus, 1992). Construct, convergent, and 

discriminative validity were found to be much weaker for child self-report forms of the 
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BASC-2 as most correlations fell between .50 and .60 (Community- University Partnership 

for the Study of Children, Youth, and Families, 2011). 

Criterion-related validity of the BASC-2 is satisfactory. Validity measures, similar to 

those utilized in personality tests, are incorporated into both the parent and child forms of the 

BASC-2. Validity indices include: F, L, and V. The F index determines the tendency to 

excessively rate a child’s behavior as negative. The L index is a measure of excessive 

positivity of self. The V scale is a measure of infrequently endorsed, or conflicting items 

endorsed that are unlikely to contradict one another (Reynolds & Kamphaus, 2004).  

Behavior Rating Inventory of Executive Functioning 

The Behavior Rating Inventory of Executive Function (BRIEF; Gioia et al., 2000) is a 

parent/guardian rating scale assessing perception of the child's executive functioning in a real-

world setting, for children aged 5:0 to 18:11. This assessment contains 86 items grouped into 

three categories (Behavior Regulation, Meta Cognition, and Global Executive) and eight sub-

categories (Inhibition, Shifting, Emotional Control, Initiation, Working Memory, Monitoring, 

Planning/Organizing, and Organization of Materials). Items are rated on a 3-point Likert-scale 

ranging: N (never), S (sometimes), and O (often).  Participant raw scores are converted to t-

scores to compare to age-matched normative data. Scores that fall within the problematic 

range are t-scores of 65 or greater. Validity indices include a scale of items that reflect a 

tendency to excessively rate a child’s behavior as negative and contradictory endorsements 

that reflect inconsistencies in ratings. Internal validity has been identified as strong (α = .80-

.98). Test-retest reliability is also strong (.81). Convergent validity has been established for the 

BRIEF using the BASC, the ASEBA Child Behavior Checklist, and the ADHD Rating Scale- 

IV.  Divergent validity has been established using measures of emotional and behavioral 
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functioning. Norms for standardization were based on data collected from 1,419 parents and 

reflect U.S. Census estimates for socioeconomic status, ethnicity, and gender distribution at 

the time of the assessment’s development (Gioia et al., 2000). Construct validity has been 

established with clinical samples of children with and ADHD diagnosis (Davidson et al., 

2015). 

California Verbal Learning Test – Children’s Version 

The California Verbal Learning Test - Children's Version (CVLT-C; Delis et al., 1994) 

is a measure of memory and verbal learning including an assessment of learning strategy use 

in children aged 5 to 16 based on their expected developmental level and adjusted for 

chronological age. A list of 15 items that can be grouped into three categories is read to 

children five times and after each repetition children are asked to recall as many items as 

possible. Initial retention for Trials 1 through 5 and the use of serial and semantic clustering 

strategies is the outcome of interest for this study. Raw scores for children are converted into 

z-scores, for which the mean is 0.0 and the standard deviation is 1.0.   

The normative sample for CVLT-C development consists of 920 children in 12 age 

groups, ranging from 5:0 to 16:11-years-old. Criterion validity is well-established for the 

CVLT-C in use with a variety of clinical child populations, including those diagnosed with 

leukemia, epilepsy, and phenylketonuria (Precourt et al., 2002; White et al., 2001; Williams et 

al., 2001). Construct validity has been established with clinical pediatric populations (Mottram 

& Donders, 2005). The CVLT-C also has embedded performance validity measures to gauge 

validity of results (Delis et al., 1994). 

Delis-Kaplan Executive Functioning System  

The Delis-Kaplan Executive Functioning System (D-KEFS; Delis et al., 2001) is a 
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widely used assessment aimed at measuring executive functions, with a wide variety of 

subtests, standardized for individuals aged 8:0 to 89:11.  The selected subtests for the current 

study are the Trail Making Test, Verbal Fluency Test, and the Color-Word Interference Test. 

The D-KEFS norm sample was standardized using 1,750 adults and children with stratification 

equivalent to age, race/ethnicity, education, and geographic region of the 2000 U.S. census 

demographics. 

The Trail Making Test (TMT; Army Individual Test Battery, 1944), is an adaptation of 

the Halstead-Reitan Trails A & B test (Reitan & Wolfson, 1985), which assesses attention, 

concentration, resistance to distraction and cognitive flexibility. Examinee’s complete five 

conditions: (a) Visual Scanning in which individuals are tasked with marking target stimuli, 

(b) Number Sequencing in which individuals must correctly sequence numbers, (c) Letter 

Sequencing in which individuals must correctly sequence letters, (d) Number-Letter 

Sequencing in which individuals connect numbers and letters in alternating and sequential 

order simultaneously, and (e) Motor Speed in which individuals follow a dotted line. Speed of 

completion and accuracy are primary measures, with additional measures of error type 

(whether an error in sequencing or an error in tracking the goal of the task). Test-retest 

reliability for ages 8:0 to 19:11 are good for Number Sequencing and Motor Speed (r = .77 - 

.82), moderate for Visual Scanning and Letter Sequencing (r = .50 - .57), and poor for time 

taken to complete Number-Letter Sequencing (r = .20; Delis et al., 2001).  

The Verbal Fluency Test assesses orthographic knowledge/ retrieval, semantic 

knowledge/retrieval, cognitive flexibility, and set shifting. Examinee’s complete three 

conditions: (a) Letter Fluency in which individuals are tasked to generate words beginning 

with specific letters of the alphabet for 60 s, with three letters used in total, (b) Category 

https://www.sciencedirect.com/science/article/pii/S0887617703000398#BIB1
https://www.sciencedirect.com/science/article/pii/S0887617703000398#BIB15
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Fluency in which individuals are tasked with generating words that belong to a categorical set 

such as “animals” or “clothing” for 60 s, with two category sets used in total, and (c) Category 

Switching in which individuals generate words from two category sets and alternate between 

them such as “musical instruments” and “fruits” for 60 s. Total number of correct responses, 

number of errors, and types of errors (whether repetitions or words incorrect for the task) are 

recorded. Test-retest reliability for ages 8:0 to 19:11 range are good across all three measures 

and supplemental analyses (r = .53 - .70; Delis et al., 2001). 

The Color-Word Interference Test, an adaptation of the Stroop Test (Stroop, 1935), 

primarily assesses inhibition and automaticity. Examinee’s complete four conditions: (a) Color 

Naming in which individuals name basic colors presented as “patches” of color, (b) Word 

Naming in which individuals read color words such as “red”, (c) Inhibition in which 

individuals are tasked with naming the color of ink while the word represents a different color 

name such as the word “blue” printed in red ink, and (d) Inhibition/Switching in which 

individuals must switch between naming the color of ink and reading the word contingent 

upon whether the word is inside of a box or not. Test-retest reliability for ages 8 to 19 are 

strong for all conditions of Color-Word Interference (r = .77 - .90; Delis et al., 2001). 

