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Abstract 

Individuals with Alcohol Related Neurodevelopmental Disorder (ARND) and 

Attention-Deficit/Hyperactivity Disorder (ADHD) display similar deficits in behavioural, 

cognitive, and executive dysfunction symptoms; however, the underlying impairment in 

brain function and attention pathways is thought to be different. This study compared 

these two clinical groups, and healthy controls, using psychological assessments and 

functional magnetic resonance imaging (fMRI). The two clinical groups had significantly 

different scores on measures of overall intellectual functioning, working memory, and the 

conjunction trials on the fMRI assessment but could not be differentiated on other 

measures from rating scales, standardized psychological assessments, and performance 

data from fMRI tasks. The fMRI task accuracy variables were strongly correlated with 

related standardized psychological measures. All groups demonstrated difficulties with 

response inhibition compared to attention, and the clinical groups demonstrated more 

difficulties with attention and variability compared to the control group on a computer-

paced Go/No-Go task. The comparison of a self-paced and a computer-paced Go/No-Go 

task indicated that the computer-paced task would be more appropriate to use with fMRI 

to assess cortical activation in response inhibition. It was found that the ADHD group had 

higher levels of cortical activation (indicating that more cognitive effort was require to 

reach the same level of behavioural performance) compared to the ARND group during 

the visual-spatial attention tasks, whereas the ARND group had higher levels of 

activation during the response inhibition and working memory tasks. Despite no 

significant differences in behavioural performance, the fMRI tasks helped to demonstrate 
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different activation patterns that could help distinguish and differentially diagnose these 

two similar groups. 
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 The diagnosis of Fetal Alcohol Spectrum Disorder (FASD) is frequently difficult 

because of overlap of symptoms with other conditions, in particular with the diagnosis of 

Attention-Deficit/Hyperactivity Disorder (ADHD)
1
. A recent meta-analysis (Popova et 

al., 2016) reported that the literature on FASD shows that this diagnosis can be comorbid 

with 428 co-occurring conditions. Individuals given the diagnosis of Alcohol Related 

Neurodevelopmental Disorder (ARND) do not demonstrate all or any of the facial or 

growth features associated with Fetal Alcohol Syndrome (FAS) but still have 

neurodevelopmental and/or cognitive or behavioural abnormalities. Individuals who do 

not demonstrate the facial features associated with FAS but show neurological deficits 

and/or other cognitive or behavioural anomalies may go undiagnosed or be misdiagnosed. 

Accurate diagnosis is vital since many of the secondary disabilities (e.g., mental health 

issues, school drop out, alcohol/drug problems, dependent living, unemployment, etc.) 

can be prevented with appropriate intervention.  

 The majority of research in FASD has examined individuals with FAS or 

individuals with a confirmed history of heavy prenatal alcohol exposure. The research on 

those with the specific diagnosis of ARND is significantly lacking. 

 Recent studies suggest that FASD and ADHD affect different regions of the brain. 

Executive functions, including working memory, response inhibition, and attention are 

found to be significantly affected by prenatal alcohol exposure. It is expected that these 

cognitive functions in ARND will differ from those in ADHD affected individuals and 

healthy control subjects. While the symptoms of ARND and ADHD are similar, the 

underlying dysfunctional neurological pathways may be different resulting in differences 

                                                 
1
 See page xxiii for a list of the abbreviations used in this dissertation. 
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in performance or cortical activation. This dissertation will compare children who were 

diagnosed with ARND to children with ADHD and typical controls.  

Prenatal Alcohol Exposure 

Alcohol has long been recognized as a teratogen that can cause serious effects in a 

growing fetus. In Canada the prevalence rate is estimated at 1 in 100 which suggests that 

330, 000 people in Canada are affected by prenatal exposure to alcohol (Cook et al., 

2015). Prenatal alcohol exposure can cause a wide range of physical, behavioural, and 

cognitive problems, and many of these difficulties will continue to affect the individual 

throughout their life span. There is a wide variety of outcomes associated with prenatal 

alcohol exposure, ranging from severe physical and cognitive impairments to mild 

behavioural challenges to relative normalcy. The wide range of outcomes is 

representative of the continuous nature of alcohol’s behavioural teratogenicity (Mattson 

& Riley, 1998) and may be related to such factors as pattern and quantity of consumption 

and the stage of development of the fetus at the time of exposure (Wacha & Obrzut, 

2007). Previously (prior to the new Canadian diagnostic guidelines published in 2015), 

the term FASD was an umbrella term that was proposed to represent individuals 

demonstrating significant impairments associated with prenatal alcohol exposure. 

Although not a diagnosis itself, it included the diagnoses of Fetal Alcohol Syndrome 

(FAS), Partial Fetal Alcohol Syndrome (pFAS), ARND, and Alcohol Related Birth 

Defects (Paley & O'Connor, 2007). A recent update to the Canadian diagnostic guidelines 

for FASD (Cook et al., 2015) have indicated changes in the diagnostic categories for 

those who were exposed to alcohol prenatally. These changes will be further discussed 

below; however, since the current research study took place before the new guidelines 
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were in effect, the diagnosis of ARND will still be used throughout this paper to reflect 

the diagnosis of the participants at the time they took part in this study. 

Diagnosing FASD 

The diagnosis of FAS, described as one of the most serious possible outcomes of 

prenatal alcohol exposure, was first defined by Jones and Smith (1973) and involved 

having evidence of all three of the following: 1) pre- and/or post-natal growth 

deficiencies, 2) craniofacial anomalies, and 3) central nervous system (CNS) dysfunction. 

Infants with FAS were small for their gestational age and may have continued to show 

growth deficiency as adolescents and adults. Individuals with FAS were shown to have a 

specific pattern of facial anomalies that includes a “characteristic face” defined as short 

palpebral fissures, a flat midface, a short upturned nose, a smooth or long philtrum (the 

ridges running between the nose and the lip), and a thin upper lip (Streissguth, 1997). In 

this definition, CNS dysfunction may include, but is not limited to: microcephaly (small 

size of the brain), hyperactivity, fine or gross motor problems, attentional deficits, 

learning disabilities, and intellectual or cognitive impairments (Streissguth, 1997). 

 Research has shown that the majority of children prenatally exposed to alcohol 

will display only some, if any, of the characteristic physical and facial features of FAS. 

For instance, less than 40% of alcoholic women will give birth to a child with full FAS 

(Abel, 1995). Popova et al. (2016) stated that the prevalence of FASD is potentially 

greater than 10 times the prevalence of FAS. Therefore, the majority of children exposed 

to alcohol will not display the characteristic face and growth abnormalities but will 

demonstrate the cognitive and behavioural deficits associated with prenatal alcohol 

exposure (Kodituwakka, 2007). In a study of 50 Canadian children who were exposed to 
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alcohol prenatally, 92% of the children showed no growth deficiency and 66% showed no 

facial characteristics, but they all demonstrated some evidence of brain dysfunction, such 

as cognitive impairments and attentional deficits (Rasmussen, Horne, & Witol, 2006). 

Bookstein and colleagues (2005) stated that research has indicated that those that are 

prenatally exposed to high levels of alcohol show similar cognitive and behavioural 

deficits regardless of the presence of the facial stigmata that are present in those with 

FAS. For example Kodituwakku, Kalberg and May (2001) reported that people with full 

FAS and those who were alcohol-exposed without meeting criteria for FAS had the same 

degree of deficits in the area of executive functioning. Prior to 2015, the terms pFAS and 

ARND were the standard diagnostic terms for children with confirmed prenatal alcohol 

exposure who did not meet the criteria for FAS (Stratton, Howe, & Battaglia, 1996). 

Popova et al. (2016) stated that ARND is the category with the largest number of affected 

individuals. 

 The Institute of Medicine first defined the diagnostic criteria for FASD in 1996 

(Stratton et al., 1996). Astley and Clarren (2000) later developed a 4-Digit Diagnostic 

Code for FASD which uses quantitative, objective measurement scales and specific case 

definitions. The four digits in the code reflect the magnitude of expression or severity of 

the four key diagnostic features of FAS: growth deficiency, the FAS facial phenotype, 

central nervous system damage or dysfunction, and confirmation of gestational exposure 

to alcohol.  For each feature, the magnitude of expression is ranked on a 4-point scale 

with 1 being complete absence of the feature and 4 being its extreme expression. Many 

diagnosticians use a combination of the Institute of Medicine criteria and the 4-Digit 

Diagnostic Code (Chudley et al., 2005; Nash et al., 2013). Canadian guidelines for 
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diagnosis of FASD were outlined in Chudley et al. (2005) and later updated to reflect 

current research and clinical findings (Cook et al., 2015). The 2005 guidelines were 

meant to integrate and better define the diagnostic process for FASD beyond what has 

been done in the past and the 2015 revised guidelines were required due to the increase in 

research on FASD and to improve both the diagnosis of and outcomes related to FASD 

(Cook et al., 2015).  

 Prior to 2015 the term FASD was not used as a diagnostic label, but as an 

umbrella term that overarched several different diagnoses related to prenatal alcohol 

exposure. The new guidelines suggest two new diagnostic terms. FASD with Sentinel 

Facial Features requires the presence of: all three sentinel facial features (palpebral 

fissure length of more than 2 standard deviations (SDs) below the mean, philtrum rated 4 

or 5 on the 5-point scale of the University of Washington Lip–Philtrum Guide, and upper 

lip rated 4 or 5 on the 5-point scale of the University of Washington Lip–Philtrum 

Guide); confirmed or unknown prenatal alcohol exposure (confirmed exposure is not 

required due to specificity of the three sentinel facial features to FASD); and evidence of 

impairment in 3 or more neurodevelopmental domains (or evidence of microcephaly in 

infants or young children). FASD without Sentinel Facial Features requires evidence of 

impairment in 3 or more neurodevelopmental domains and confirmation of prenatal 

alcohol exposure (Cook et al., 2015) but does not require the presence of all three facial 

features. A third designation could be given which is to be at-risk of neurodevelopmental 

disorder and FASD associated with prenatal alcohol exposure. This designation would be 

given if there is confirmation of prenatal alcohol exposure but 3 or more domains were 

not met (but there is indication of neurodevelopmental disorder and a plausible 
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explanation why assessment results failed to meet criteria) or if all three sentinel facial 

features are present but there is no evidence that 3 or more neurodevelopmental domains 

meet criteria for the diagnosis (Cook et al., 2015). It is noted that growth deficiencies are 

no longer included in the diagnostic criterion in the new guidelines. Popova et al. (2016) 

state that, “the diagnosis of FASD remains challenging and the specific assessment 

techniques used to make the definitive diagnosis are still debated” (pg. 978) and this is 

especially the case with the diagnosis of ARND. 

 Possible neurodevelopmental domains that could be impaired include: motor 

skills (previously hard and soft neurological signs); neuroanatomy/neurophysiology 

(previously brain structure); cognition; language (previously communication); academic 

achievement; memory; attention (previously attention deficit/hyperactivity); executive 

function (including impulse control and hyperactivity); affect regulation; and adaptive 

behaviour, social skills or social communication (Cook et al., 2015). Severe impairment 

in a neurodevelopmental domain is considered present if the global score, or major 

subdomain score, on a standardized measure is more than 2 SDs below the mean, or if 

impairment is indicated by clinical assessment with converging evidence  (i.e. meets 

DSM-V criteria for a specific disorder) for domains not easily assessed by any 

standardized measure (for example the domain of affect regulation). 

 Both the 4-Digit Diagnostic Code and the new Canadian guidelines require 

confirmation of brain dysfunction but it is important to note that this diagnostic criterion 

focuses on the magnitude of dysfunction (number of domains) and not the pattern of 

dysfunction (no specific domains are required to be impaired). The pattern of 
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neuropsychological dysfunction will vary regardless of the diagnosis (Astley et al., 

2009b). 

 Previous research indicated that, as children with a diagnosis of FAS age, many of 

the dysmorphic features and growth abnormalities appear to become less distinct or 

disappear (Streissguth, 1997). This reduction in physical markers of alcohol exposure 

makes the diagnosis of FASD more difficult in adolescents and adults. Adolescents and 

adults diagnosed with FAS as well as those diagnosed with pFAS and ARND can appear 

physically “normal” but may still be severely impaired in cognitive, behavioural, 

emotional and social functioning. According to Canadian diagnostic standards, those 

individuals falling into either of the two FASD diagnostic categories need to demonstrate 

impairment in at least 3 or more central nervous system domains (Chudley et al., 2005; 

Cook et al., 2015). This diagnostic requirement could potentially result in two individuals 

with different diagnoses who may be experiencing the same or very similar cognitive 

impairments or inversely, two individuals with the same diagnosis who have very distinct 

deficits. Many researchers have found that neuropsychological deficits occur to the same 

degree among children with no facial feature or growth abnormalities as those with facial 

and growth abnormalities (Rasmussen et al., 2006) and that similar neurobehavioral 

profiles have been seen across all of the possible diagnoses under the former FASD 

umbrella (Rasmussen et al., 2010).  Paley and O’Connor (2007) note that facial 

anomalies and growth retardation may be the most easily recognized symptoms of 

alcohol exposure but that CNS dysfunction is clearly the most debilitating.  Burd, Klug, 

Martsolf, and Kerbeshian (2003) state that, “Most subjects seem to manage with the 

modest impairment in height and weight that largely disappear by adult life, but they may 
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remain unemployed or be socially impaired to a striking degree from brain damage or 

dysfunction”.    

FASD and Neurodevelopmental Domains 

 Several neurodevelopmental brain domains are examined for possible deficits 

when assessing for FASD. Some of the domains were renamed and reassessed in the new 

2015 Canadian guidelines (Cook et al., 2015) as noted above. The following subsections 

will briefly report on each of the neurodevelopmental domains and research specific to 

FASD. More detail on the domains relevant to the current research (attention, memory, 

and response inhibition) and comparisons to those with ADHD will be examined further 

below.  