Across subtests, the D-KEFS assessment has established moderate to high ranges of 

internal reliability. Validity research has demonstrated the D-KEF’s ability to identify 

executive functioning impairments in clinical samples of children (Kleinhans et al., 2005; 

Lopez et al., 2005; Mattson et al., 1999; Schonfield et al., 2001). Convergent validity has been 

established between the Woodcock-Johnson III Tests of Cognitive Abilities and the D-KEFS, 

on scores of executive processes, working memory, and inhibition (Floyd et al., 2006). The D-

KEFS has also established convergent validity with the Wisconsin Card Sorting Test (WCST; 
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Heaton et al., 1993) as both are purported measures of executive functions (Delis et al., 2001). 

Discriminant validity has also been established between the California Verbal Learning Test–

II (CVLT-II; Delis et al., 2000) and the D-KEFS, as the CVLT-II (the adult version of the 

CVLT-C) is purported to measure verbal learning and not executive functioning (Delis et al., 

2001).  

A Developmental NEuroPSYchologival Assessment – Second Edition 

The NEPSY-II (Korkman et al., 2007a) is a neuropsychological battery of tests that is 

used for children aged 3 to 16 years of age that was specifically designed to measure cognitive 

functions that are not typically measured in intellectual ability or achievement batteries. The 

NEPSY-II was normed on a sample of 1,200 preschoolers, children and adolescents with an 

age range from 3 - 16 years of age divided into 12 age groups; males and females were equally 

distributed for each of the 12 age groups (Korkman et al., 2007b). The NEPSY-II produces 

scaled scores with a mean of 10 and standard deviation of 3 as well as percentile rank.  For the 

purposes of the current research, the two subtests of interest is the NEPY-II: Inhibition Subtest, 

which has an age range of 5 to 16, and the Word Generation Subtest, which has an age range 

of 3 to 16.  

Inhibition is a timed subtest that purportedly assesses the ability to inhibit prepotent 

responses in favor of a novel or newly learned response. Two stimuli pages are presented to 

the examinee with three conditions for each page. The first page consists of circles and squares 

in white or black and the second page consists of up or down arrows in white or black. The 

first condition is “Naming” in which participants are asked to state the shape or direction of the 

arrows, is a control measure for speed and accuracy. The second condition is Inhibition. 

Participants are asked to state the opposite shape or direction of arrow (e.g., if a circle, they say 
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“square”; if down, they say “up”). The third condition is Switching. Participants are asked to 

state the actual shape or direction if the stimulus is black, and to say the opposite shape or 

direction if the stimulus is white. Essentially, the Inhibition task utilizes the Stroop approach 

(Stroop, 1935) in a method that does not require an automatized reading ability. 

Word Generation is a timed subtest designed to assess verbal fluency through the 

ability to generate words within a specific category (semantically and phonetically). The child 

is asked to produce as many words as possible within 60 s after being provided an initial letter 

or category with two trials and two teaching examples each. For example, participants are 

asked to name as many animals as they can think of such as a cat or a dog. Errors are not 

recorded, if the participant repeats the teaching examples provided (i.e., “cat”) it is not counted 

towards their total score. This is a derivation of the Controlled Oral Word Association Test 

(COWAT) and is nearly identical to the Verbal Fluency test of the D-KEFS for older children 

and adults. However, the Word Generation subtest begins with semantic fluency conditions 

first and the subtest is comprised of only two phonemic fluency conditions afterwards, rather 

than three as is the case for the COWAT and the D-KEFS. 

Internal reliability of the NESPY-II is good, ranging from .70 to >.90. Test-retest 

reliability is adequate to high (Brooks et al., 2010). The NEPSY-II has demonstrated excellent 

convergent validity with the D-KEFS Color-Word Inhibition task and has demonstrated 

appropriate convergent and divergent validity among individual subtests with the Wechsler 

Individual Achievement Test – Second edition, the Wechsler Intelligence Scale for Children – 

Fourth edition, the Wechsler Nonverbal Scale of Ability, and the Differential Ability Scales – 

Second edition (Brooks et al., 2010). Construct validity has been established across a wide 

variety of clinical child samples, with executive functioning tasks and language tasks to be the 
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most consistent (Brooks et al., 2010). Studies of clinical samples included groups identified as 

experiencing ADHD, specific learning disorders, language disorders, intellectual disability, 

autism spectrum disorder, traumatic brain injuries, hearing impairment, and emotional 

disturbances (Korkman et al., 2007b). 

Wechsler Intelligence Scale for Children – 4th & 5th Editions 

The Wechsler scales are among the most widely used measures of intellectual ability, for 

both adults and children. First developed by David Wechsler in 1949, the modern iterations of 

the Wechsler Intelligence Scale for Children (WISC) are designed and normed for use with ages 

6:0 - 16:11. The scales yield a Full-Scale IQ index score, primary index scores that align with a 

distinct cognitive domain, and subtests scores from which the index scores are derived. The 

fourth edition of the WISC was produced in 2003 (Wechsler) and the fifth edition was produced 

in 2014 (Wechsler). 

The Weschler Intelligence Scales for Children are general measures of cognitive 

functioning and intellectual ability. They are used to generate a Full-Scale IQ derived from 

four separate indices that purportedly reflect Verbal Comprehension (VCI), Processing Speed 

(PSI), Working Memory (WMI), and Perceptual Reasoning (PRI). While useful for 

comparison, it should be noted that the fourth and fifth editions of the WISC vary in subtests 

and index scores used to derive a Full-Scale IQ score. The WISC-V generates an additional 

index score not included in the WISC-IV; Fluid Reasoning Index (FRI). The General Ability 

Index (GAI) is an alternative index score that is less sensitive to the influence or variation 

within working memory and processing speed subtests and indices. The GAI composite score 

is based only on Verbal Comprehension subtests and Perceptual Reasoning Subtests in the 

WISC-IV and for the WISC-V is based only on Verbal Comprehension and Fluid Reasoning 
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subtests. The derived FSIQ and GAI score are standardized with a mean of 100 and standard 

deviations of 15. Use of the GAI is recommended over the FSIQ when working with special 

groups for whom neuropsychological issues are suspected or known. The FSIQ and GAI 

demonstrate a correlation of .96 between the WISC-IV and WISC-V (Canivez & Watkins, 

2016). Canivez and Watkins (2016) in their comprehensive and independent analyses and 

critique of the WISC-V determined that the FSIQ and GAI were comparable in psychometric 

qualities regarding test-retest and consistency between fourth and fifth editions. 

The WISC-IV was standardized on a normative sample of 2,200 children ranging in 

age from 6 - 16, divided into 11 age groups of 1 year and equal distribution of male and female 

subjects. Internal reliability of subtests for the WISC-IV are good (Wechsler, 2003). Test-

retest reliability was demonstrated as good to excellent (r = .79 - .90). Convergent validity and 

discriminant validity have been established for the WISC-IV (Wechsler, 2003). 

The WISC-V was standardized on a normative sample of 2,200 children ranging in age 

from 6 - 16; 100 male and 100 females were used for each age level in 3-month blocks. Test-

retest reliability of the WISC-V is .91 for the FSIQ and .89 for the GAI, overall interrater 

reliability estimates range from .97 - .99, criterion validity has been established, and internal 

reliability is also high (α= .90; Wechsler, 2014). The WISC-V has demonstrated strong 

divergent validity with the Vineland-II and the BASC-2, with correlations of nearly zero 

(Canivez, & Watkins, 2016).  
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Table 1  

Background and Demographic Characteristics by Total Sample and Group Assignment 

 

 

 

  

Variables 
Total Sample 

(N = 88) 

Child Group 

(N = 40) 

Adolescent Group 

(N = 48) 

 M SD M SD M SD 

Age in years 10.19 2.74 7.65 0.92 12.31 1.76 

       

Gender n % n % n % 

            Male 49 55.7 22 55.0 27 56.3 

Female 39 44.3 18 45.0 21 43.7 

Handedness       

Right-handed 74 84.1 36 90.0 38 79.2 

            Left-handed 13 14.8 4 10.0 9 18.8 

Ambidextrous 1 1.1 0 0.0 1 2.0 

       

Ethnicity       

White 58 65.9 25 62.5 33 68.8 

Black 13 14.9 6 15.0 7 14.6 

Latinx/Hispanic 4 4.5 0 0.0 4 8.3 

Asian/Pacific Island 4 4.5 4 10.0 0 0.0 

            Multiple/Mixed 9 10.2 5 12.5 4 8.3 

       

Diagnosis       

ADHD 46 52.3 24 60.0 22 45.8 

Anxiety Disorder 3 3.4 1 2.5 2 4.2 

Behavior Disorder 17 19.3 2 5.0 15 31.3 

Mood Disorder 27 30.7 12 30.0 15 31.3 

            Intellectual Disability 12 13.6 9 22.5 3 6.3 

Neurocognitive Disorder 21 23.9 8 20.0 13 27.1 

PTSD 25 28.4 8 20.0 17 35.4 

Medical Diagnosis 5 5.7 5 12.5 0 0.0 

       

Maltreatment Documentation       

Primary Source 59 67.0 28 70.0 31 64.6 

Secondary Source 88 100.0 40 100.0 48 100.0 
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Table 2 

Hierarchical Regression Model Predictor Variables and Predicted Variables 

Predictor Variables 

Step of Regression Specific Score or Variable Entered 

 

Step 1 

 

General Ability Index from the (WISC-IV or WICV-V) 

  

Step 2 Externalizing Symptom Index (BASC-2) 

 Internalizing Symptom Index (BASC-2) 

  

Step 3 Anxiety Diagnosis 

 Behavior Diagnosis 

 Mood Diagnosis 

  

Step 4 In Utero Exposure 

 Acts of Commission 

 Acts of Omission 

  

Predicted Variables 

Domain Specific Score                                                       Summary Table 

Inhibitory Control Inhibition (BRIEF)  14 

 Inhibition Score (NEPSY-II) 15 

 Inhibition Errors (NEPSY-II) 16 

 Color-Word: Inhibition Accuracy (D-KEFS) 17 

   

Working Memory Working Memory (BRIEF) 18 

 CVLT-C Trials 1 to 5 19 

 Digit Span (WISC-IV or WICV-V) 20 

 Letter-Number Sequencing (WISC-IV) 21 

 Picture Span (WISC-V) 22 

   

Cognitive Flexibility Shifting (BRIEF) 23 

 Switching Score (NEPSY-II) 24 

 Category Fluency (NEPSY-II) 25 

 Letter Fluency (NEPSY-II) 26 

 Trails: Switching Accuracy (D-KEFS) 27 

 Semantic Fluency (D-KEFS) 28 

 Phonemic Fluency (D-KEFS) 29 

 Verbal Fluency Switching Correct (D-KEFS) 30 

 Verbal Fluency Switching Accuracy (D-KEFS) 31 

 Verbal Fluency Repetition Errors (D-KEFS) 32 

 Verbal Fluency Set Loss Errors (D-KEFS) 33 

 Color-Word: Switching Accuracy (D-KEFS) 34 
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Table 3  

Maltreatment Characteristics by Total Sample and Group Assignment 

 

 

  

Variables 
Total Sample 

(N = 88) 

Child Group 

(N = 40) 

Adolescent Group 

(N = 48) 
X2 

Perpetration n % n % n %  

Biological Mother 69 78.4 28 70.0 41 85.4 4.29 

Biological Father 21 23.9 11 27.5 10 20.8 4.61 

Other Caregiver 17 19.3 8 20.0 9 18.8 1.25 

Noncaregiver 16 18.2 8 20.0 8 16.7 1.42 

Total Perpetrators, M (SD) 1.4 (.74) 1.38 (.84) 1.42 (.65) 4.16 

        

In Utero Exposure 49 55.7 20 50.0 29 60.4 .96 

Alcohol 28 32.0 9 22.5 19 39.6  

Benzodiazepines 2 2.2 1 2.5 1 2.1  

Cocaine 9 10.2 4 10.0 5 10.4  

Marijuana 10 11.3 3 7.5 7 14.5  

Methamphetamine 13 14.7 6 15.0 7 14.5  

Opiates 6 6.8 3 7.5 3 6.3  

Other/Nonspecific 16 18.1 8 20.0 8 16.7  

In Utero Exposure Only 9 10.2 3 7.5 6 12.5 .59 

        

Acts of Commission 48 54.5 20 50.0 28 58.3 .61 

Physical  31 35.2 15 37.5 16 33.3 .16 

Sexual  34 38.6 13 32.5 21 43.8 1.16 

Emotional/Psychological 8 9.1 4 10.0 4 8.3 .07 

        

Acts of Omission 65 73.9 29 72.5 36 75.0 .07 

Malnourishment 24 27.3 14 35.0 10 20.8 2.21 

Psychosocial Deprivation 49 55.7 20 50.0 29 60.4 .95 

Insufficient Supervision 32 36.4 9 22.5 23 47.9 6.09* 

Educational Neglect 7 8.0 2 5.0 5 10.4 .87 

Medical Neglect 20 22.7 11 27.5 9 18.8 .95 

Violent Environment 22 25.0 11 27.5 11 22.9 .24 

Witnessing Trauma 16 18.2 8 20.0 8 16.7 .16 

        

Combined Maltreatment, M (SD) 3.30  (1.55) 3.15 (1.46) 3.42 (1.64) 2.08 
* p< .05, ** p< .01, *** p< .001 
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Table 4  

Maltreatment Characteristics by Gender 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Variables 
Male 

(N = 49) 

Female 

(N = 39) 
X2 

Perpetration n % n %  

Biological Mother 39 79.0 30  76.9 2.12 

Biological Father 14 28.6 7  17.9 1.61 

Other Caregiver 12 24.5 5  12.8 2.84 

Noncaregiver 8 16.3 8  20.5 1.01 

Total Perpetrators, M (SD) 1.49 (.79) 1.28  (.65) 4.05 

      

In Utero Exposure 28 57.1 21  53.8 .09 

Alcohol 15 30.6 13  33.3  

Benzodiazepines 2 4.0 0 0.0  

Cocaine 4 8.1 5  12.8  

Marijuana 7 14.2 3  7.6  

Methamphetamine 8 16.3 5  12.8  

Opiates 4 8.1 2  5.1  

Other/Nonspecific 8 16.3 8  20.5  

In Utero Exposure Only 4 8.2 5  12.8 .51 

      