Cognition 

 Many studies have found that individuals diagnosed with FASD have lower 

general intellectual functioning based on their full scale IQ (intelligence quotient) scores 

using standardized psychological measures such as the Wechsler scales. Kodituwakku 

(2007) stated that researchers have consistently found diminished intellectual 

performance in children with FASD. Swayze et al. (1997) state that in general, as the 

degree of dysmorphism increases, so does the degree of mental retardation, now referred 

to as Intellectual Disability as renamed according to the DSM-V (American Psychiatric 

Association, 2013). Popova et al. (2016) reported that the prevalence of intellectual 

disabilities in those with a diagnosis of FAS is 97 times higher than the prevalence of 

intellectual disability in the general population of the USA. Studies examining 

intelligence in those with a diagnosis of FASD have reported a great variety of IQ scores 

ranging from 20 (Streissguth et al., 1991) up to 120 (Mattson & Riley, 1998). Most 
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studies have reported IQ’s ranging from the borderline to low average range, 1 to 2 

standard deviations below the mean (Wacha & Obrzut, 2007). Streissguth (1997) 

reported that the mean IQ for an individual with FAS is 79, whereas the mean IQ for an 

individual with pFAS or ARND is 90 (the mean Full Scale IQ score is 100 with a SD of 

15). Mattson, Riley, Gramling, Delis and Jones (1997) found that children with 

confirmed heavy prenatal exposure to alcohol displayed significant intellectual deficits 

regardless of the presence or absence of the physical features of FAS. Many studies, 

however, have reported decreases in intellectual functioning in relation to the degree of 

alcohol exposure based on the FASD diagnosis (Mattson & Riley, 1998). Streissguth 

(1997) reported that intellectual deficits in alcohol exposed children remained relatively 

stable over time with a high test-retest correlation of IQ scores. In a study of 

neurobehavioural functioning, children with FASD performed lowest on the 

Comprehension subtest of the WISC-III (answering questions regarding practical 

knowledge and conventional standards of behaviour) followed by the Vocabulary and 

Arithmetic subtests and highest on the Symbol Search (quickly scanning and making a 

decision regarding the presence or absence of a matching symbol) and Picture 

Arrangement (arranging picture cards to tell a story that makes sense) subtests 

(Rasmussen et al., 2006). They also found that age negatively correlated with Verbal IQ 

and that older children demonstrated poorer verbal skills than younger children. 

 There is some disagreement in the literature that there exists a discrepancy 

between Verbal and Performance IQ in individuals with FASD. Some research has found 

a significant difference between the two areas with Performance IQ being higher than 

Verbal IQ, whereas other studies have not. Mattson and Riley (1998) examined seventeen 
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studies of individuals with FASD and found that ten of these studies showed no 

differential effect of prenatal alcohol exposure on verbal versus nonverbal abilities. 

Factors such as the social and ethnic backgrounds of the individuals as well as amount of 

alcohol exposure may have accounted for differences in the findings (Kodituwakka, 

2007; Rasmussen et al., 2006). Studies involving children with confirmed heavy 

exposure, as opposed to children with lower levels of exposure, have shown comparable 

decreases in both Verbal and Performance IQ’s (Mattson et al., 1997)(Mattson, Riley, 

Gramling, Delis, & Jones, 1997). 

 Although many studies have reported below average intelligence, there are 

individuals with FASD who have average to above average intelligence (Kerns, Don, 

Mateer, & Streissguth, 1997). Mattson and Riley (1998) indicated that the alcohol 

exposure levels in these studies were very low and may have accounted for the findings. 

They also stated that confounding factors in other studies such as culture or 

socioeconomic status, parental IQ, medication usage, and other co-morbid disorders 

effects may have influenced the results (Mattson & Riley, 1998) and these factors are not 

always easily controllable in research on FASD. 

Language 

 Individuals with FASD are often verbose and may appear to have sufficient 

language skills, but this is often at a superficial level. Due to this superficial fluency with 

language, Paley and O’Connor (2007) state that deficits in speech and language are often 

overlooked in those with FASD. These deficits can include speech disorders, receptive 

and expressive language difficulties, difficulties with naming and word comprehension, 

and poor semantics, syntax, and pragmatics. Both receptive language disorders and 
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expressive language disorders were among the five comorbid conditions with the highest 

prevalence in those with a diagnosis of FAS (Popova et al., 2016). 

Academic Achievement 

  School problems are very common among children with FASD and include 

lagging academic skills and a greater likelihood of dropping out of school before 

graduation (Paley & O'Connor, 2007). Only one in four individuals with FASD graduate 

high school and their average level of academic functioning ranges from the second to 

fourth grade level (Streissguth, 1997). Kerns et al. (1997) reported that individuals with 

FAS who had average IQ scores demonstrated average academic achievement, although 

their scores for arithmetic were much lower than reading and spelling and lower than 

what was expected based on their IQ. Children with FAS with average IQ scores also 

demonstrated difficulties in initial learning but retained what they learned, whereas 

children with FAS with below average IQ’s demonstrated marked deficits in the amount 

of new information they were able to acquire (Kerns et al., 1997). Children with FASD 

are at a greater risk for learning disorders and are more likely to be in need of special 

services in schools such as one-on-one assistance (Paley & O'Connor, 2007). 

Adaptive Behaviour, Social Skills or Social Communication 

 Children with FASD have been noted to have many difficulties with adaptive 

functioning, social skills, and social communication. Adaptive functioning includes key 

aspects of independent living such as managing money, household duties, employment, 

coping, and personal hygiene (Cook et al., 2015). A lack in competence social skills can 

lead to victimization and the inability to maintain employment and find a successful 

living arrangement (Cook et al., 2015). Kaemingk and Paquette (1999) reported that the 



                                                                                            ARND, ADHD and fMRI   13 

average level of adaptive functioning for an individual with FASD was equivalent to that 

of a seven-year-old child. Researchers have reported significant impairment across all 

three domains (Communication, Daily Living, and Socialization) of the Vineland 

Adaptive Behavior Scales (Streissguth et al., 2004).  Specific deficits lie in socialization 

and social skills in measures of adaptive functioning (Thomas, Kelly, Mattson, & Riley, 

1998; LaDue, Streissguth, & Randels, 1992). These social deficits often become more 

pronounced in adolescence due to the more complex nature of social demands at this age 

(Kodituwakka, 2007). Kodituwakku believes it is reasonable to conclude that children 

with FASD experience greater difficulty with relatively complex adaptive tasks than with 

simple ones (such as daily living skills). 

 Children with FASD often demonstrate deficits in social skills, judgment, and 

ability to interpret social cues, and they have been noted to be overly demanding of 

attention, stubborn, and boastful; have an inability to respect personal boundaries; and are 

impulsive, uninhibited, and demonstrate a lack of cooperation (Mattson, Schoenfeld, & 

Riley, 2001). Deficits in social skills do not appear to be due to general cognitive delays 

alone because children with FASD have shown greater impairments socially when 

compared to non-exposed children with similar levels of cognitive delay (Thomas et al., 

1998). Deficits in social skills also often lead to difficulties with peers and romantic 

relationships in adolescence (Paley & O'Connor, 2007). 

 Motor Skills 

 Motor skills as defined in the 2015 updated Canadian diagnostic guidelines (Cook 

et al., 2015) include fine and gross motor skills, graphomotor skills, and visual-motor 

integration. Fine and gross motor development has been shown to be affected by prenatal 
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alcohol exposure (Wacha & Obrzut, 2007). Children with FASD have demonstrated 

weaknesses in tasks such as copying increasingly difficult geometric figures and placing 

pegs into a pegboard, which are measures of fine motor speed, coordination, and visual-

motor integration (Mattson, Riley, Gramling, Delis, & Jones, 1998).  

 There are few published studies examining visual perceptual skills in children 

with FASD (Kodituwakka, 2007). These studies indicate that children with FASD have 

relatively unimpaired visual perception (e.g., facial recognition) but are markedly 

impaired on visual construction (Uecker & Nadel, 1996). Children with FASD performed 

as well as controls on tasks assessing visual matching but exhibited difficulty with 

drawing tasks that required planning and visual-motor integration (Uecker & Nadel, 

1996). They were also impaired in copying and recalling local features of hierarchical 

stimuli (Mattson, Gramling, Delis, Jones, & Riley, 1996). These findings indicate that 

children with FASD demonstrate impairments in visual perceptual tasks that require an 

integration of information and “higher-order cognitive skills” (Kodituwakka, 2007).  

Memory 

 Prenatal alcohol exposure is associated with deficits in both visual and verbal 

learning and memory (Kodituwakka, 2007). Connor, Sampson, Bookstein, Barr and 

Streissguth (2000) reported that individuals with FASD had difficulties maintaining and 

manipulating information in working memory. Rasmussen et al. (2006) found that 

children with FASD performed well below average on psychological measures of 

attention/concentration and verbal delayed and immediate memory. Children with FASD 

demonstrated greater impairments on free recall tasks than on tasks assessing recognition 
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memory, and explicit memory appears to be more compromised than implicit memory 

(Rasmussen et al., 2006). 

Executive Functions  

 The Executive Functions can be defined as a “collection of processes that are 

responsible for guiding, directing, and managing cognitive, emotional, and behavioural 

functions, particularly during active, novel problem solving” (Gioia, Isquith, Guy, & 

Kenworthy, 2000). This collection of functions (i.e. behavioural inhibition, working 

memory, planning, organizing, set-shifting) is responsible for purposeful, goal-directed, 

problem-solving behaviour and relates to the highest levels of cognition: anticipation, 

judgement, self-awareness, and decision making (Gioia et al., 2000). Deficits in 

Executive Functioning could interfere with daily functioning by impeding activities of 

daily living, limiting independence, and hindering effective social interaction (Mattson, 

Goodman, Caine, & Riley, 1999). There are both cognition-based and emotion-based 

aspects of executive functioning and research indicates that children with FASD are 

impaired in both of these aspects. Mattson and colleagues (1999) reported that regardless 

of the diagnosis, alcohol exposed children performed lower than a control group on tasks 

involving planning, abstract thinking, flexibility, and response inhibition, and often 

repeated responses or problem solving approaches that did not work in the past. Conner 

and colleagues (2000) reported that "tests that are directly affected by prenatal alcohol 

damage appear to be assessing the ability to shift tasks, maintain complex attention, 

perform visuospatially-mediated tasks, and maintain and manipulate information in 

working memory despite distractions". Rasmussen et al. (2006) found that planning, 

organizing, and working memory are particularly difficult for children with FASD. 
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Clinical reports have frequently described alcohol exposed individuals as having great 

difficulty learning from previous experience and they demonstrate difficulty in predicting 

that the same behaviour will produce the same results (Rasmussen et al., 2006). In a 

similar vein, children with FASD often seem to be unable to learn from negative 

consequences (Paley & O'Connor, 2007). 

 A recent meta-analysis examined the level of executive functioning impairment 

reported in dysmorphic versus non-dysmorphic alcohol exposed children (Kingdon, 

Cardoso, & McGrath, 2016). This research team found that children with dysmorphic 

facial and growth features demonstrated the strongest and most consistent deficits in 

planning, set-shifting, fluency, and working memory. They also had moderate deficits in 

attentional vigilance and response inhibition. Non-dysmorphic children showed a similar 

pattern of deficits for the strong and consistent deficits mentioned above but had no 

differences compared to controls on attentional vigilance and inhibition. They indicated 

that difficulties with vigilance and inhibition are more weakly related to FASD than other 

EF deficits. 

Attention  

Attention deficits are considered by some to be a hallmark feature of prenatal 

alcohol exposure. Attention deficits have regularly been identified as a significant 

problem for individuals with FASD because they can lead to further challenges in 

academics, social functioning, employment, and daily living skills (Connor et al., 2000). 

Nanson and Hiscock (1990) state that children with FASD are frequently described as 

hyperactive, distractible, impulsive, and inattentive. Even “social” amounts of drinking 

have been linked to children who display inattentive, fidgety, and restless behaviour. 
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Streissguth et al. (1994) stated that the earliest manifestations of attentional-type deficits 

were on measures of habituation to redundant stimuli that were administered on the first 

day of life. Evidence of neonatal attention deficits prior to any contact with postnatal 

environments supports the idea that these deficits are neurologically based (Streissguth et 

al., 1994).  Individuals with FASD have deficits in most neurochemical systems 

including dopaminergic, noradrenergic, serotonergic, cholinergic, glutamatergic, 

GABAergic, and histaminergic. The deficits seen in the dopaminergic and noradrenergic 

systems most likely relate to the hyperactive and inattentive symptoms seen in 

individuals with FASD (O'Malley, 2008; Peadon & Elliott, 2010). It is noted that 

hyperactivity is now included in the Executive Function domain in the new guidelines 

(Cook et al., 2015); however, in previous research attention and hyperactivity were often 

studied together. Attention issues and comparisons between those with FASD and ADHD 

will be examined further below.  

Affect Regulation 

 In a sample of children referred to a fetal alcohol diagnostic clinic, 87% met the 

criteria for a psychiatric disorder with 61% exhibiting symptoms of a mood disorder 

(O'Connor et al., 2002). Streissguth et al. (Streissguth et al., 2004) also reported that a 

significant number of adolescents in a long term follow-up study also developed 

emotional problems. Of those diagnosed with depression, 40% will make suicidal threats, 

and 25% will attempt suicide (Streissguth, 1997). Many of the deficits experienced by 

those with FASD contribute to a wide range of behavioural and mental health outcomes. 

In a long term follow-up of individuals with FASD, Streissguth et al. (2004) found that 

the prevalence rates of adverse outcomes were very high, with 61% having disrupted 
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school experience, 60% having trouble with the law, 50% experiencing confinement, 

49%  demonstrating inappropriate sexual behaviours, and 35% demonstrating alcohol and 

drug abuse. Adults with FASD are more likely to experience employment problems and 

are much less likely to be able to live independently (Streissguth & O'Malley, 2000). 

Significantly increased risks of ADHD, learning disability, developmental disability, and 

social skill problems were also found in individuals with FASD when compared to 

controls (Burd, Cotsonas-Hassler, & Martsolf, 2003). Burd et al. (2003) also found that 

individuals with FASD had a significantly higher likelihood of experiencing two or more 

co-morbid mental disorders. 

Neuroanatomy/Neurophysiology 

 This neurodevelopmental brain domain includes evidence of a smaller head 

circumference, seizure disorder, or brain imaging that provides evidence of structural 

brain abnormalities (Cook et al., 2015). Brain structure and common brain abnormalities 

will be addressed in detail in further sections below. 

Despite a significant amount of research that has been completed with individuals 

with FASD, a unique profile of neurobehavioral deficits among children with FASD is 

still being developed (Nash et al., 2013; Stevens et al., 2013). Two recent publications 

examined differences in a large sample of children, those who had been diagnosed with 

FASD and those who were exposed to alcohol but had not been given a diagnosis (Nash 

et al., 2013; Stevens et al., 2013). They reported on a distinct neuropsychological profile 

including deficits in standardized measures of verbal reasoning, memory, overall 

language function, math reasoning and math calculation. However, they did not find 

differences between their groups on neuropsychological measures of attention and 
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executive function which have been commonly reported in other studies. When the 

results of caregiver and teacher rating scales were examined (Stevens et al., 2013), they 

found that those who received an FASD diagnosis had significantly higher levels of 

internalizing, externalizing, and attentional problems compared to the exposed group who 

did not receive a diagnosis. However, it was also reported that the exposed but not 

diagnosed groups’ scores on many domains were also clinically elevated, indicating that 

the functional difference between these groups may be small, despite being clinically 

significant. Cook and colleagues (2015) stated that there is no single neuropsychological 

measure or regularly occurring pattern of profiles that are specific to those with FASD. 