Acts of Commission 29 59.2 19  48.7 .95 

Physical  20 40.8 11  28.2 1.15 

Sexual  20 40.8 14  35.9 .22 

Emotional/Psychological 4 8.2 4  10.3 .11 

      

Acts of Omission 37 75.5 28  71.8 .15 

Malnourishment 15 30.6 9  23.1 .62 

Psychosocial Deprivation 28 57.1 21  53.8 .09 

Insufficient Supervision 18 36.7 14  35.9 .01 

Educational Neglect 4 8.2 3  7.7 .01 

Medical Neglect 8 16.3 12  30.8 2.57 

Violent Environment 16 32.7 6  15.4 3.45 

Witnessing Trauma 11 22.4 5  12.7 1.35 

      

Combined Maltreatment, M (SD) 3.49 (1.61) 3.05  (1.47) 4.78 
* p< .05, ** p< .01, *** p< .001      
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Table 5  

Maltreatment Characteristics by Ethnicity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables 
White 

(N = 58) 

BIPOCa 

(N = 30) 
X2 

Perpetration n % n %  

Biological Mother 48 82.8 21 70.0 1.90 

Biological Father 12 20.7 9 30.0 2.68 

Other Caregiver 11 19.0 6 20.0 1.99 

Non-caregiver 12 20.7 4 13.3 2.56 

Total Perpetrators, M (SD) 1.14 (.65) 1.33 (.50) 5.23 

      

In Utero Exposure 35 60.3 14 46.7 1.49 

Alcohol 19 32.8 9 30.0  

Benzodiazepines 2 3.4 0 0.0  

Cocaine 5 8.6 4 13.3  

Marijuana 7 12.1 3 10.0  

Methamphetamine 11 19.0 2 6.7  

Opiates 6 10.3 0 0.0  

Other/Nonspecific 9 15.5 7 23.3  

In Utero Exposure Only 7 12.1 2 6.7 .62 

      

Acts of Commission 36 62.1 12 40.0 3.88* 

Physical  21 36.2 10 33.3 .07 

Sexual  25 43.1 9 30.0 1.43 

Emotional/Psychological 4 6.9 4 13.3 .99 

      

Acts of Omission 39 67.2 26 86.7 3.86* 

Malnourishment 14 24.1 10 33.3 .84 

Psychosocial Deprivation 28 48.3 21 70.0 3.78 

Insufficient Supervision 19 32.8 13 43.3 .95 

Educational Neglect 4 6.9 3 10.0 .26 

Medical Neglect 12 20.7 8 26.7 .40 

Violent Environment 13 22.4 9 30.0 .60 

Witnessing Trauma 9 15.5 7 23.3 .81 

      

Combined Maltreatment, M (SD) 3.16 (1.52) 3.57 (1.61) 4.16 
a Black, Indigenous, and People of Color 

* p< .05, ** p< .01, *** p< .001 
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Table 6 

Maltreatment Characteristics by Diagnosis

Variables 

ADHD 

Diagnosis 

(N = 46) 

Behavior 

Disorder 

(N = 17) 

Mood  

Disorder 

(N = 27) 

Intellectual 

Disability 

(N = 12) 

Neurocognitive 

Disorder 

(N = 21) X2 

 n % n % n % n % n %  

Perpetration            

Biological Mother 35 76.1 13 76.5 20 74.1 10 83.3 16 76.2 0.40 

In Utero Exposure 24 52.2 7 41.2 18 66.7 7 58.3 18 85.7 9.99* 

Acts of Commission 26 56.5 7 41.2 13 48.1 5 41.7 9 42.9 2.03 

Acts of Omission 31 67.4 13 76.5 18 66.7 10 83.3 15 71.4 1.65 
* p< .05 



 124 

Table 7 

Relationship to Biological Parents, Adoption, and Placement by Gender and Ethnicity Demographics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Variables 
Male 

(N = 49) 

Female 

(N = 39) 
X2 

White 

(N = 58) 

BIPOCa 

(N = 30) 
X2 

Relationship to Biological Parents n % n %  n % n %  

No custody/contact with 

either parent 30 61.0 28 71.7 1.08 32 55.2 26 86.7 8.72** 

Contact with mother only 8 16.0 5 12.8 1.89 9 15.5 4 13.3 2.53 

Contact with father only 2 4.0 1 2.6 .02 2 3.4 1 3.3 .23 

Mother retained custody  4 8.2 1 2.6 1.27 5 8.6 0 0.0 2.74 

Father retained custody 3 6.1 4 10.3 .50 7 12.1 0 0.0 3.93* 

Adopted by others 31 42.9 23 59.0 2.25 24 41.4 20 66.7 5.05* 

           

Placement/Residence at Evaluation           

Biological/Home of Origin 7 14.3 5 12.8 .04 12 20.7 0 0.0 4.10* 

Mother, Sole Custody 3 6.1 1 2.6 .63 4 6.9 0 0.0 2.16 

Father, Sole Custody 4 8.2 4 10.3 .11 7 12.1 1 3.3 1.82 

Foster Care, Nonkinship 12 24.5 11 28.2 .15 14 24.1 9 30.0 .35 

Foster Care, Kinship 7 14.3 2 5.1 1.98 8 12.1 2 6.7 .62 

Residential Facility 1 2.0 1 2.6 .02 2 3.4 0 0.0 1.05 

Children’s Home 1 2.0 0 0.0 .80 1 1.7 0 0.0 .52 
a Black, Indigenous, and People of Color 

* p< .05, ** p< .01, *** p< .001 
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Table 8 

Overall Performance of Inhibitory Control by Total Sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Measures  ≤ 2 SD 
X2 

 Total N (%) 

BRIEF Inhibition 66 41 (62.1%) 52.46*** 

NEPSY Inhibition Trial: Score 38 16 (42%) 17.05*** 

NEPSY Inhibition Subtest Errors 32 12 (37.5%) 11.68*** 

D-KEFS Color-Word: Inhibition Accuracy 46 11 (23.9%) 9.58** 
* p< .05, ** p< .01, *** p< .001 
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Table 9 

Overall Performance of Working Memory by Total Sample 

 

 

 

 

 

 

 

 

 

 

 

  

Measures  ≤ 2 SD 
X2 

 Total N (%) 

BRIEF Working Memory 66 57 (86.3%) 92.70*** 

CVLT-C Trials 1 to 5 88 38 (43.2%) 41.93*** 

Digit Span 86 46 (53.4%) 55.94*** 

Letter-Number Sequencing 45 18 (40%) 19.28*** 

Picture Span 40  21 (52.5%) 25.07*** 
* p< .05, ** p< .01, *** p< .001 
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Table 10 

Overall Performance of Cognitive Flexibility by Total Sample 

 

 

 

 

 

 

 

 

 

 

  

Measures  ≤ 2 SD 
X2 

 Total N (%) 