This is likely due to several factors including, but not limited to, variations in the timing 

and amount of prenatal alcohol exposure.  

Attention Deficit Hyperactivity Disorder (ADHD) 

 ADHD is a common developmental disorder of childhood with a prevalence rate 

of 5% in school aged children according to the Diagnostic and Statistical Manual of 

Mental Disorders - Fifth Edition (American Psychiatric Association, 2013). It is 

characterized by a persistent pattern of inattention and/or hyperactivity-impulsivity that 

interferes with functioning or development. The DSM-V identifies ADHD as having 18 

core symptoms, with nine symptoms of inattention and nine symptoms of hyperactivity/ 

impulsiveness. There are three subtypes of ADHD: predominantly inattentive 

presentation (requiring six or more of the nine inattentive symptoms); predominantly 

hyperactive/impulsive presentation (requiring six or more of the nine 

hyperactive/impulsive symptoms); and a combined presentation (which requires six or 

more symptoms in both categories).  
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 ADHD is often co-morbid with other psychological disorders including conduct 

disorder and oppositional defiant disorder, mood disorders, anxiety disorders, and 

learning disorders (O'Malley & Nanson, 2002). Besides the difficulties with attention and 

hyperactivity, children with ADHD are characterized as impulsive with deficits in several 

areas of cognitive functioning, including aspects of executive functioning such as 

response inhibition and sustained attention (Kuntsi et al., 2010). The impairments 

associated with ADHD can be tremendous and can affect multiple domains of a child’s 

life including academics, family life, and peer interactions (Madaan et al., 2008). If left 

untreated, additional problems may evolve including substance abuse, motor vehicle 

accidents, sexually transmitted diseases, and legal difficulties. As these children progress 

into adulthood, they may face limited occupational attainment, emotional distress, and 

marital difficulties (Madaan et al., 2008). 

  Co-morbidity of ADHD and FASD and Diagnostic Issues 

 There is a very high rate of co-morbidity between FASD and ADHD, with over 

60% of children with FASD exhibiting attentional deficits and many receiving 

psychiatric diagnoses of attention disorders (Mattson, Calarco, & Lang, 2006; Rasmussen 

et al., 2010). Various studies have reported that between 40 and 95 percent of individuals 

in their FASD groups have also been diagnosed with ADHD (Burd, Klug, Martsolf, & 

Kerbeshian, 2003; Rasmussen et al., 2010; Greenbaum, Stevens, Nash, Koren, & Rovet, 

2009; Greenbaum et al., 2009; Nash et al., 2013). Paley and O’Connor (2007) along with 

other researchers (Peadon & Elliott, 2010) have reported that children with FASD are 

most commonly diagnosed as the inattentive subtype of ADHD. These researchers also 

reported that the prevalence rates of ADHD appear to increase significantly with 
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increasing levels of prenatal alcohol exposure. In a recent meta-analysis (Popova et al., 

2016) it was reported that, despite not being in the highest five comorbid conditions, an 

ADHD diagnosis had a 51.2% prevalence (95% Confidence Interval of 23.6 to 78.4) in 

those with a diagnosis of FAS. However, Glass et al. (2013) reported that children with 

heavy prenatal alcohol exposure are more impaired than controls regardless of a co-

morbid ADHD diagnosis and having a co-morbid diagnosis did not differentiate groups 

of children with prenatal alcohol exposure.  

 Hyperactivity is also a common problem amongst children with FASD and 

ADHD. Some researchers think that early childhood activity levels may be more 

sensitive indicators of alcohol’s teratogenicity than the physical features (Mattson & 

Riley, 1998). Children with FASD have been described as hyperactive and irritable, 

“always on the go,” and restless/in constant motion (Mattson & Riley, 1998).  

Nanson and Hiscock (1990) reported that there are a number of minor anomalies 

of the face, hands and feet that are associated with hyperactivity, including decreased 

head circumference, epicanthic folds, low set ears, high arched palate, and incurved fifth 

finger. These anomalies can be found in children with ADHD as well as FASD, 

suggesting that many children diagnosed with ADHD may have been exposed to “social” 

amounts of alcohol prenatally. 

 Children with ADHD (without exposure) and children with FASD and ADHD 

present with many of the same behavioural and neuropsychological impairments 

(Kingdon et al., 2016; Greenbaum et al., 2009; Peadon & Elliott, 2010; Rasmussen et al., 

2010; Mattson et al., 2013; Glass et al., 2013). However, while FASD and ADHD show a 

high rate of co-morbidity and have similar neuropsychological impairment, the clinical 
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presentation of ADHD in children with FASD has been shown by some research studies 

to be quite distinct from ADHD without prenatal alcohol exposure (O'Malley, 2008; 

Peadon & Elliott, 2010). ADHD symptoms in children with prenatal alcohol exposure 

may have an earlier onset and can present as a regulatory disorder in the infant and 

toddler years (Rasmussen et al., 2010; Peadon & Elliott, 2010). Specifically, these infants 

display a difficult to settle or slow-to-warm temperament style. These infant temperament 

profiles can often cause interaction issues with the caregiver that can later result in 

attachment issues for both caregiver and child. In addition to the early difficulties, 

individuals diagnosed with FASD and ADHD may be more difficult to treat later in life 

and may present with additional psychiatric and medical co-morbidities (Rasmussen et 

al., 2010).   

Due to the behavioural and symptomatic similarities of children with ADHD and 

those who were prenatally exposed to alcohol, many children with ARND may be 

improperly diagnosed primarily with ADHD and given psychostimulant medication, 

which may not be sufficient to reduce all of the challenging aspects of FASD (Nash et al., 

2006). This issue with diagnosis is particularly problematic if the history of exposure to 

alcohol is unclear or if questions about alcohol use during pregnancy are not discussed 

during assessment.  

In many studies examining ADHD, information regarding prenatal alcohol 

exposure is not collected and questions regarding maternal alcohol use not asked (Page, 

2001). There is a possibility, given the close connection between FASD and attentional 

deficits, that in some cases, a diagnosis of ADHD may be secondary to an FASD 

diagnosis. This is especially true in cases where maternal alcohol use cannot be 
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accurately and adequately documented, as in the case of adoption or foster care 

(Zevenbergen & Ferraro, 2001).  This lack of information regarding maternal alcohol use 

and its possible implications has been overlooked in the ADHD literature, but is 

extremely important and may account for some of the variability that has been 

documented in the literature regarding the differences between ADHD and FASD.  

If children are diagnosed with ADHD instead of FASD they may be provided 

with programming or treatment that is geared toward remediation without the recognition 

or appreciation of the significant underlying brain dysfunction and damage caused by 

prenatal exposure to alcohol (Rasmussen et al., 2010). This could lead to these children 

being seen as “bad” or “untreatable”, when in fact, they must be approached in a different 

manner that takes into account the brain damage associated with FASD.  

Nash et al. (2006) found that  twelve items on the Child Behavior Checklist could 

successfully discriminate children with FASD from controls and from those with ADHD. 

They reported that children with FASD displayed problems with attention deficits and 

hyperactivity, as did children with ADHD, but that the FASD group also displayed more 

troubling symptoms such as a lack of guilt after episodes of misbehaving, cruelty, lying, 

theft, and a tendency to act young for their age. Further research on these test items, now 

compiled into a Neurobehavioral Screening Tool, indicated that this tool can help identify 

children who were exposed to alcohol and are in need of formal assessment and 

intervention for FASD (LaFrance et al., 2014). However, the sensitivity of the tool was 

not found to be extremely strong for all children exposed to alcohol in identifying those 

that had already received a diagnosis. This may be due to diagnostic criteria differences 
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found across settings. The tool was shown to be more sensitive with higher levels of CNS 

dysfunction and for adolescents. 

A study comparing a large group of children with heavy alcohol exposure to those 

with ADHD and healthy controls (Mattson et al., 2013) sought to classify these groups 

based on performance on measures of executive functioning and cognitive functioning. 

They found that the ability to accurately classify children with alcohol exposure from 

controls was statistically significant. They also reported that the ability to accurately 

distinguish those with alcohol exposure from those with ADHD was significant; 

however, when a cohort from South Africa (significantly different on some demographic 

variables) was removed from the analysis the ability to classify the groups was no longer 

significant and did not support a unique profile of alcohol exposure between the two 

groups. The authors indicated that additional study is needed to better define a profile of 

neuropsychological functioning that will distinguish those with FASD from those with 

ADHD (Mattson et al., 2013). 

Neuropsychological Studies of FASD and ADHD 

 The following subsections will examine the results from neuropsychological 

studies in three specific areas of executive functioning in children with FASD and 

ADHD. Attention (including visuo-spatial attention), working memory, and response 

inhibition have all been shown to be affected by FASD and ADHD. More detailed areas 

related to response inhibition will be explored which correspond to the section of data 

and results on this particular area of executive functioning. 
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Attention 

 Lee, Mattson, and Riley (2004) attempted to use common measures of attention 

such as the WISC-III - Freedom From Distractibility Index, the Test of Variables of 

Attention, and the Achenbach Child Behavior Checklist to define a profile of attention 

deficits in alcohol exposed children. They also wanted to derive a sound statistical model 

that would help to discriminate them from non-exposed children. They found that a 

combination of parent rated attention problems (Achenbach Child Behavior Checklist) 

and an index measure of attention (Freedom from Distractibility Index on the WISC-III) 

accurately discriminated children with prenatal alcohol exposure from non-exposed 

controls. They did not include an ADHD control group in their study and therefore could 

not rule out if the pattern of performance found for children with FASD was unique from 

other attention-disordered populations (ADHD). Kerns and colleagues (1997) reported 

that individuals with FAS with average IQ scores demonstrated no deficits in basic 

attention; however, overall performance on measures of attention requiring higher levels 

of mental control and processing were lower than expected based on IQ. Kerns et al. also 

reported that those with below average IQ scores also demonstrated average abilities in 

basic sustained attention but significant difficulties on tasks that required complex 

sustained attention and divided attention. Similarly, other researchers have shown that 

children with FASD have difficulties with complex attention tasks (Connor et al., 2000; 

Kodituwakka, 2007). They found that complex tests of attention distinguish children with 

FASD from controls better than simple tests. Nanson and Hiscock (1990) found that 

children with FASD demonstrated difficulty with the investment, organization, and 

maintenance of attention over time and with response inhibition.   
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One model of attention that is often the theoretical framework of studies 

examining attention and FASD is that of Mirsky, Anthony, Duncan, Ahearn, and Kellan 

(1991). These researchers described four separate elements of attention: Focus (to select 

one stimulus to attend to from among the other stimuli that are competing for attention) is 

believed to be supported by the temporal and parietal regions of the brain (Coles et al., 

1997); Sustain (the ability to maintain focus on a particular stimulus over time) is 

believed to be supported by the reticular formation, corpus striatum, and medial thalamus 

(Coles et al., 1997); Shift (shifting attention between stimuli) is believed to be the 

function of the prefrontal cortex (Coles et al., 1997); and Encode (as in the processing of 

numeric information) is thought of as a hippocampal function (Coles et al., 1997). 

As part of a larger study on alcohol exposure, Streissguth et al. (1994) 

investigated the effects of prenatal alcohol exposure on attention using a group of 14-

year-olds who had been followed since birth. They selected four tests that measure 

attention based on the principle that attention is not a unitary skill or capacity but consists 

of a number of separable factors or elements as described by Mirsky and colleagues. The 

tests selected for the study included the Digit Span subtest of the WISC-R (encode), the 

Wisconsin Card Sorting Test (shift), Talland Letter Cancellation Test (focus), and the 

CPT (sustain). The results showed that prenatal alcohol exposure continued to affect the 

neurobehavioral functioning of young adolescents as it did in laboratory and behavioural 

assessments at ages 4, 7, and 11 years. Tasks requiring more complex decision-making 

were the most sensitive at detecting long-term effects of prenatal alcohol exposure. Tasks 

measuring the focus and sustain components of attention were more strongly related to 
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prenatal alcohol exposure than to tasks measuring shift and encode (Streissguth et al., 

1994). 

Coles et al. (1997) compared children diagnosed with FAS and ADHD and found 

that children with FAS demonstrated the most difficulty with the shifting and encoding 

aspects of attention whereas the children with ADHD had more difficulty with the 

focusing and sustaining aspects of attention. Coles et al. (1997) stated that their findings, 

which were opposite of that of Streissguth et al. (1994), may have been due to 

methodological issues and resulting bias, as children were excluded from a particular task 

if they could not meet certain criteria in practice sessions. Kalberg and Buckley (2007) 

found that difficulties with shifting attention can lead to an increase in perseverative (i.e., 

repetitive) responses, as well as extreme difficulty moving from one topic to another, 

confusion when there is a change in routine, and difficulties with transitions from one 

place to another. 

Attention and Working Memory 

Burden and colleagues (Burden, Jacobson, Sokol, & Jacobson, 2005) examined 

the effects of prenatal alcohol exposure on attention and working memory in children 

with FASD. Their results partially confirmed the four-component model of attention. The 

results were derived from a principal component analysis of attention-related 

neuropsychological test scores. Principal component analysis is a procedure that 

transforms a number of possible correlated variables into a smaller number of 

uncorrelated variables called principal components. The first principal component 

accounts for the majority of the variability in the data, and each succeeding component 

accounts for as much of the remaining variability as possible.  Encode (working memory) 
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and shift (executive function) both were confirmed as dimensions of attention, but the 

focus and sustain components appeared to be a combined component. Impulsivity 

emerged as a new factor in their analysis. The findings of Burden et al. (2005) with 

respect to sustained and focused attention were incongruent with previous studies. 

Consistent with Coles et al. (1997), there was a lack of association between prenatal 

alcohol exposure and focused/sustained attention. The authors stated that this finding 

might be due to some patients with FASD having a distinct attention deficit while others 

did not. They also found no relation between impulsivity and prenatal alcohol exposure, 

which is consistent with Nanson and Hiscock’s (1990) finding that impulsivity is 

characteristic of ADHD but not FASD.  

 Burden and colleagues (2005) reported that prenatal alcohol exposure was 

associated primarily with poor working memory. The strongest effects of prenatal alcohol 

exposure were seen for working memory tasks that required the active manipulation of 

information in the execution of memory-related tasks (Digit Span and Arithmetic of the 

WICS-III). Sergeant (2005) also indicated that children with ADHD differ from controls 

on working memory tasks. 

Auditory and Visual Attention 

A study (Connor, Streissguth, Sampson, Bookstein, & Barr, 1999) examined 

differences in auditory and visual attention in adults with FASD. They found that 

attention disturbances were seen in adults with FASD in both the auditory and visual 

tasks when compared to controls, but the strongest effects were observed in the auditory 

tasks. Alcohol-affected subjects showed deficits in the focus, sustain, and shift 

components of attention in the auditory modality and in the focus and sustain components 
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in the visual modality. Subsequent studies (Coles, Platzman, Lynch, & Freides, 2002; 

Mattson, Lang, & Calarco, 2002) found that alcohol exposed children displayed 

significant deficits in visual attention, but not in auditory attention. Therefore, research 

on attentional deficits in different sensory modalities does not demonstrate a specific 

pattern that could be descriptive of children with FASD. 

Mattson et al. (2006) investigated auditory and visual attention in children with 

FASD using a model of attention proposed by Posner and Cohen. The Posner and Cohen 

model (as cited in Mattson et al., 2006) asserts that there are three components of 

attention: disengage, shift, and engage. In this model, one must remove attention from a 

currently fixed target (disengage), transfer of attention to a newly relevant target (shift or 

move), and focus attention upon a new target (engage). Mattson et al. (2006) used a 

paradigm based on Posner and Cohen’s model to test whether the ability to shift 

attentional focus between sensory modalities (auditory and visual) is disrupted in 

individuals with prenatal alcohol exposure. The findings suggested that children with 

prenatal alcohol exposure had deficits in attention that are not global in nature. There 

appeared to be a consistent and significant deficit in visual sustained focus, as children 

with FASD displayed lower accuracy and slower reaction times than controls. In the 

auditory domain, children with FASD displayed lower accuracy but consistent reaction 

times except at the longest intervals of the tasks, suggesting a difficulty maintaining 

auditory attention over long intervals. Difficulty in maintaining auditory attention may 

have implications for daily functioning where attention is important, such as in the 

classroom. The authors view auditory attention deficits in children with FASD as being 

similar to visual attention deficits in those children with ADHD who demonstrate 
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difficulty sustaining focused attention over time (although initial orienting to visual 

stimuli is intact). In the shift condition, the FASD group was equally accurate but 

demonstrated slower reaction times. There were no significant group differences in the 

disengage and reengage conditions of this task with the FASD group performing as well 

as the control group. Again, the FASD group, although accurate, demonstrated slower 

response times than the control group. These findings appear to be contradictory to 

previous research studies that reported that shifting of attention was a weakness in 

alcohol exposed children. Differences between studies may be attributable to the 

definition of “shift” (shifting cognitive set versus shifting attentional modalities). These 

results also appear to be in contrast with previous studies that found auditory attention 

was more affected than visual attention. This latter difference may be related to the 

measures used in the studies or difference in samples across studies. 

Response Inhibition 

In the current research there was an opportunity to explore several more specific 

areas related to response inhibition. Therefore, the following sections will provide 

background into research completed in response inhibition (and related concepts) with 

children who have FASD and ADHD.  

Response inhibition is one dimension of Executive Function and can specifically 

refer to the ability to attend and respond selectively to non-target stimuli while inhibiting 

responses to targets (Burden et al., 2009). More generally, inhibitory control is the ability 

to inhibit, resist, or not act on an impulse, and the ability to stop one’s behaviour at an 

appropriate time (Gioia et al., 2000). A deficit in response inhibition is often noted during 

tasks that require a delayed response or no response at all, but can also been seen as high 
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levels of physical activity, inappropriate physical responses to others, a tendency to 

interrupt and disrupt group activities, and a general failure to “look before leaping” 

(Gioia et al., 2000).  

This aspect of executive functioning is widely considered to be a hallmark of 

ADHD (Barkley, 1997; Burden et al., 2009) and can have detrimental effects on 

academic, vocational, and social functioning (Depue, Burgess, Willcutt, Ruzic, & Banich, 

2010). Deficits in inhibition are also commonly seen in FASD (Burden et al., 2009; 

Connor, Sampson, Bookstein, Barr, & Streissguth, 2000; Mattson et al., 1999; 

Rasmussen, McAuley, & Andrew, 2007) and these impulsive or disruptive behaviours 

can lead to further negative consequences for adolescents and adults with FASD. 

Disrupted schooling, legal problems, inappropriate sexual behaviour, and substance abuse 

have all been shown to be secondary disabilities in FASD (Streissguth et al., 2004) and 

may be directly related to deficits in behavioural inhibition. One research study 

(Kodituwakka, Handmaker, Cutler, Weathersby, & Handmaker, 1995) stated that clinical 

observations of individuals with FASD suggest a difficulty regulating behaviour and 

these individuals are often described as impulsive and lacking social inhibition. 

 As reported earlier, there is a very high rate of co-morbidity between FASD and 

ADHD, with over 60% of children with FASD exhibiting deficits related to attention and 

impulsivity and many receiving psychiatric diagnoses of attention and impulsivity 

disorders such as ADHD (Mattson et al., 2006). Despite the similarities, some research 

has indicated that the clinical presentation of the behaviours related to Executive 

Functioning (such as inhibition and attention) in children with FASD can be quite distinct 

from children with ADHD (O'Malley, 2008). One area in the literature on response 
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inhibition focuses on the effects of event rate (fast, slow, externally paced, self-paced) on 

performance during inhibition tasks and this will be a focus of the current research. Other 

important issues related to event rate and response inhibition include that will be 

discussed in the following sections include: sustained attention and vigilance; inter-

stimulus intervals; error detection; and loss of attention resulting in long response times 

(RTs). Other variables of interest in the area of response inhibition include response time 

variability; the speed-accuracy trade off; and the effect of the prepotent response.  

 Response inhibition is often measured as errors of commission on tasks where the 

goal is to inhibit a prepotent response (Fryer et al., 2007). In behavioural and fMRI 

studies, the standard inhibition task is a Go/No-Go task. This task requires the participant 

to attend and respond selectively to the non-target stimuli ("Go") while inhibiting 

responses to a target stimulus ("No-Go").   

General Findings for Go/No-Go Tasks 

 Fryer et al. (2007) conducted the first fMRI study on response inhibition in an 

FASD population and used a Go/No-Go task. The study found no differences in overall 

task performance between the FASD group and the control group, although they did 

report differences in brain activation.  These researchers attribute the differences in brain 

functioning to the possibility that FASD participants may have to allocate more cortical 

effort to inhibit action in order to account for the decreased efficiency in the brain cause 

by alcohol exposure. The findings from the Fryer et al. study indicating that there were 

no differences in task performance between alcohol affected and control subjects were 

also reported in a later study of response inhibition in a Go/No-Go task (O'Brien et al., 
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2013). They indicated that this lack of differences in performance variables may have 

been due to the simplicity of the Go/No-Go task designed for an fMRI environment. 

 Burden et al. (2009) conducted an Event-Related Potential (ERP) study to 

examine response inhibition in children with FASD compared to same aged-controls with 

only minimal exposure to alcohol. Both groups generally performed well on the Go/No-

Go task and both groups demonstrated greater difficulty with accurate response 

inhibition. The data from this study indicate that children with FASD require greater 

cognitive effort for successful task completion, especially in the later phase of a trial that 

involves stimulus discrimination and/or cognitive control. 

 A second study by Burden and colleagues (2011) also examined children with 

heavy prenatal alcohol exposure to a group of age matched controls using ERP. This new 

study reported similar findings to the 2009 study. They found no group differences for 

the Go/No-Go behavioural performance measures but once again found that both groups 

of children were less accurate in inhibiting their responses. This study also found that the 

children in the study had faster response times on false alarms (commission errors) 

compared to correct Go responses, a finding which has been attributed to responding 

impulsively to stimuli. 

 Research has shown that children with ADHD commit more errors of commission 

than control subjects in Go/No-Go tasks (Sergeant, 2005). They also react more slowly to 

Go signals than control subjects (Sergeant, 2005). One study examining response 

inhibition in children with ADHD found that commission error percentage was very high 

compared to errors of omission and the authors indicated that this finding was in line with 
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Barkley’s theory of ADHD and response inhibition (Van der Meer, Borger, Theron 

Potgieter, Pirila, & De Cock, 2009). 

 Burden et al. (2010) conducted another ERP study to examine response inhibition 

in young adults with ADHD with and without prenatal alcohol exposure using a classic 

Go/No-Go task. The results of this study indicated that, in terms of behavioural 

performance, poorer inhibitory control (poorer accuracy when attempting to inhibit a 

response) was evident in participants with ADHD both with and without prenatal alcohol 

exposure. These impulsive errors were explained as the result of failing to extract all the 

information necessary from a given stimulus prior to responding (Burden et al., 2010).  

 Kingdon et al. (2016) indicated that children with FASD have greater dysfunction 

in executive functioning in general, but have less impairment in the area of response 

inhibition when compared to those with ADHD.  

Event Rate 

 The event rate, or the speed of presentation of the stimuli, is an important area to 

be examined when looking at executive functions of response inhibition and sustained 

attention. Stimuli can be presented quickly or slowly, the pace can be set externally, by a 

program, or can be self-paced. Each change in pacing or rate can influence both the 

ability to inhibit responses and the ability to attend to the task at hand. Sergeant (2005) 

stated that the event rate of a task alters the energetic state. Either fast or slow stimulus 

rates can induce over or under arousal/activation in subjects (Raymakers, Antrop, Van 

der Meer, Wiersema, & Roeyers, 2007). The energetic state must be kept at an optimal 

level to reduce errors of commission and omission. The time between the stimuli, the 
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Inter-stimulus or Inter-trial Interval (ITI) is a factor that can be controlled in studies of 

event rate. 

 State regulation theory suggests that deficits in ADHD related to inhibition or 

attention are due to poor state regulation. This is based on some findings that, when 

stimuli are presented rapidly, children with ADHD improve in performance but when the 

presentation rate is slow, performance efficiency decreases. The faster the presentation 

rate, the more children with ADHD perform like controls (Van der Meer, Marzocchi, & 

De Meo, 2005; Ryan, Martin, Denckla, Mostofsky, & Mahone, 2010). 

Van der Meere et al. (2005) found that in a self-paced task (in which a child 

determined his or her own event rate) there were no differences in the number of errors of 

commission between children with ADHD and controls. There was also no difference 

found in the increase in response speed (both groups increased their response speed) as 

compared to an externally paced test. In an externally paced task, children with ADHD 

responded more slowly compared to controls but the number of errors was comparable 

between the two groups. Van der Meere and colleagues (2009) stated that the slowness 

and variability of responding in children with ADHD increased in conditions with long 

ITIs as did their errors of Omission. Sergeant (2005) reported that children with ADHD 

respond differently depending on event rate. Fast event rate conditions, which induce 

overarousal, produce fast, inaccurate responding whereas slow event rate conditions 

resulting in slow, inaccurate responding. However, this author indicates that children with 

ADHD generally perform worse in tasks that include a slow event rate. Kooistra, 

Crawford, Gibbard, Ramage and Kaplan (2009) also state that there is a consistent 
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finding in the literature that Go/No-Go performance deteriorates under slow event rate 

conditions in individuals with ADHD.  

Ryan and colleagues (2010) conducted a study comparing children with ADHD to 

an age match control group to determine if event rate (in this case a fixed ITI or a jittered 

ITI paradigm) would impact performance on a Go/No-Go task, and specifically in the 

measure of intra-subject variability (ISV). They hypothesized that jittered stimuli 

(presented with uneven intervals or ITIs) would enhance a preparatory state and increase 

efficient responding. They found that the ADHD group had significantly higher omission 

rates (a measure of loss of attention) during the fixed ITI condition but in the jittered 

condition there were no differences in omissions, commissions, mean RT or ISV between 

the ADHD and control group. There was a significant group by condition interaction 

effect found for ISV in that, within the ADHD group, children had greater ISV on the 

fixed condition compared to the jittered condition. These authors reported that by 

introducing a moderate jitter and therefore keeping the subjects “on their toes”, they 

normalized the performance of children with ADHD to that of healthy controls. 

Burden et al. (2010) reported on response style in their ERP study of response 

inhibition in those with ADHD with and without prenatal alcohol exposure. They found 

that in general, a faster response style on "go" was associated with poorer No-Go 

accuracy. This suggests that participants performed better when they were more 

deliberate with their responses.  

Kooistra et al., (2009) examined inhibitory control in children with FASD and 

ADHD (Combined and Inattentive subtypes) with a slow and fast event rate Go/No-Go 

task. In the Go/No-Go fast condition, inter-stimulus intervals varied between 1000, 1500 
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and 2000ms, in the slow condition, the ITIs varied between 6000, 7000, or 8000ms. On 

the Go/No-Go task only the ADHD-Combined group showed a performance decline in 

the slow event rate condition, becoming slower and more variable.  The ADHD-

Inattentive and FASD groups showed a performance decline in the fast event rate 

condition. The ADHD-Inattentive was slower and the FASD group was more variable in 

the fast rate condition. Both groups had faster response times in the fast Go/No-Go 

condition compared to the slow condition. 

Sustained Attention 

 Sustained attention can be defined as “the ability to maintain a tonic state of 

alertness over an extended period of time” (Huang-Pollock, Karalunas, Tam, & Moore, 

2012). This maintenance of attention is necessary to be successful in a wide range of 

functional activities and is often found to be deficient in children with ADHD and FASD. 

Commonly reported measures to examine sustained attention are the rates of commission 

and omission errors as well as the signal detection statistics of d' (a measure of 

detectability or the ease with which targets can be distinguished from non-targets) and β 

(or response bias style of responding either liberally to avoid missed targets or 

conservatively to avoid making commission errors) (Huang-Pollock et al., 2012).   

 Leth-Steensen, King Elba and Douglas (2000) stated that the high degree of 

variability in ADHD performance may be related to the manifestation of regulatory 

problems involving the inconsistent allocation of attention. Hausknecht et al. (2005) 

stated that the inconsistent allocation of attention and effort underlies the increases in 

response time variability shown in children with ADHD especially when: a) the task 

requires consistent and sustained allocation of effort and attention; b) the task has long 



                                                                                            ARND, ADHD and fMRI   38 

preparatory intervals with low event rates c) the task is unpredictable; and d ) the task 

involves extraneous stimuli. 