BRIEF Shifting 66 48 (72.7%) 68.12*** 

NEPSY Switching Trial: Score 24 17 (70.8%) 22.75*** 

NEPSY Category Fluency 39 16 (41%) 16.92*** 

NEPSY Letter Fluency 34 19 (55.9%) 22.95*** 

D-KEFS Trails: Switching Accuracy 48 8 (16.7%) 6.01* 

D-KEFS Semantic Fluency 47  15 (31.9%) 14.76*** 

D-KEFS Phonemic Fluency 47 27 (57.4%) 34.38*** 

D-KEFS V. Fl. Switching Correct 47 17 (36.2%) 17.59*** 

D-KEFS V. Fl. Switching Accuracy 47 16 (34%) 16.15*** 

D-KEFS V. Fl. Repetition Errors 47 21 (44.7%) 23.73*** 

D-KEFS V. Fl. Set Loss Errors 47 11 (23%) 9.55** 

D-KEFS Color-Word: Inhibition Accuracy 46 11 (23.9%) 24.06*** 
* p< .05, ** p< .01, *** p< .001 
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Table 11 

Summary of Hierarchical Regression Analyses and Significant Predictors by Domain a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 GAI 

Externalizing 

Symptoms 

Internalizing 

Symptoms Mood 

In Utero 

Exposure 

Measures of Inhibitory Control      

BRIEF Inhibition  ***    

NEPSY Inhibition Trial: Score ***     

 

Measures of Working Memory 

     

BRIEF Working Memory   **  ** 

CVLT-C Trials 1 to 5 *   ** * 

Working Memory Index (WMI) ***     

Digit Span ***     

Letter-Number Sequencing ***     

Picture Span ***     

 

Measures of Cognitive Flexibility 

     

BRIEF Shifting  * **  * 

NEPSY Category Fluency ***    * 
a Only regressions that were found to remain significant at the final step of the regression model are presented  

* p< .05, ** p< .01, *** p< .001 
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Table 12 

Hierarchical Regression Results for BRIEF Inhibition 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .06 .00 .00 

    GAI -.05 -.45 -.05    

       

Step 2: BASC-2 Indices    .69*** .48 .48*** 

    GAI -.05 -.52 -.05    

    Externalizing   -.67 -7.03*** -.66    

    Internalizing -.07 -.74 -.07    

       

Step 3: Diagnoses    .71*** .50 .02 

    GAI -.05 -.56 -.05    

    Externalizing   -.64 -6.16*** -.58    

    Internalizing -.10 -.97 -.09    

    Anxiety  .12 1.26 .12    

    Behavior   -.09 -.91 -.08    

    Mood .00 .05 .00    

       

Step 4: Maltreatment    .73*** .52 .02 

    GAI .01 .07 .01    

    Externalizing   -.60 -5.52*** -.52    

    Internalizing -.08 -.75 -.07    

    Anxiety  -12 1.29 .12    

    Behavior   -.15 -1.32 -.12    

    Mood .01 .14 .01    

    In Utero Exposure  -.09 -.86 -.08    

    Acts of Commission -.11 -.95 -.09    

    Acts of Omission .11 1.05 .10    

N = 61; * p < .05, ** p < .01, *** p < .001 
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Table 13  

Hierarchical Regression Results for NEPSY Inhibition Trial: Score 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .56*** .32 .32*** 

    GAI .56 3.97*** .56    

       

Step 2: BASC-2 Indices    .61** .38 .06 

    GAI .58 4.12*** .58    

    Externalizing   -.07 -.46 -.06    

    Internalizing .25 1.72 .24    

       

Step 3: Diagnoses    .65** .42 .04 

    GAI .62 4.18*** .59    

    Externalizing   -.01 -.03 -.01    

    Internalizing .20 1.27 .18    

    Anxiety  -.18 -.96 -.14    

    Behavior   -.05 -.30 -.04    

    Mood .05 .33 .05    

       

Step 4: Maltreatment    .70* .48 .06 

    GAI .62 4.17*** .59    

    Externalizing   .03 .22 .03    

    Internalizing .22 1.39 .20    

    Anxiety  -.21 -1.06 -.15    

    Behavior   -.05 -.29 -.04    

    Mood .13 .81 .12    

    In Utero Exposure  -.18 -1.00 -.14    

    Acts of Commission .10 .49 .07    

    Acts of Omission .12 .68 .10    

N = 35; * p< .05, ** p< .01, *** p< .001 
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Table 14  

Hierarchical Regression Results for NEPSY Inhibition Subtest Errors 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .52** .27 .27** 

    GAI .52 3.18** .52    

       

Step 2: BASC-2 Indices    .57* .32 .05 

    GAI .54 3.33** .54    

    Externalizing   -.01 -.07 -.01    

    Internalizing .24 1.40 .23    

       

Step 3: Diagnoses    .62 .39 .07 

    GAI .61 3.45** .56    

    Externalizing   .06 .35 .06    

    Internalizing .22 1.19 .19    

    Anxiety  -.22 -1.04 -.17    

    Behavior   -.03 -.14 .02    

    Mood -.17 -.96 -.16    

       

Step 4: Maltreatment    .65 .42 .03 

    GAI .63 3.42** .58    

    Externalizing   .09 .47 .08    

    Internalizing .25 1.23 .21    

    Anxiety  -.27 -1.15 -.19    

    Behavior   -.06 -.27 -.05    

    Mood -.21 -1.08 -.18    

    In Utero Exposure  -.10 -.47 -.08    

    Acts of Commission -.08 -.35 -.06    

    Acts of Omission .16 .84 .14    

N = 29; * p< .05, ** p< .01, *** p< .001 
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Table 15  

Hierarchical Regression Results for D-KEFS Color-Word: Inhibition Accuracy 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .41** .17 .17** 

    GAI .41 2.90** .41    

       

Step 2: BASC-2 Indices    .48* .23 .06 

    GAI .44 3.14** .44    

    Externalizing   -.01 -.05 -.01    

    Internalizing -.25 -1.77 -.25    

       

Step 3: Diagnoses    .50 .25 .02 

    GAI .42 2.70** .38    

    Externalizing   -.03 -.15 -.02    

    Internalizing -.24 -1.44 -.21    

    Anxiety  .06 .34 .05    

    Behavior   .10 .58 .08    

    Mood .12 .73 .10    

       

Step 4: Maltreatment    .51 .26 .01 

    GAI .46 2.44* .36    

    Externalizing   .00 .02 .00    

    Internalizing -.24 -1.33 -.19    

    Anxiety  .08 .45 .07    

    Behavior   .04 .21 .03    

    Mood .12 .78 .12    

    In Utero Exposure  -.11 -.68 -.10    

    Acts of Commission -.11 -.60 -.09    

    Acts of Omission .02 .11 .02    

N = 43; * p< .05, ** p< .01, *** p< .001 
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Table 16  

Hierarchical Regression Results for BRIEF Working Memory 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .02 .00 .00 

    GAI .02 .17 .02    

       

Step 2: BASC-2 Indices    .45** .20 .20** 

    GAI .04 .36 -.02    

    Externalizing   -.31 -2.65** -.31    

    Internalizing -.26 -2.24* -.26    

       

Step 3: Diagnoses    .50* .26 .06 

    GAI .02 .24 .02    

    Externalizing   -.27 -2.13* -.24    

    Internalizing -.32 -2.56* -.29    

    Anxiety  .20 1.76 .20    

    Behavior   -.13 -1.05 -.12    

    Mood .08 .68 .08    

       

Step 4: Maltreatment    .64*** .41 .15** 

    GAI -.07 -.56 -.07    

    Externalizing   -.21 -1.77 -.23    

    Internalizing -.38 -3.19** -.40    

    Anxiety  .22 2.02 .21    

    Behavior   -.20 -1.59 -.17    

    Mood .15 1.39 .14    

    In Utero Exposure  -.40 3.27** -.36    

    Acts of Commission .02 1.89 .02    

    Acts of Omission -.06 -.50 -.05    

N = 61; * p < .05, ** p < .01, *** p < .001 
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Table 17  

Hierarchical Regression Results for CVLT-C Trials 1 to 5 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .25* .06 .06* 

    GAI .25 2.32* .25    

       

Step 2: BASC-2 Indices    .27 .07 .01 

    GAI .25 2.36* .25    

    Externalizing   -.01 -.12 -.01    

    Internalizing -.09 -.83 -.09    

       

Step 3: Diagnoses    .38 .14 .07 

    GAI .30 2.76** .29    

    Externalizing   .03 .24 .03    

    Internalizing -.08 -.74 -.07    

    Anxiety  -.01 -.05 .01    

    Behavior   -.12 -1.05 -.11    

    Mood -.26 -2.40* -.25    

       

Step 4: Maltreatment    .46* .21 .07 

    GAI .29 2.62* .27    

    Externalizing   -.01 -.15 -.01    

    Internalizing -.06 -.53 -.05    

    Anxiety  -.03 -.32 -.03    

    Behavior   -.07 -.62 -.07    

    Mood -.31 -2.80** -.29    

    In Utero Exposure  .26 2.25* .23    

    Acts of Commission .00 .03 .00    

    Acts of Omission -.08 -.68 -.07    

N = 83; * p< .05, ** p< .01, *** p< .001 
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Table 18  

Hierarchical Regression Results for Digit Span 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    49*** .24 .24*** 

    GAI .49 5.06*** .49    

       

Step 2: BASC-2 Indices    .50*** .25 .01 

    GAI .49 5.05*** .49    

    Externalizing   -.04 -.39 -.04    

    Internalizing -.06 -.59 -.06    

       

Step 3: Diagnoses    .56*** .31 .06 

    GAI .44 4.52*** .43    

    Externalizing   -.10 -.98 -.09    

    Internalizing -.03 -.23 -.02    

    Anxiety  -.01 -.10 -.01    

    Behavior   .22 2.14* .20    

    Mood .18 1.77 .17    

       

Step 4: Maltreatment    .57*** .32 .01 

    GAI .46 4.36*** .42    

    Externalizing   -.10 -.94 -.09    

    Internalizing -.01 -.09 -.01    

    Anxiety  -.02 -.16 -.01    

    Behavior   .20 1.85 .18    

    Mood .16 1.55 .15    

    In Utero Exposure  -.04 -.37 -.04    

    Acts of Commission -.09 -.80 -.08    

    Acts of Omission -.01 -.08 -.01    

N = 81; * p< .05, ** p< .01, *** p< .001 
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Table 19  

Hierarchical Regression Results for Letter-Number Sequencing 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .46** .22 .22** 

    GAI .46 3.35** .46    

       

Step 2: BASC-2 Indices    .48* .23 .01 

    GAI .45 3.22** .45    

    Externalizing   -.09 -.62 -.09    

    Internalizing .10 .71 .10    

       

Step 3: Diagnoses    .57* .33 .10 

    GAI .42 3.01** .41    

    Externalizing   -.23 -1.49 -.20    

    Internalizing .21 1.41 .19    

    Anxiety  -.09 -.65 -.09    

    Behavior   .35 2.22* .30    

    Mood .09 .61 .08    

       

Step 4: Maltreatment    .65* .42 .09 

    GAI .52 3.55*** .47    

    Externalizing   -.15 -.95 -.12    

    Internalizing .23 1.53 .20    

    Anxiety  -.13 -.93 -.12    

    Behavior   .12 .65 .08    

    Mood -.06 -.40 -.05    

    In Utero Exposure  -.32 -1.86 -.25    

    Acts of Commission -.36 -1.93 -.26    

    Acts of Omission -.19 -1.18 -.16    

N = 42; * p< .05, ** p< .01, *** p< .001 
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Table 20  

Hierarchical Regression Results for Picture Span 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .66*** .44 .44 

    GAI .66 5.29*** .66    

       

Step 2: BASC-2 Indices    .66*** .44 .00 

    GAI .66 5.13*** .66    

    Externalizing   -.03 -.22 -.03    

    Internalizing .01 .10 .01    

       

Step 3: Diagnoses    .67** .45 .01 

    GAI .66 4.63*** .62    

    Externalizing   -.04 -.30 -.04    

    Internalizing .01 .08 .01    

    Anxiety  -.06 -.41 -.05    

    Behavior   -.09 -.62 -.08    

    Mood .00 -.01 .00    

       

Step 4: Maltreatment    .70* .48 .03 

    GAI .72 4.48*** .61    

    Externalizing   -.11 -.67 -.09    

    Internalizing .04 .24 .03    

    Anxiety  -.12 -.72 -.09    

    Behavior   -.13 -.86 -.11    

    Mood -.04 -.27 -.04    

    In Utero Exposure  .15 .86 .12    

    Acts of Commission -.09 -.58 -.08    

    Acts of Omission .04 .27 .04    

N = 37; * p< .05, ** p< .01, *** p< .001 
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Table 21  

Hierarchical Regression Results for BRIEF Shifting 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .05 .00 .00 

    GAI -.05 -.41 -.05    

       

Step 2: BASC-2 Indices    .55*** .29 .29*** 

    GAI -.03 -.26 -.03    

    Externalizing   -.40 -3.57*** -.39    

    Internalizing -.30 -2.73** -.30    

       

Step 3: Diagnoses    .56** .30 .01 

    GAI -.02 -.21 -.02    

    Externalizing   -.35 -2.90** -.33    

    Internalizing -.35 -2.84** -.32    

    Anxiety  .04 .39 .04    

    Behavior   -.11 -.88 -.09    

    Mood .03 .27 .03    

       

Step 4: Maltreatment    .62*** .37 .08 

    GAI -.05 -.45 -.05    

    Externalizing   -.33 -2.64* -.28    

    Internalizing -.36 -2.97** -.32    

    Anxiety  .04 .39 .04    

    Behavior   -.18 -1.40 -.15    

    Mood .06 .57 .06    

    In Utero Exposure  -.31 -2.52* -.27    

    Acts of Commission -.10 -.78 -.08    

    Acts of Omission -.07 -.58 -.06    

N = 61; * p< .05, ** p< .01, *** p< .001 

  



 139 

Table 22 

Hierarchical Regression Results for NEPSY Switching Trial: Score 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .43* .19 .19* 

    GAI .43 2.13* .43    

       

Step 2: BASC-2 Indices    .50 .25 .06 

    GAI .54 2.43* .49    

    Externalizing   .09 .41 .08    

    Internalizing .25 1.08 .22    

       

Step 3: Diagnoses    .69 .47 .22 

    GAI .49 2.32* .44    

    Externalizing   .28 1.26 .24    

    Internalizing .02 .10 .02    

    Anxiety  .27 1.00 .19    

    Behavior   -.69 -2.32* -.44    

    Mood -.15 -.75 -.14    

       