 Huang-Pollock and colleagues (2012) examined common statistics from Signal 

Detection theory and found that children with ADHD had poorer perceptual sensitivity 

(detectability as measured by d') than controls but reported no differences in response 

bias as measured by β. 

 Hausknecht et al. (2005) stated that children with FASD and ADHD had similar 

scores (indicating impairment) on parent and teacher reports of Choice Reaction Time 

and sustained attention. Children with FASD have been shown to perform similarly to 

children with ADHD on sustained attention response time tasks, with both groups 

performing worse than healthy controls on measures that include variability of response 

time. Hausknecht et al. also state that both groups have been shown to be impaired on 

Choice Reaction Time and continuous performance attention tasks.  

Kooistra et al. (2009) conducted a study to investigate children with ADHD and 

children with FASD in terms of sustained attention and inhibitory control. Sustained 

attention was measured using slow event rate CPT. Koosistra found that, on the CPT 

task, children with ADHD combined subtype, ADHD primarily inattention, and FASD 

showed greater decline in task performance over time than did comparisons groups 

suggesting sustained attention problems in all three groups. In general, the ADHD group 

demonstrated more difficulty with sustained attention deficits as a function of time. 

In contrast, a meta-analysis by Kingdon et al. (2016) indicated that children with 

FASD were not significantly different in task performance compared to controls and also 
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demonstrated fewer difficulties with attentional vigilance than children with ADHD. An 

ADHD diagnosis was strongly related to deficits in attentional vigilance. 

Response Time and Variability 

Response time is the time between the presentation of a stimulus and the onset of 

a manual response. Research indicates that response time is highly correlated with 

intelligence (Simmons, Wass, Thomas, & Riley, 2002). ISV is most often measured with 

response time standard deviation (RTSD) or the Coefficient of Variation (CV).  

 The finding regarding response times in individuals with FASD have been mixed. 

Two studies have failed to find mean response time differences between children with 

FASD and controls using a CPT (Coles et al., 1997; Carmichael Olson, Feldman, 

Streissguth, Sampson, & Bookstein, 1998), whereas other studies have reported 

significant increases in response times as a function of prenatal alcohol exposure 

(Streissguth et al., 1986; Streissguth, Bookstein, Sampson, & Barr, 1995). Nanson and 

Hiscock (1990) reported that children with FAS responded more slowly on delayed 

response time and vigilance tasks than control children or children with ADHD but that 

they made as many errors as the ADHD group.  

 Simmons et al. (2002) conducted a study to examine response time in children 

with FASD. They looked at both simple response time (e.g. respond when the light 

comes on) and choice response time (e.g. respond or not respond to the stimulus as in a 

behavioural inhibition task) and at both premotor and motor response times. The FASD 

group did not differ from the control group on simple response time but demonstrated 

significant slowing in the choice response time in both premotor and motor response 

times. These results indicate impairment in central processing, which includes detection 
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of the stimulus, stimulus discrimination, and motor planning. Simmons et al. state that 

alcohol likely affects the CNS at numerous levels that affect cognitive processing time 

and response time. One limitation to this study is that children with ADHD were included 

in the control group, which may have decreased the likelihood of demonstrating 

significant group effects. 

 Some researchers have indicated that there is a consistent finding in the literature 

that the overall response times of children with ADHD are typically both slower and 

more variable than those of control children (Leth-Steensen, King Elba, & Douglas, 

2000; Kuntsi et al., 2010; Van der Meer et al., 2009). Other researchers indicate that a 

fast and inaccurate response style is one of the most salient features of ADHD (Drechsler, 

Rizzo, & Steinhausen, 2010). This inconsistency in findings has not been explained fully 

and no consensus has been found. This may be due to methodological issues in how tasks 

and studies were designed and implemented. 

 More recently, researchers have turned to ISV as a variable that consistently 

distinguishes performance of ADHD individuals from that of controls in the ADHD 

literature. Kuntsi et al. (2010) reported that response time variability (or ISV) is one the 

of the best measures to discriminate between ADHD and control groups. Increased ISV 

has been reported in ADHD populations in studies on stop-signal tasks, sustained 

attention, continuous performance, and working memory tasks (Ryan et al., 2010; Buzy, 

Medoff, & Schweitzer, 2009).  High levels of variability could be indications of 

fluctuations or lapses in attention (Hervey et al., 2006). 

 Klein, Wendling, Huettner, Ruder, and Peper (2006) also stated that there has 

been a consistent and highly replicated finding in the literature that children with ADHD 
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have increased ISV. They reported that children with ADHD could be discriminated from 

controls best by different measures of variability, followed by measures of central 

tendency, and by commission errors, with variability measures yielding substantially 

larger group effect sizes than central tendency. They looked at several measures of 

variability and found the results highly redundant. They concluded that many different 

variability measures from psychometric tests could possibly be used interchangeably. 

This increase in response variability is now being cited as a new, and perhaps more 

consistent, hallmark of ADHD (Buzy et al., 2009). Increased RTSD is frequently reported 

along with normal RT. Some research has indicated that this may be due to a deficit in 

the arousal process as increases in ISV has been shown to be accompanied by gradual 

decreases in arousal levels (Kuntsi et al., 2010). ISV may be related to losses of attention 

(Wood, Asherson, Van der Meer, & Kuntsi, 2010) and has been shown to be affected by 

changes in the stimulus presentation rate (Buzy et al., 2009). 

 A review by Shiels and Hawk (2010) examined theories of ADHD and the 

inconsistency seen in ADHD research as noted above (fast and inaccurate versus slow 

and variable). They indicated that the inconsistency could be accounted for by state 

regulation theory of ADHD. This theory postulates that children with ADHD are not able 

to regulate their state based on the demands of the task because their range of optimal 

states is too narrow to deal with the over-arousing and the boring. This optimal energetic 

state may vary depending on task, the context, and the individual child and failure to 

consider this has possibly resulted in the inconsistency found in the literature on ADHD. 

 Another theory for increased levels of the inconsistencies in the areas of RT and 

ISV found in the ADHD research was offered by Buzy et al. (2009). These authors 
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indicated that overall mean RT of those with ADHD may appear to be slow and variable 

due to lapses in attention that result in long RT trials which causes the mean RT to be 

pulled higher. Their research indicated that after controlling for RT variability ADHD 

participants responded as fast as or faster than control subjects on a working memory 

task.  

 RT distributions of children with ADHD can typically be distinguished from 

control children more by the presence of a substantially large number of abnormally slow 

responses than by an overall pattern of slow responses (Leth-Steensen et al., 2000). This 

type of distribution influences both the response time mean was well as the variance 

measure. Leth-Steensen et al. stated that they believe that the overall slow response time 

profiles of children with ADHD may be more accurately explained as the presence of 

periodic attentional lapses in responding rather than a general inability to respond 

quickly. Their pattern of performance could be due to deficits in the effortful 

maintenance of optimal arousal and activation levels during an information processing 

task which then lead to attentional lapses. Leth-Steensen et al. indicate that the results of 

their study suggest that children with ADHD are often capable of executing task 

requirements as efficiently as control children, but they just cannot do so regularly. 

 Some of the inconsistencies found in the literature may be the result of how data 

was approached by individual researchers. If perseverations, or fast responses often seen 

as impulsive or physiologically improbable responses, or trials with excessively long RTs 

were removed from the analysis this would influence both overall RT and variability 

measures. The approach to data for these issues is not consistent among studies and often 
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not reported at all and may have contributed to some of the contradictory findings found 

in the literature.  

The Speed-Accuracy Trade Off 

 The speed and accuracy of decision-making have a well known trading 

relationship: hasty decisions are more prone to errors while careful, accurate judgements 

take more time (Ivanoff, Branning, & Marois, 2008). Dreschler et al. (2010) reported that 

a fast and inaccurate response style is one of the most salient features of ADHD.  

 Research on children with ADHD indicates that these children have difficulty in 

shifting their behaviour to focus on either speed or accuracy when asked to do so, which 

is in contrast to their spontaneous behaviour (of fast and inaccurate responding) and can 

be interpreted as an inability to allocate attentional resources (Drechsler et al., 2010). 

Nanson and Hiscock (1990) also found that children with ADHD have fast response 

times but also greater errors, which indicated that these children make a speed-accuracy 

trade off in favour of speed. 

The Delay Aversion Theory claims that the behavioural problems of children with 

ADHD reflect attempts to avoid or escape delay of reward and that a child with ADHD 

will always place the reduction of delay above accuracy or reward. Research has 

indicated that children with ADHD are impaired in performance monitoring and in self-

evaluation as well as in the self-initiated use of appropriate metacognitive strategies but 

can use these strategies when instructed (Drechsler et al., 2010). Drechsler et al. 

examined the influence of metacognitive control on performance, the speed/accuracy 

trade-off, and whether or not children with ADHD could modulate their responses when 

instructed to do so. In general they found that children with ADHD and control children 
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showed similar effects when modulating response style with regard to errors but showed 

differential effects with regard to response speed. When instructed to work as fast as 

possible, children with ADHD and controls both increased response speed from baseline, 

with the children with ADHD responding significantly faster. When instructed to focus 

on accuracy, both groups slowed down response speed, but control children more than 

children with ADHD. The ADHD group had significantly more errors than controls in the 

accuracy condition but the number of errors did not decrease substantially from baseline 

in the accuracy task in either group. This finding is consistent with the research on Delay 

Aversion Theory for children with ADHD who do not improve accuracy when more time 

is available. When healthy control children are compared to children with ADHD, the 

controls relied on metacognitive strategies more, when instructed to do so.  

In contrast, another research team (Sonuga-Barke, Taylor, Sembi, & Smith, 1992) 

reported that children with ADHD had faster response times only when by doing so they 

could reduce the length of a testing session. When the trial length was fixed, children 

with ADHD had similar response latency to controls. 

Error Detection 

 Research on error processing has indicated that individuals will generally engage 

in post-error slowing. This means that there will be an increase in RT on trials following 

an error intended to improve performance. This is a common indicator of adaptive control 

which can be described as the process which enables a person’s information processing 

system to continually and flexibly make adjustments in responses to meet a goal (Shiels 

& Hawk Jr., 2010). However, one must detect an error in order to adjust and make 
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changes in their responses and if this is the case then it is not necessarily a failure in 

adaptive control (Shiels & Hawk Jr., 2010). 

 Sheils and Hawk (2010) indicate from their review that self-monitoring and 

adaptive control are influenced and associated with both personality and temperament 

factors. They reported that individuals with high impulsivity and low socialization tend to 

show diminished error processing. 

 Children with ADHD have been shown to have differences in brain activation on 

Go trials that immediately proceed a commission error suggesting that there is a different 

or inappropriate cortical state occurring in children with ADHD right before they make 

an inhibition error (Sergeant, 2005). This could possibly point to a loss of attentional 

focus at those points before making commission errors. After making an error, healthy 

children typically take more time to respond on the following trials, possibly to ensure 

that they make correct responses as they continue. In children with ADHD this 

relationship is affected by the cognitive load of the task. RT after an error was slowed for 

small cognitive processing loads and sped up for larger cognitive processing loads, which 

is thought to be the result of impaired attention or effort allocation (Sergeant, 2005). 

Several research papers have reported no post-error slowing on Go/No-Go tasks in 

children with ADHD and also reduced neurophysiological markers of error processing 

which suggests deficient error evaluation or processing (Shiels & Hawk Jr., 2010). 

Children with ADHD may simply be less aware of their errors. 

Despite the amount of research that has already been completed on response 

inhibition, there is insufficient information on how event rate can affect the ability to 

inhibit a response and the ability to sustain attention over time, especially in children with 
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ARND compared to those with ADHD. Most studies that have reported on event rate or 

pacing of tasks have examined it as an extra finding, but rarely as a main area of study. 

The current study will specifically examine how event rate and external versus self-

pacing effects response inhibition and sustained attention performance in children with 

ARND and ADHD compared to controls. 

Structural Brain Imaging of FASD 

 Studies examining the brain of individuals with FASD often use magnetic 

resonance imaging (MRI), which provides three-dimensional morphological information 

(Mattson et al., 1992). Other structural imaging methods used include measuring cortical 

thickness levels which was been shown to be related to cognitive functioning and 

intelligence, as well as a newer form of functional imaging called Diffusion Tensor 

Imaging (DTI). However this research paper will focus on the use of MRI and functional 

MRI. Research has demonstrated that alcohol has a direct effect on brain development 

and can cause cell death (Mattson et al., 2001). Structural imaging studies have revealed 

several consistent differences in individuals with FASD compared to non-exposed 

controls (Mattson et al., 2001).  

 In alcohol exposed children, there is a decrease in the overall size of the brain 

(Mattson et al., 1992; Roebuck, Mattson, & Riley, 1998; Moore, Migliorini, Infante, & 

Riley, 2014) and there is a disproportionate reduction in the volume of the white matter 

relative to the grey matter (Roebuck-Spencer, Mattson, Deboard Marion, Brown, & 

Riley, 2004). Mattson and Jernigan (1994) reported results from an MRI study which 

indicated that four children were microcephalic. The volume of each adolescent's brain 

was, on average, about twenty-five percent smaller than the brain of a healthy child. 
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Research has also shown evidence of disorganized cell migration during development 

(Mattson & Jernigan, 1994).  

 Treit et al. (2016) examined the relationship between head circumference, brain 

volume and cognition in children with prenatal alcohol exposure. Head circumference is 

often used as a measure of neurological development in children and a smaller head 

circumference has been correlated with mental retardation in children. A smaller head 

circumference has been used in the diagnosis of FASD as structural evidence of CNS 

damage and reductions in head circumference have been shown to persist throughout 

childhood and adolescence  

 The above researchers reported results that gave evidence to support the previous 

findings in the FASD literature of reduced head circumference in children and 

adolescents with prenatal alcohol exposure. They reported a 29 point gap in median head 

circumference percentile, a two-fold increase in the number of FASD subjects with head 

circumference more than one standard deviation below the population mean, and a nearly 

five-fold increase in the number of alcohol exposure subjects with head circumference 

below the 3
rd

 percentile compared to controls. They also reported statistically significant 

reductions in the measures of brain volume, IQ, and other measures of cognitive 

performance in the alcohol exposed group. 