Step 4: Maltreatment    .70 .49 .02 

    GAI .55 2.20* .45    

    Externalizing   .33 1.28 .26    

    Internalizing .05 .19 .04    

    Anxiety  .21 .64 .13    

    Behavior   -.72 -1.97 -.40    

    Mood -.15 -.71 -.14    

    In Utero Exposure  -.08 -.27 -.06    

    Acts of Commission -.22 -.22 -.05    

    Acts of Omission .14 .57 .12    

N = 21; * p< .05, ** p< .01, *** p< .001 
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Table 23  

Hierarchical Regression Results for NEPSY Category Fluency 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .59*** .34 .34*** 

    GAI .59 4.31*** .59    

       

Step 2: BASC-2 Indices    .60** .35 .01 

    GAI .59 4.21*** .59    

    Externalizing   -.01 -.09 -.01    

    Internalizing -.08 -.48 -.07    

       

Step 3: Diagnoses    .62* .39 .04 

    GAI .57 3.92*** .56    

    Externalizing   -.06 -.37 -.05    

    Internalizing -.02 -.12 -.02    

    Anxiety  .16 .73 .10    

    Behavior   .03 .14 .02    

    Mood -.03 -.20 -.03    

       

Step 4: Maltreatment    .71* .50 .11 

    GAI .57 4.04*** .55    

    Externalizing   -.16 -.96 -.12    

    Internalizing -.03 -.21 -.03    

    Anxiety  .27 1.19 .16    

    Behavior   .05 .24 .03    

    Mood -.02 -.11 -.02    

    In Utero Exposure  .42 2.41* .33    

    Acts of Commission .19 .99 .14    

    Acts of Omission .01 .07 .01    

N = 36; * p< .05, ** p< .01, *** p< .001 
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Table 24  

Hierarchical Regression Results for NEPSY Letter Fluency 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .55*** .30 .30*** 

    GAI .55 3.61*** .55    

       

Step 2: BASC-2 Indices    .58** .34 .04 

    GAI .55 3.58*** .55    

    Externalizing   -.03 -.17 -.03    

    Internalizing .20 1.18 .18    

       

Step 3: Diagnoses    .61 .37 .03 

    GAI .53 3.27** .52    

    Externalizing   -.11 -.56 -.09    

    Internalizing .21 1.15 .18    

    Anxiety  .25 .98 .16    

    Behavior   -.24 -1.01 -.16    

    Mood .05 .32 .05    

       

Step 4: Maltreatment    .68 .46 .90 

    GAI .54 3.22** .51    

    Externalizing   -.14 -.64 -.10    

    Internalizing .78 1.01 .16    

    Anxiety  .32 1.12 .18    

    Behavior   -.24 -1.04 -.16    

    Mood .04 .22 .04    

    In Utero Exposure  .32 1.50 24    

    Acts of Commission .16 .73 .12    

    Acts of Omission .23 1.32 .21    

N = 31; * p< .05, ** p< .01, *** p< .001 
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Table 25  

Hierarchical Regression Results for D-KEFS Trails: Switching Accuracy 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .15 .02 .02 

    GAI .15 1.03 .15    

       

Step 2: BASC-2 Indices    .31 .10 .08 

    GAI .12 .77 .11    

    Externalizing   -.27 -1.83 -.27    

    Internalizing .01 .06 .01    

       

Step 3: Diagnoses    .39 .15 .05 

    GAI .07 .40 .06    

    Externalizing   -.31 -1.78 -.27    

    Internalizing .09 .52 .08    

    Anxiety  .05 .31 .05    

    Behavior   -.25 -1.50 -.22    

    Mood -.08 -.52 -.08    

       

Step 4: Maltreatment    .49 .24 .09 

    GAI .08 .44 .06    

    Externalizing   -.25 -1.29 -.20    

    Internalizing .02 .12 .02    

    Anxiety  -.24 -.126 -.21    

    Behavior   -.12 -.01 .00    

    Mood .00 -.01 .00    

    In Utero Exposure  -.22 -.31 -.19    

    Acts of Commission .10 .55 .08    

    Acts of Omission .20 1.18 .17    

N = 45; * p< .05, ** p< .01, *** p< .001 
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Table 26  

Hierarchical Regression Results for D-KEFS Semantic Fluency 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .48*** .23 .23*** 

    GAI .48 3.56*** .48    

       

Step 2: BASC-2 Indices    .51** .26 .03 

    GAI .49 3.64*** .49    

    Externalizing   .15 1.11 .15    

    Internalizing -.10 -.75 -.10    

       

Step 3: Diagnoses    .53* .28 .02 

    GAI .54 3.68*** .51    

    Externalizing   .18 1.20 .16    

    Internalizing -.13 -.84 -.11    

    Anxiety  .13 .75 .10    

    Behavior   -.02 -.15 -.02    

    Mood -.10 -.72 -.10    

       

Step 4: Maltreatment    .55 .30 .02 

    GAI .45 2.60* .36    

    Externalizing   .14 .81 .11    

    Internalizing -.13 -.73 -.10    

    Anxiety  .07 .42 .06    

    Behavior   .01 .06 .01    

    Mood -.12 -.82 -.12    

    In Utero Exposure  .02 1.43 .02    

    Acts of Commission .06 .36 .05    

    Acts of Omission -.12 -.75 -.11    

N = 44; * p< .05, ** p< .01, *** p< .001 
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Table 27  

Hierarchical Regression Results for D-KEFS Phonemic Fluency 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .46*** .21 .21*** 

    GAI .47 3.45*** .47    

       

Step 2: BASC-2 Indices    .47* .22 .01 

    GAI .47 3.43*** .47    

    Externalizing   -.02 -.16 -.02    

    Internalizing -.08 -.58 -.08    

       

Step 3: Diagnoses    .53* .28 .06 

    GAI .40 2.71** .37    

    Externalizing   -.14 -.93 -.12    

    Internalizing .04 .22 .03    

    Anxiety  -.16 -1.00 -.14    

    Behavior   .22 1.41 .19    

    Mood .04 .31 .04    

       

Step 4: Maltreatment    .54 .29 .01 

    GAI .41 2.31* .33    

    Externalizing   -.16 -.94 -.13    

    Internalizing .07 .41 .06    

    Anxiety  -.18 -1.05 -.15    

    Behavior   .20 1.15 .16    

    Mood .02 .16 .02    

    In Utero Exposure  .02 .09 .01    

    Acts of Commission -.10 -.59 -.08    

    Acts of Omission -.05 -.32 -.05    

N = 44; * p< .05, ** p< .01, *** p< .001 
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Table 28  

Hierarchical Regression Results for D-KEFS Verbal Fluency Switching: Correct Responses 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .43** .19 .19** 

    GAI .43 3.15** .43    

       

Step 2: BASC-2 Indices    .44* .20 .01 

    GAI .42 2.99** .42    

    Externalizing   -.04 -.30 -.04    

    Internalizing .09 .62 .09    

       