 Despite the significant findings of their study, Treit et al. (2016) did note that 

there was overlap in the groups on the measures of head circumference and this measure 

could not discriminate individuals in the two groups at a single-subject level. They also 

stated that, although there was a higher frequency of very low head circumference (below 

the 3
rd

 percentile) in the alcohol exposed group, 90% of the alcohol exposed group had 
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head circumference above the cut-off for microcephaly. Therefore, microcephaly should 

not been seen as a sensitive marker for FASD (Treit et al., 2016). Head circumference 

was positively correlated with brain volume, however this was found to be more variable 

at the lower range of head circumference measurements. There was also no correlation 

found between head circumference and cognitive measures indicating that head 

circumference does not predict functioning impairment (Treit et al., 2016). 

 Some regions of the developing brain have been shown to be more sensitive than 

others to the effects of alcohol (Bookstein et al., 2005). The basal ganglia (including the 

putamen, caudate nucleus, and global pallidus) have been shown to be smaller, especially 

in the caudate nucleus (Mattson & Jernigan, 1994; Mattson et al., 1996; Moore et al., 

2014). The basal ganglia are involved in motor abilities and executive functions and there 

are extensive nerve fibre connections between the basal ganglia and the cortex (Mattson 

& Jernigan, 1994). Injuries to these structures result in deficits in spatial memory, the 

ability to shift tasks, and the ability to inhibit inappropriate behaviour (Mattson et al., 

2001).  

 The corpus callosum, a large bundle of nerve fibres that connects the two 

hemispheres of the brain and allows for communication between them, is often reduced 

in size in FASD. The effects of alcohol on the corpus callosum can range from thinning 

to a complete agenesis (Mattson et al., 1992; Mattson & Jernigan, 1994; Swayze II et al., 

1997; Roebuck et al., 1998). Moore et al. (2014) noted that the posterior corpus callosum 

is particularly affected. Thinning or agenesis of the corpus callosum has been linked to 

deficits in attention, reading, learning, verbal memory, executive functions, and 

psychosocial functions (Mattson et al., 2001).  
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 The overall size of the cerebellum, a structure at the base of the brain that controls 

muscle tone, balance, sensorimotor coordination, and attentional abilities is 

disproportionately reduced relative to overall brain size (Mattson et al., 1996; Archibald 

et al., 2001; Moore et al., 2014). Damage to the cerebellum is correlated with learning 

difficulties and deficits in coordination and balance (Mattson et al., 2001).  Imaging of 

the brain in individuals with FASD has shown asymmetries in hippocampal volume; the 

hippocampus is a structure in the temporal lobe involved in learning and memory 

(Mattson et al., 2001). The volume of the hippocampus in the left temporal lobe was 

found to be smaller than the same region in the right temporal lobe (Riikonen, Salonen, 

Partanen, & Verho, 1999). Individuals with FASD have been reported to exhibit deficits 

in spatial memory and other memory functions associated with the hippocampus 

(Mattson et al., 2001).  

 Other cortical structures affected by alcohol exposure include the pars opercularis 

(an area of the frontal lobes important for language ability) and the lingual gyri 

(important for visual processing; Moore et. al., 2015). Other structural differences have 

been reported in the overall shape of the brain (a blunted narrower brain), changes in 

cortical folding, and greater fold opening (Moore et al., 2014). 

 As Mattson et al. (2001) note there is a major limitation of structural imaging in 

that this approach only determines the size of the particular brain structure but does not 

indicate whether the structure is functioning correctly. 

Functional Brain Imaging of FASD 

 Functional imaging techniques allow researchers to study how the brain works. 

Functional imaging techniques include electroencephalography (EEG), positron emission 
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tomography (PET), single photon emission computed tomography (SPECT), and 

functional magnetic resonance imaging (fMRI). These techniques can potentially be more 

invasive than structural imaging and can be more difficult to conduct with children 

(Mattson et al., 2001). Despite the challenges, functional neuroimaging techniques can 

provide a less subjective measure of alcohol related changes in brain function (Malisza, 

2007). 

 EEG measures spontaneous electrical activity in the brain by recording signals 

using electrodes placed on the scalp (Mattson et al., 2001). This method has good 

temporal resolution but limited spatial resolution (Malisza, 2007). One study (Kaneko, 

Phillips, Riley, & Ehlers, 1996) found that subjects with FAS exhibit reductions in the 

power or strength of alpha frequencies, which are the main type of brain activity that 

occurs when a person is relaxed. These reductions were seen predominantly in the left-

hemisphere and suggest immature brain activity (Kaneko et al., 1996). EEG can also be 

used to measure the brain's electrical response (event related potentials) to specific 

sensory stimuli (Mattson et al., 2001). EEG results indicate that children with FAS have 

delayed responses in the parietal cortex, which is indicative of deficits in information 

processing (Kaneko et al., 1996). 

 PET allows the monitoring of the activity of specific brain regions by generating 

images of metabolic or physiological process, such as blood flow or breakdown of sugar 

molecules in brain tissue (Mattson et al., 2001) and requires the use of small amounts of 

radioactive material. PET has poor spatial resolution in comparison to fMRI (Malisza, 

2007). Clark and colleagues (Clark, Li, Conry, Conry, & Loock, 2000) used PET to 
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assess brain activity in adolescents and adults with FAS who showed no severe mental 

retardation. They found reduced activity in the caudate nucleus and thalamus. 

 SPECT is similar to PET, but is less powerful (Mattson et al., 2001) and therefore 

provides less sensitive and less detailed imaging than fMRI (Malisza, 2007). This method 

also uses radioactive material. There is only one study on children with FASD that used 

SPECT (Riikonen et al., 1999). This study found that children with FAS exhibited similar 

metabolic activity in both hemispheres of the brain, whereas normally developing 

children showed greater resting activity in the left hemisphere. 

 Functional MRI (fMRI) is a non-invasive technique compared to PET or SPECT 

because it does not involve the use of potentially harmful radioactive substances 

(Malisza, 2007). Because of the low risk of this technique it can be applied in paediatric 

research and also allows for the acquisition of neuroimaging data from healthy children 

to provide reliable baseline, normative data (Malisza, 2007). Functional MRI has the best 

spatial resolution of the neuroimaging techniques but is unable to detect changes on the 

very short neuronal response time scale (Malisza, 2007). 

 BOLD (blood oxygenation level-dependent) fMRI is based on physiological 

responses related to brain activation. Brain function can be mapped by measuring 

hemodynamic (changes in blood flow and blood oxygenation in the brain) and metabolic 

changes (glucose and oxygen consumption) in response to alterations in neuronal activity. 

When neural cells are active, there is an increase in metabolic demand and energy 

required to perform a task. The local response to this energy utilization is to increase 

blood flow to regions of increased neural activity. The increase in oxygen consumption 

leads to increased local deoxyhemoglobin where the function is occurring. 
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Deoxyhemoglobin acts as an internal contrast agent, reducing the MRI signal.  Due to the 

large increases in oxygen rich blood flow there is a mismatch between oxygen delivered 

and oxygen consumed. Higher BOLD signal intensities arise from increases in the 

concentration of oxygenated hemoglobin. With many repetitions of a thought, action or 

experience, statistical methods can be used to determine which areas of the brain are 

active during that thought, action or experience (Moonen & Bandettini, 1999). 

Blocked designs are the prototypical fMRI experimental designs. This design 

involves two conditions (two levels of a category) that alternate over the course of the 

scan. A block of trials is designed to evoke a particular cognitive process and the 

experimental blocks alternate with control blocks. Using cognitive subtraction, one can 

see the differences in neuronal activity between the two conditions. Block designs do not 

allow for randomization of the order of the stimuli as groups of trials of the same type 

occur together. Grouping of trials can result in predictability of trial type for the research 

subject and may have an effect on the cognitive processes engaged in within the trial. The 

subjects may engage in anticipatory behaviours which may alter the cognitive processes 

(Moonen & Bandettini, 1999). 

 Event-related designs avoid the possibility of the behavioural confounds that are 

the result of blocking stimuli together and allow for the randomization of trial 

presentations. Event-related designs are reduced in sensitivity in relation to block designs 

but they measure changes associated with individual trials (one behavioural unit) as 

opposed to larger units of time (blocks) and allows for the separate analysis of functional 

responses (Moonen & Bandettini, 1999). For example, it is possible to look only at events 

that were performed correctly and omit events that had incorrect responses. 
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 Malisza (2007) wrote a comprehensive review of functional neuroimaging of 

cognitive processes in FASD affected individuals. This paper examined functional 

neuroimaging studies from 1990-2007. Five papers were examined, 3 used SPECT and 

one used PET. Only one study (Malisza et al., 2005) examined task-dependent brain 

function using fMRI.  According to this review there are a number of problems related to 

prenatal alcohol exposure. There is a dysfunction of the sensory-motor pathway, which 

can lead to problems with coordination and clumsiness. The putamen is involved in 

motor function and dysfunction in this brain region is consistent with clinical descriptions 

of distractibility and impulsiveness in children with FASD. The basal ganglia are smaller 

in children with FASD and have been implicated in affective and motivation functions as 

well as executive functioning, spatial learning, attention, perseveration, and response 

inhibition. The frontal lobe is implicated in executive functioning, attention and response 

inhibition; however, in children with FASD there is frontal lobe perfusion asymmetry and 

lack of normal frontal left-right dominance. A reduction in perfusion in the parieto-

occipital region is consistent with cognitive and grammatical dysfunction. The left 

parieo-temporal region is associated with dyslexia, dysphasia, and dyscalculia. The 

temporal lobe dysfunction may be the source of the inappropriate behavioural responses 

found in FASD affected individuals. The temporal lobe has been implicated in facial 

recognition, perception of emotions, sexuality, visual perceptions, emotion, sense of self, 

and the ability to comprehend situations and consequences adequately (Malisza, 2007). 

 Other research has indicated that individuals with FASD have patterns of both 

higher and lower brain activation compared to controls in different regions, depending on 

the task being performed, despite similar task performance (Gautam et al., 2015).  
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  In summary, neuroimaging data acquired using PET, SPECT, and fMRI suggest 

impairment in the prefrontal, orbital, and middle frontal cortices, thalamus, basal ganglia, 

parieto-occipital, parieto-temporal, and temporal brain regions. These findings may 

correspond to dysfunction in the areas of working memory, executive functioning, 

attention, motor coordination, arithmetic, logic, grammar, emotion and learning (Malisza, 

2007). 

 The following sections will provide a summary of FASD fMRI research studies 

that have examined the three areas of executive functioning that are the focus of this 

dissertation: working memory, visual-spatial attention, and response inhibition. 

fMRI and Working Memory 

 Research on fMRI and working memory has suggested that the prefrontal cortex, 

posterior parietal cortex, and Broca’s area are involved in working memory function. 

Connor and Mahurin (2001) used fMRI to examine working memory in four adults with 

FASD. They found activation in the dorsolateral prefrontal cortex in FASD subjects, but 

not in control subjects. This brain area is thought to play a role in higher cognitive 

functions (Mattson et al., 2001). The activation in the dorsolateral prefrontal cortex 

suggested that individuals with FASD had greater difficulty performing this task 

compared to controls (Connor & Mahurin, 2001).   

 Malisza, Allman, Shiloff, Jakobson, Longstaffe, and Chudley (2005) used fMRI 

to examine spatial working memory in children and adults with FASD. They used n-back 

tasks as well as psychological measures to determine differences in working memory 

between the FASD groups and the control groups. Children and adults with FASD 

showed increased functional activity in the inferior and middle frontal cortex compared 
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with controls, particularly during a modified one-back working memory task. Children 

with FASD showed a decrease in inferior frontal cortex functional activity with 

increasing tasks difficulty while control subjects demonstrated the opposite pattern. All 

subjects demonstrated increased frontal cortex fMRI activity at superior slice levels. 

Adults with FASD showed greater activation in the superior frontal cortex relative to 

controls. The group differences in activation patterns suggest improper functioning of 

prefrontal areas in individuals with FASD. The parietal cortex showed greater activation 

during the modified one-back task in controls compared to FASD. All groups showed 

increased parietal fMRI activity at more superior slice levels with increasing task 

difficulty (Malisza et al., 2005).  

 Overall performance on the n-back tasks demonstrated that the FASD group made 

fewer correct responses, had longer mean response latencies, and showed higher rates of 

both incorrect and non-responding than controls. “The fMRI results in conjunction with 

the results of the psychological tests suggest impairment in spatial working memory in 

children and adults with FASD” (Malisza et al., 2005). 

 Sowell and colleagues (2007) conducted a study to examine verbal learning in 

children with FASD using fMRI. The results of this study indicated that children with 

FASD demonstrate functional abnormalities of the left medial temporal and dorsal 

prefrontal lobe structures during verbal learning. Children with FASD have a relative 

increase in medial temporal lobe grey matter, but have decreased functional activation in 

these regions compared to controls. Children with FASD did have increased activation in 

the dorsal prefrontal cortices, predominantly in the left hemisphere. Sowell et al. (2007) 

also reported that the FASD children showed less activation in posterior temporal cortices 
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relative to controls, specifically in the left hemisphere. The pattern of dysfunction in 

children with FASD may suggest that they rely more on frontal memory systems to 

encode and retrieve verbal information because the medial temporal structures are 

deficient in this process. It is also possible that the frontal structures are performing 

abnormally because increased activation could result from less efficient systems working 

harder to achieve the same results.  

 Spadoni, Bazinet, Fryer, Tapert, Mattson, and Riley (2009) examined BOLD 

response during a spatial working memory task in youth with FASD. Both the FASD and 

control groups showed similar patterns of activation to the spatial working memory task 

condition including bilateral dorsolateral prefrontal and parietal areas. The FASD 

subjects showed more fMRI activation during the spatial working memory task compared 

to the vigilance condition in bilateral inferior, middle, and superior frontal gyri, superior 

temporal and occipital gyri, lentiform nuclei and insulae. These brain regions are outside 

those typically thought to involve spatial working memory functions. The authors state 

that these results may suggest that the increased brain response in prefrontal and 

subcortical areas was necessary to maintain adequate performance. It also indicates that 

there is a decrease in the efficiency of relevant brain networks. Increased BOLD response 

may represent a compensatory mechanism for altered brain anatomy and this greater 

recruitment of neural resources is used to compensate for poorer neurocognitive abilities 

(Spadoni et al., 2009). This study did not observe any regions of decreased activation in 

the FASD group when compared to healthy controls. 

 A recent study compared children with FASD compared to controls (and an 

additional group with a familial history of alcohol use disorders) to examine visuospatial 
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deficits during a spatial working memory task (Norman et al., 2013). They reported that 

children in the alcohol-exposed group had higher levels of BOLD activation than the 

comparison groups in the left middle and superior frontal gyrus and in the right middle 

frontal gyrus. The alcohol exposed group also had increased activation compared to 

controls in non-frontal regions including the left lingual gyrus, lentiform nucleus, and the 

insular region. 

 O'Hare et al. (2009) reported on a fMRI study of verbal working memory in 

children and adolescents with FASD. The FASD group and control group displayed 

equivalent behavioural performance on the task and the effect of IQ was statistically 

controlled. Alcohol exposed individuals showed increased activation when compared to 

controls in bilateral dorsal frontal, left inferior parietal and bilateral posterior temporal 

regions during the verbal working memory task. These results suggest that the individuals 

with FASD recruit a more extensive network of brain regions during verbal working 

memory compared to healthy controls. Generally these results suggest that frontal-

parietal processing during verbal working memory is less efficient in individuals with 

FASD. Other studies have also found differences in the activation levels in the left dorsal 

frontal lobe and this may suggest that there are functional abnormalities in brain regions 

that are structurally relatively unaffected by prenatal alcohol exposure. Therefore, it 

appears that alcohol exposure affects functional activation abnormalities in brain regions 

that are structurally abnormal and ones that are normal (O'Hare et al., 2009). 

fMRI and Visual/Spatial Attention 

 The right fronto-parietal cortical network has been shown to be involved in 

visual-spatial attention, particularly in the sustained visual attention processes (Huang-
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Pollock et al., 2012; Gautam et al., 2015). The posterior cingulate cortex in particular has 

been shown to be involved in a wide variety of cognitive processes. For example, in a 

spatial cueing attention task, a predictive cue was shown to evoke greater activity in 

several structures, including the posterior cingulate cortex, during the time when subjects 

needed to withhold any premature movement (Chao, Luo, Change, & Li, 2009). The 

parietal cortex has also been shown to be involved in the processing of predictive 

information in typically developing healthy control subjects (O'Brien et al., 2013). 

 The dorsolateral frontal cortex is responsible for the executive control over 

attention pathways and is connected to both the dorsal and ventral visual attentional 

streams. The dorsal visual stream is located in the posterior parietal cortex and is 

involved in the attention to space and location of objects. In turn the dorsal attention 

network is responsible for the evaluation and selection of stimuli. The ventral visual 

stream is located in the lateral and inferior temporal regions and deals with the processing 

of featural characteristics of stimuli along with object recognition. The ventral attentional 

network is responsible for capturing attention by unexpected stimuli and determining it’s 

importance (O' Conaill et al., 2015). 

 A study examining changes in brain activation over time in visuo-spatial attention 

indicated that children with FASD did not show the same changes in activation as did the 

control group (Gautam et al., 2015). In both the FASD group and the control group, task 

performance was relatively stable over time, but cortical activation demonstrated 

significant group differences. Although both groups utilized similar cortical areas while 

performing a visuo-spatial attention task, children with FASD had decreased activation 

whereas the control group had increased activation over time. Therefore, the trajectories 
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of change in functional activation differ between children with FASD and those not 

exposed to alcohol and indicate disturbances in the developmental process for cortical 

recruitment (Gautam et al., 2015).  

fMRI and Response Inhibition 

 Research examining response inhibition has pointed to the bilateral or right 

inferior prefrontal cortex as a possible cortical site of inhibitory motor control. However, 

this may be due to the influence of attention on inhibitory control as the inferior frontal 

cortex is also involved in the attention pathways (Chao et al., 2009) and the processing of 

infrequent stimuli (Chikazoe et al., 2009). Other brain structures found to be involved in 

response inhibition were the pre-supplementary motor area, right putamen, 

middle/posterior cingulate cortex, and the anterior cerebellum (Chao et al., 2009). 

 Fryer and colleagues (2007) conducted an fMRI study to examine response 

inhibition in children with FASD. Past research has indicated that prefrontal cortical 

regions as well as subcortical areas, specifically the basal ganglia, the corpus callosum, 

and parts of the cerebellum, support response-inhibitory functions (Kodituwakka, 

Kalberg, & May, 2001). However, neuroimaging has found abnormalities in the 

subcortical areas but not the frontal and prefrontal cortical regions (Kodituwakka et al., 

2001). There is evidence that the reduction in caudate volume in individuals with FASD 

is related to executive functioning deficits. The Fryer et al., (2007) study used a standard 

Go/No-Go behavioural inhibition task to examine neural resource allocation underlying 

presumed response inhibition deficits in children with FASD and compared their 

performance to that of healthy controls. The clinical group was composed of 13 children 

with FASD diagnoses (FAS, n=7; other FASD diagnosis, n=6).  
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 The results of this study indicated that, despite no difference in task performance 

compared to the healthy controls, FASD children showed increased BOLD response in 

the prefrontal cortex and decreased BOLD response in the caudate nucleus during trials 

that required the inhibition of action. Specific increases were found in the right middle 

frontal gyrus and left middle, medial, and superior gyri. Decreases were seen in the right 

caudate nucleus. This indicates that children with FASD allocate more cortical effort to 

inhibit action. Increased cortical effort may help to mitigate decreased efficiency. The 

authors report that this is the first fMRI study of behavioural inhibition in children with 

FASD and therefore they cannot compare their results to other studies. But the results are 

in concordance with several other investigations of response inhibition in individuals 

with ADHD (Fryer et al., 2007). 

 Chikazoe and colleagues (2009) conducted a Go/No-Go fMRI study in healthy 

adults to examine response inhibition and specifically to determine if brain activation 

patterns during Go/No-Go tasks are the result solely of inhibition or are partially the 

result of the processing of infrequent stimuli (namely the infrequent No-Go stimuli). This 

was accomplished by including infrequent Go trials that occurred at the same rate as the 

No-Go trials. Subjects had significantly higher mean accuracy on the Go trials (including 

the infrequent Go trials) compared to the No-Go trials. Mean RT was longer on the 

infrequent Go trials compared to the frequent Go trials but there was no difference in 

mean accuracy. 

 The contrast of No-Go trials versus frequent Go trials resulted in activations in the 

posterior part of the inferior frontal cortex, inferior frontal junction, dorsolateral 

prefrontal cortex (DLPFC), anterior cingulate cortex, presupplementary motor area, 
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insula, rostrolateral prefrontal cortex, precuneus, and intraparietal sulcus. The contrast of 

infrequent Go trials versus No-Go trials revealed very similar activations.  

 Infrequent Go trials versus frequent Go trials resulted in activation in the inferior 

frontal junction, anterior prefrontal cortex, and posterior part of the intraparietal suclus. 

The posterior part of the inferior frontal cortex and inferior frontal junction were noted to 

be very close together but showed different activation patterns. This indicated two 

anatomically close brain regions were functionally distinct in that the inferior frontal 

gyrus was mainly associated with response inhibition whereas the inferior frontal 

junction was associated with both response inhibition and the processing of infrequent 

stimuli. 

 O’Brien et al. (2013) studied the effect of an implicit cue on response inhibition 

using a Go/No-Go fMRI task in children with prenatal alcohol exposure compared to 

non-exposed controls. They reported differences in patterns of neural activation despite 

no differences in the behavioural performance of the two groups. The alcohol exposed 

group demonstrated greater activation in the left precuneus, cingulate gyrus, anterior 

cingulate, and the right middle frontal gyrus on trials requiring inhibition. They reported 

less activation compared to controls in the left precuneus and post central gyrus on trials 

when cues signalled the need to inhibit. These authors suggested that greater activation in 

frontal and parietal lobes during inhibition could indicate compensation for inefficient 

processing by the neural networks involved in inhibition or could also represent and 

immature pattern of response inhibition processing. 

 A review of recent neuroimaging findings (Donald et al., 2015) indicated that 

there appears to be a consistent finding across fMRI studies with children with FASD. 
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This general finding indicates that there is a more generalized pattern of activation in 

those with FASD, which may represent reduced efficiency in the neural pathways 

associated with specific tasks. 

fMRI and Diagnosis 

 Astley et al. (2009a) reported on a study using fMRI to determine if this technique 

could be used to identify global and/or focal abnormalities in children with FASD and 

also if fMRI could be used to distinguish the different diagnostic groups across the FASD 

spectrum. The four study groups included: (1) FAS/pFAS; (2) Static Encephalopathy/ 

Alcohol Exposed (SE/AE) or “severe ARND”; (3) Neurobehavioral Disorder/Alcohol 

Exposed (ND/AE) or “mild ARND”; and (4) Healthy controls with no history of 

exposure (however this study did not include an ADHD comparison group). Functional 

MRI was used to assess activation in seven brain regions during performance of N-Back 

(non-spatial) working memory tasks. The task involved viewing a series of images 

(faces), one at a time, and deciding whether the present image matched the image 

presented n images back, where n is 1 or 2.  

 Astley et al. (2009a) found that performance and reaction times for the control 

condition (0-back) were comparable between the four groups. The FAS/pFAS group had 

significantly poorer performance and longer reaction times than the control group on the 

1-back condition and performance on this condition decreased and reaction times 

increased linearly as one advanced across the four groups from Control to FAS/pFAS. A 

similar pattern of performance was seen in the 2-back condition. Children with FASD 

performed more poorly and had longer reaction times during the more difficult 2-back 

condition relative to the 1-back condition. 
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 Functional MRI activation levels decreased significantly as one advanced across 

the four groups from controls to FAS/pFAS and therefore the groups could be 

distinguished based on level of activation. Controls demonstrated significantly more 

activation during the more difficult 2-back task. The FASD groups also demonstrated 

slightly greater activation during the 2-back task, but not at a significant level. Brain 

regions with the highest activation during the N-back were the right inferior frontal gyrus, 

right posterior parietal lobe, right DLPFC, and right middle frontal gyrus. The FAS/pFAS 

group had the lowest activation compared to controls with the Static Encephalopathy/ 

Alcohol Exposed and Neurobehavioral Disorder/Alcohol Exposed groups falling in 

between. Significant contrasts between FAS/pFAS group and controls were always in the 

right hemisphere 

 This study found comparable activation in the anterior cingulate region across the 

groups. This finding is similar to Malisza et al. (2005) who also reported consistent 

activation in this region across all groups. Increases in activation in the anterior cingulate 

during working memory tasks is likely linked to attention demands of the task, rather 

than working memory demands themselves and may reflect that the subjects were paying 

attention during the task (Astley et al., 2009a; Malisza et al., 2005). 

Medical Interventions for FASD 

One common treatment for children with FASD is the use of stimulant 

medication, such as methylphenidate (Ritalin), which is prescribed to reduce the 

inattentive and hyperactive symptoms associated with prenatal alcohol exposure 

(Zevenbergen & Ferraro, 2001). Research has indicated though that only 70-80% of 

children diagnosed with ADHD are responsive to stimulant medication and even those 
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who do respond rarely then fall into “normal” ranges on measures of behaviour (Pelham 

Jr. & Gnagy, 1999).  

Previous animal studies have shown a “hyper-responsiveness” to methylphenidate 

in alcohol exposed animals (O'Malley, Koplin, & Dohner, 2000). Pilot data was reported 

(O'Malley et al., 2000) from a study of patients with FASD who presented with 

symptoms of ADHD and were treated with psychostimulants. They found that 22% of the 

patients given methylphenidate (Ritalin) had a positive clinical response whereas 79% of 

those treated with dextroamphetamine (Dexedrine) had a positive clinical response. In 

patients who received both medications, eight had a negative response to 

methylphenidate and later responded positively to dextroamphetamine, and one patient 

had a negative response to dextroamphetamine and later showed a positive response to 

methylphenidate. There were also patients who showed a negative response to both 

medications. The differential positive response of patients with FASD to 

dextroamphetamine may have to do with this medication’s action on the mesolimbic 

dopaminergic system and may demonstrate a qualitative difference in ADHD symptoms 

resulting from prenatal alcohol exposure and ADHD symptoms in individuals with no 

prenatal exposure to alcohol (O'Malley et al., 2000). 

Several studies have examined the use of stimulant medication for children with 

FASD and symptoms of ADHD. Snyder and colleagues (Snyder, Nanson, Snyder, & 

Block, 1997) found that children diagnosed with FASD and ADHD displayed a 

significant reduction in hyperactive symptoms based on parent report when taking 

stimulant medication but no significant effects were obtained for attention or impulsivity 

on laboratory measures. Oesterheld, Kofoed, Tervo, Fogas, Wilson, and Fiechtner (1998) 
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found similar results in that children’s scores on hyperactivity and impulsivity on both 

the Parent and Teacher forms of the Conner’s Rating Scales were significantly lower; 

however, the teacher ratings of daydreaming/attention were not lowered. Another study 

(Doig, McLennan, & Gibbard, 2008) evaluated the change in core ADHD symptom 

clusters following treatment with stimulant medications in a group of children with 

FASD. Children with a dual FASD-ADHD diagnosis displayed more difficulties with 

inattention than hyperactivity symptoms. There also was a reduction in many domains on 

teacher ratings of behaviour; however, few children had normalized attention scores 

following treatment, suggesting that ADHD medication may be less able to normalize the 

inattention symptom cluster.  

O’Malley and Nanson (2002) reported that children with early-onset ADHD 

resulting from prenatal alcohol exposure may have unpredictable reactions to 

medications. Generally, patients who have neurochemical or structural changes to their 

CNS are overly sensitive to the effects of medications (O'Malley, 2008). The response of 

children with FASD to stimulant medication can be unpredictable and can include 

intolerance, hypersensitivity, paradoxical reactions, over-sedation, blunted cognitive 

ability, or the unmasking of a primary psychiatric disorder (O'Malley, 2008). Medications 

prescribed to young children may sometimes increase impulsivity or aggressiveness and 

an increase in the dose may worsen the symptoms rather than help. The response to 

psychostimulant medication may improve with age; a negative response under the age of 

five may occur, with a subsequent positive response when the child is six or seven years 

of age. O'Malley (2008) also notes that there may be ethnic differences in response to 

medications, specifically stimulants. Research has suggested that methylphenidate should 
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not be used with First Nations children due to lack of effectiveness and the possibility of 

growth retardation (O'Malley, 2008). Instead, O'Malley suggests that dextroamphetamine 

may be the more effective first-line stimulant when treating ADHD associated with 

FASD in children of First Nations descent. 

In children with ADHD (without prenatal alcohol exposure), pharmacological 

interventions are very common. These medications appear to have clear beneficial effects 

on daily classroom performance, but have not been shown to produce long-term changes 

in academic achievement. Similarly, stimulants have been shown to improve behaviour 

and peer relationships, but there is no evidence of long term changes in interpersonal 

relationships (Pelham Jr. & Gnagy, 1999). Therefore, there does not appear to be long 

term maintenance of improvements with long-term medication treatment.  