Step 3: Diagnoses    .50 .26 .06 

    GAI .49 3.25** .46    

    Externalizing   .02 .12 .02    

    Internalizing .06 .37 .05    

    Anxiety  .02 .10 .01    

    Behavior   -.16 -.97 -.14    

    Mood -.21 -1.42 -.20    

       

Step 4: Maltreatment    .50 .27 .01 

    GAI .54 2.99** .43    

    Externalizing   .04 .211 .03    

    Internalizing .08 .46 .07    

    Anxiety  .02 .12 .02    

    Behavior   -.18 -.98 -.14    

    Mood -.20 -1.31 -.19    

    In Utero Exposure  .03 .20 .03    

    Acts of Commission -.09 -.51 -.07    

    Acts of Omission .07 .42 .06    

N = 44; * p< .05, ** p< .01, *** p< .001 
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Table 29  

Hierarchical Regression Results for D-KEFS Verbal Fluency Switching: Accuracy 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .17 .03 .03 

    GAI .17 1.15 .17    

       

Step 2: BASC-2 Indices    .25 .05 .02 

    GAI .15 1.03 .15    

    Externalizing   -.11 -.72 -.11    

    Internalizing .10 .66 .10    

       

Step 3: Diagnoses    .32 .10 .05 

    GAI .12 .74 .11    

    Externalizing   -.21 -1.20 -.18    

    Internalizing .19 1.11 .17    

    Anxiety  -.03 -.17 -.03    

    Behavior   .25 1.40 .11    

    Mood -.07 -.42 -.06    

       

Step 4: Maltreatment    .35 .12 .02 

    GAI .19 .95 .15    

    Externalizing   -.17 -.87 -.13    

    Internalizing .19 1.02 .16    

    Anxiety  .00 .02 .00    

    Behavior   .24 1.20 .19    

    Mood -.04 -.25 -.04    

    In Utero Exposure  .06 .32 .05    

    Acts of Commission -.02 -.09 -.01    

    Acts of Omission .16 .87 .14    

N = 44; * p< .05, ** p< .01, *** p< .001 
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Table 30  

Hierarchical Regression Results for D-KEFS Verbal Fluency Repetition Errors 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .14 .02 .02 

    GAI -.14 -.90 -.14    

       

Step 2: BASC-2 Indices    .37 .14 .12 

    GAI -.18 -1.23 -.18    

    Externalizing   -.04 -.30 -.04    

    Internalizing .35 2.38* .35    

       

Step 3: Diagnoses    .40 .16 .02 

    GAI -.14 -.89 -.13    

    Externalizing   -.02 -.15 -.02    

    Internalizing .34 2.02* .30    

    Anxiety  .05 .29 .04    

    Behavior   -.02 -.09 -.01    

    Mood -.15 -.97 -.14    

       

Step 4: Maltreatment    .42 .18 .02 

    GAI -.08 -.41 -.06    

    Externalizing   .00 -.02 .00    

    Internalizing .36 1.94 .29    

    Anxiety  .06 .32 .05    

    Behavior   -.07 -.37 -.05    

    Mood -.15 -.91 -.14    

    In Utero Exposure  -.07 -.40 -.06    

    Acts of Commission -.15 -.79 -.12    

    Acts of Omission .01 .07 .01    

N = 44; * p< .05, ** p< .01, *** p< .001 
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Table 31  

Hierarchical Regression Results for D-KEFS Verbal Fluency Set Loss Errors 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .25 .06 .06 

    GAI .25 1.69 .25    

       

Step 2: BASC-2 Indices    .37 .13 .07 

    GAI .23 1.59 .23    

    Externalizing   -.25 -1.73 -.25    

    Internalizing .10 .69 .10    

       

Step 3: Diagnoses    .44 .19 .06 

    GAI .31 2.00 .29    

    Externalizing   -.16 -.97 -.14    

    Internalizing .03 .21 .03    

    Anxiety  .12 .63 .09    

    Behavior   -.17 -1.01 -.15    

    Mood -.17 -1.09 -.16    

       

Step 4: Maltreatment    .52 .27 .06 

    GAI .49 2.72** .39    

    Externalizing   -.08 -.46 -.06    

    Internalizing .06 .37 .05    

    Anxiety  .15 .89 .12    

    Behavior   -.27 -1.51 -.13    

    Mood -.14 -.92 -.13    

    In Utero Exposure  -.05 -.30 -.04    

    Acts of Commission -.29 -1.60 -.23    

    Acts of Omission .20 1.15 .17    

N = 44; * p< .05, ** p< .01, *** p< .001 
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Table 32  

Hierarchical Regression Results for D-KEFS Color-Word: Switching Accuracy 

 β t sr2 R R2 ∆R 2 

Step 1: Control for IQ    .13 .02 .02 

    GAI .13 .86 .13    

       

Step 2: BASC-2 Indices    .29 .08 .06 

    GAI .12 .77 .12    

    Externalizing   -.27 -1.66 -.26    

    Internalizing .01 .09 .01    

       

Step 3: Diagnoses    .42 .17 .09 

    GAI .06 .39 .06    

    Externalizing   -.31 -1.78 -.27    

    Internalizing .09 .51 .07    

    Anxiety  -.33 -1.88 -.29    

    Behavior   -.09 -.49 -.08    

    Mood -.04 -.25 -.04    

       

Step 4: Maltreatment    .45 .20 .03 

    GAI .08 .44 .06    

    Externalizing   -.25 -1.29 -.20    

    Internalizing .02 .11 .02    

    Anxiety  -.24 -1.26 -.19    

    Behavior   -.12 -.63 -.09    

    Mood .00 -.01 .00    

    In Utero Exposure  -.13 -.76 -.12    

    Acts of Commission .06 .29 .05    

    Acts of Omission .11 .61 .09    

N = 42; * p< .05, ** p< .01, *** p< .001 
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Table 33  

Sensitivity and Specificity of In Utero Exposure as a Predictive Variable of BRIEF Working 

Memory Ratings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Performance: 

Substance exposure 

in utero 

No substance 

exposure in utero Total 

Impaired: ≤ 1.5 SD   33 19 52 

Average: > 1.5 SD 3 11 14 

Total 36 30 66 
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Table 34  

Sensitivity and Specificity of In Utero Exposure as a Predictive Variable of BRIEF Shifting 

Ratings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Performance: 

Substance exposure 

in utero 

No substance 

exposure in utero Total 

Impaired: ≤ 1.5 SD   27 15 42 

Average: > 1.5 SD 10 14 24 

Total 37 29 66 
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Table 35  

Sensitivity and Specificity of In Utero Exposure as a Predictive Variable of CVLT-C 

Performance on Trials 1 to 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Performance: 

Substance exposure 

in utero 

No substance 

exposure in utero Total 

Impaired: ≤ 1.5 SD   10 12 22 

Average: > 1.5 SD 39 27 66 

Total 49 39 88 
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Table 36  

Sensitivity and Specificity of In Utero Exposure as a Predictive Variable of NEPSY Category 

Fluency 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Performance: 

Substance exposure 

in utero 

No substance 

exposure in utero Total 

Impaired: ≤ 1.5 SD   5 4 9 

Average: > 1.5 SD 15 15 30 

Total 20 19 39 
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Figure 1  

Flowchart of data collection and inclusion for final analysis. 

 

 

 