Introduction Summary and Current Research Aims 

 The diagnosis of FASD is frequently difficult because of overlap of symptoms 

with other conditions. The most devastating consequences of FASD are the effects on 

neurodevelopment and the CNS and while the other characteristics of FASD are easily 

defined, CNS damage is not. As previously explained, similar attentional problems occur 

in those with FASD and those with ADHD. Individuals diagnosed with ARND do not 

demonstrate all or any of the sentinel facial features of Fetal Alcohol Syndrome (FAS) 

but still have neurodevelopmental and/or cognitive or behavioural abnormalities. 

Individuals who do not demonstrate the facial features associated with FAS but show 

neurological deficits and/or other cognitive or behavioural anomalies may go 

undiagnosed or be misdiagnosed. Accurate diagnosis is vital since many of the secondary 

disabilities (e.g., mental health issues, school drop out, alcohol/drug problems, dependent 
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living, unemployment, etc.) can be prevented with appropriate intervention. A diagnostic 

test to discriminate between ARND and ADHD would be very helpful, especially when 

exposure to alcohol cannot be confirmed in the typical manner, and fMRI may have this 

capability.  

 Very little previous research has specifically examined individuals diagnosed with 

ARND. Most research has examined individuals with FAS or individuals with heavy 

prenatal alcohol exposure. The research on ARND is significantly lacking, especially 

considering the difficulties with diagnosing individuals with this condition. Recent 

studies suggest that FASD and ADHD affect different regions of the brain. Executive 

functions, including working memory, response inhibition, and sustained attention are 

found to be significantly affected by prenatal alcohol exposure. It is expected that these 

cognitive functions in ARND will differ from those in ADHD affected individuals and 

healthy control subjects. While the symptoms between ARND and ADHD are similar, the 

underlying dysfunctional neurological pathways may be different resulting in differences 

in performance or cortical activation. 

  This dissertation compared children who were diagnosed with ARND to children 

with ADHD and typical controls. The results from psychological assessments and 

behavioural tasks were analyzed and also compared with regions of functional activations 

from the fMRI data compiled from the research conducted at the Institute of 

Biodiagnositics by a team led by Dr. K. Malisza, Principal Investigator. The purpose was 

to determine whether differences exist in brain activation patterns, psychological 

functioning, cognitive functioning, and behavioural responses in these groups. The fMRI 

tasks were designed to examine working memory, response inhibition, and attention. The 
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behavioural data (E-prime) obtained during the fMRI portion of the study was compared 

to data collected during a psychological assessment. The psychological assessment tools 

were chosen with the idea that they would correlate well with fMRI tasks, and measured 

executive functioning domains of working memory, attention and response inhibition as 

well as several other psychological constructs. The data from the psychological 

assessment were also examined to determine if there were significant differences between 

the groups and to potentially identify a behavioural/neurocognitive profile of children 

with ARND and ADHD. It is hoped that the results from this study may provide 

information and direction into potentially new methods or adjunct for diagnosing children 

with ARND and will distinguish them from children with other neurological/behavioural 

conditions.   

The specific aims of the study include the following:  

1) To determine if there are significant differences between the three groups (ARND, 

ADHD, and Typically Developing Controls [TD]) on several of the psychological 

variables obtained during the psychological assessment in order to identify a specific 

neurobehavioural profile. 

2) To determine if the fMRI tasks correlate with the psychological tests measuring 

similar constructs. 

3) To examine in depth several areas of executive functioning, including sustained 

attention and response inhibition, using a standard psychological measure (CPT) and 

Go/No-Go tasks. 

4) To examine fMRI activation patterns between the ARND and ADHD groups to 

determine differences between the two clinical groups and to use psychological variables 
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as covariates in fMRI analysis to determine if they would be a helpful adjunct to further 

differential the two clinical groups.  

METHOD 

Participants 

 The following groups of children between the ages of 10 and 14 years were 

recruited for the studies: 1) ARND, 2) ADHD, 3) TD Controls (Demographic information 

for the groups can be found in Appendix A. The diagnosis of ARND was confirmed by 

the Clinical for Alcohol and Drug Exposed Children, now called the Manitoba FASD 

Center, in Winnipeg, Manitoba. Interested participants were sent a letter introducing them 

to the study and a Research Study Summary and Consent Form (see Appendices B and 

C).  After a participant indicated he or she would like to be involved in the study, a brief 

telephone screen was conducted to ensure suitability for the MRI environment. The brief 

screening questionnaire was followed-up by a Physician Screen to ensure participants 

were safe to enter the MRI environment (see Appendices D and E). The ADHD and TD 

control groups were also screened for exposure to alcohol during pregnancy through the 

use of a screening questionnaire completed with the birth parent/caregiver before 

participation (see Appendix F). Any child in the ADHD or TD group that had significant 

exposure to alcohol was to be excluded, although none of the ADHD or TD participants 

were excluded based on the screening questionnaire.  Participants with ARND were 

matched to the ADHD group by IQ, sex, age, and socio-economic status (SES) to the best 

of our ability. The aim was to recruit twenty children for each of the groups, yielding a 

total of 60 participants for this study. This subject number was arrived at through a power 

analysis completed for the fMRI study conducted by Dr. K. Malisza, Principal 



                                                                                            ARND, ADHD and fMRI   70 

Investigator of the research team conducting a large fMRI research study at the Institute 

for Biodiagnositics. Through recruitment the research team was able to have a final total 

n of 65 (21 TD, 20 ADHD and 24 ARND subjects). Due to some variability in tasks 

completed by each subject, each different section of analysis will indicate the number of 

subjects included. A power analysis for a MANOVA was completed using G*Power 

3.1.2. A power level of .80 could be obtained with a sample size of 54 with alpha set at 

.10, with three groups and 15 variables. This power analysis indicated the current study 

would have sufficient power. Parents/guardians/caregivers were asked to keep the 

children free from stimulant medication and certain food products (e.g., caffeine) for 48 

hours prior to the psychological assessment and fMRI acquisition.  

Procedure 

 Experimental protocols were reviewed and approved by the University of 

Manitoba Health Research Ethics Board and the National Research Council, Ottawa 

Research Ethics Board. Informed consent was obtained from the parent/caregiver and 

assent was obtained from the child. All experiments were conducted at the Institute for 

Biodiagnostics, Winnipeg, Manitoba. 

Mock Scanner 

 All children were trained in a mock scanner, which looks and sounds like a real 

MRI system but there was no magnetic field. Recorded MRI sounds were played during 

this training session. The training visit allowed participants to become familiar with the 

MRI environment and procedures and also allowed the researchers to determine if the 

participants could remain sufficiently motionless to obtain good quality images.  
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 During the mock scanner visit, children were given ear plugs, asked to lie on the 

table, and were instructed to remain as still as possible. They were moved into the 

pretend bore (the cylindrical tube in which the patient lies) and recorded MRI noises were 

played at a volume similar to the MRI environment. They were observed for a period of 

approximately ten minutes in order to determine if they could remain still.  

Psychological Assessment 

 All children participated in the psychological assessment component of the study, 

which was completed for each participant by the author of this thesis (graduate student 

under the supervision of a Registered Psychologist, Dr. C. Clancy). The following 

psychological measures were administered to obtain IQ scores, measures of attention, 

executive functioning, and mental health symptoms: 

o The Wechsler Intelligence Scale for Children - Fourth Edition (WISC-IV) 

(Wechsler, 2004) which is an individually administered, comprehensive clinical 

instrument for assessing the intelligence of children ages 6 years, 0 months 

through 16 years, 11 months. The WISC-IV provides composite scores that 

represent intellectual functioning in specified cognitive areas (i.e., Verbal 

Comprehension Index, Perceptual Reasoning Index, Working Memory Index, and 

Processing Speed Index) as well as providing a composite score that represents a 

child's general intellectual ability (i.e., Full Scale IQ). On the WISC-IV, the lower 

the standard score, the greater the level of impairment in that domain of cognitive 

functioning. A full listing of the mean standard scores, standard deviations, 

maximum, and minimum values for all subjects is found in Appendix G. 



                                                                                            ARND, ADHD and fMRI   72 

o The Continuous Performance Test II (CPT-II, or CPT from now on) (Conners, 

2004), which is a test of sustained attention, response inhibition, and vigilance, 

and is used to provide information regarding the types of deficits an individual 

may have. The CPT includes several standard measures including: Omissions, 

Commissions, Hit Reaction Time, Hit Reaction Time Standard Error, and 

Perseverations along with several others. Omission errors (lack of correct 

response) provide a measure of inattention. Commission errors (response to non-

target) provide a measure of impulsivity (Conners, 2004). Standardized T scores 

were provided by the CPT and raw response data could be extracted from the CPT 

program. The CPT presents its trials in a blocked design for a total of six blocks. 

Within each of the blocks there are three sub-blocks, one for each of the three 

(ITI) levels (1, 2 and 4 seconds). 

o The Conners’ Rating Scales - Revised (CRS-R) (Conners, 2001), which is a 

measure used for the assessment of ADHD and related problems and behaviours 

in children and adolescents. The CRS-R is a suitable instrument for reporting on 

youths aged 3-17 years. The parent version results in 14 subscales including: 

Oppositional, Cognitive Problems/Inattention, Hyperactivity, Anxious-Shy, 

Perfectionism, Social Problems, Psychosomatic, Conners' Global Index, Restless-

Impulsive, Emotional Lability, ADHD Index, DSM-IV Symptoms subscales, 

DSM-IV Inattentive, and DSM-IV Hyperactive-Impulsive. 

o The Behavior Rating Inventory of Executive Function (BRIEF) (Gioia et al., 

2000), which is a questionnaire for parents and teachers of school-aged children 

that enables professionals to assess executive function behaviours in the home and 
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school environment. This gives eight theoretically and empirically derived clinical 

scales that measure different aspects of executive functioning: Inhibit, Shift, 

Emotional Control, Initiate, Working Memory, Plan/Organize, Organization of 

Materials, and Monitor. The clinical scales form two broader indexes, 

Behavioural Regulation and Metacognition, and an overall score, the Global 

Executive Composite.  

fMRI 

 Behavioural and functional imaging data was gathered from experiments 

conducted on a 3T Siemens TIM TRIO MRI system (Siemens, Germany) at the Institute 

for Biodiagnostics, Winnipeg, MB. Functional MRI data were acquired using a single 

shot, gradient echo, echo planar imaging sequence with a matrix size of 64 x 64, field of 

view of 24 cm, echo time of 30 ms, repetition time of 2 s, and 28 contiguous 5 mm thick 

slices oriented parallel to the AC-PC line, resulting in full brain coverage and a voxel size 

of 3.75 X 3.75 X 5 mm. As part of the research team, my part in the study was being 

responsible for the majority of the training of children in the mock scanner environment 

and for completing the psychological assessments. fMRI data collection and initial 

conversions, formatting, reorientation, realignment, normalization to the Montreal 

Neurological Institute, and smoothing  was completed by Dr. Krisztina Malisza and other 

members of the larger research team. Technical information regarding these processes 

can be found in the other papers for this study (Malisza et al., 2012; O’Conaill et al., 

2015); however, since this part of the analysis was not completed by myself it will not be 

reported here. 
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 During scanning, pictures for tasks that the subjects performed were displayed on 

an MR compatible screen at the end of the magnet. The subject was able to view the 

screen through a standard Siemens mirror mounted to the Siemens MR head coil. 

Subjects performed several different computer-based tests of cognitive function during 

which RT and accuracy of all responses were recorded. Stimuli were presented using 

event-related paradigms. Event based paradigms were constructed for all tasks with 

variable ITIs. The subjects were instructed to respond as quickly and accurately as 

possible to all tasks. Each of the following fMRI tasks was performed during the imaging 

sessions. Due to the length of the study, images were sometimes acquired over two or 

three fMRI sessions. The subjects were trained on all fMRI tasks on a standard computer 

before entering the MRI environment. Those who were unable to perform tasks 

sufficiently well (as determined by Dr. K. Malisza) were then excluded from that fMRI 

portion of the study. 

fMRI tasks 

Working memory 

 The purpose of these tasks was to examine spatial working memory, procedural 

learning, and attention. The first of these tasks (control task or “0-back”) required the 

subject to follow a "target" on the screen and press a button on a keypad according to the 

target's position in one of four possible spatial locations. Specifically, this task involves 

four circles that appear on the screen and the target was one of the circles which had an 

"X" inside it. The subject was required to press a button at the target's present position 

while continuous presentation of subsequent locations was being shown. During the 1-

back" task (the memory task) the subject was asked to press the keypad according to the 
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position of the previous target (one back in the sequence of circles) during continuous 

presentation of targets.  

Spatial cueing 

 The purpose of this task was to examine selective attention using a spatial 

distraction task.  During this task, attention was directed towards a cue followed by 

"valid" trials, where the cue correctly predicted the position of the target and "invalid" 

trials where the cue did not predict the target position. The stimulus array was the same 

as in the N-back working memory tasks, i.e., four circles arranged spatially. The target 

was the circle with the "X" in it. The children were instructed that they would receive a 

hint as to the target location, but that it was not always reliable. The first frame of the task 

consisted of the four spatial locations with all blank circles and a cue, which was a small 

arrow under one of the circles. The next frame would show the target. The cue would 

point to the spatial location of the subsequent presentation of the target 80% of the time, 

for the valid trials (cue trials), and towards other spatial positions 20% of the time, for 

invalid trials (miscue trials). The subjects were asked to press the button corresponding to 

the position of the target.  The control task for the spatial cueing task was a spatial 0-back 

task (i.e., same as the working memory task control).  

Conjunction 

 The second attention task was a pop-out versus conjunction search task with 

featural (colour and symbol) distraction.  During this task, the first frame would involve 

presentation of a coloured (red or green) letter (X or O) in the center of the screen as a 

target. The second frame presented four coloured letters in a row corresponding to the 

four spatial positions. One of these was the target, while the other three contained non-
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target distractor. There were two distraction conditions, low and high. During the low 

distraction (feature disjunction or pop-out) condition, the non-targets were all different 

colours or letters than the target. For example, if the target on the current trial was a red 

X, all other distractors would be green X's. In the high distraction (feature conjunction) 

condition, two of the non-targets would share one feature with the target. Therefore, if the 

target were a red X, the distractors would be a red O, a green X and a green O. A 

modified version with blue and yellow was also created for colorblind individuals. 

Response inhibition 

 The purpose of this task was to examine response inhibition, and sustained 

attention. A Go/No-Go task was used to measure the ability of the subjects to inhibit 

responses to rare non-targets (No-Go trials) amidst mainly Go trial stimuli. The letter "X" 

appeared in approximately 66% of trials (frequent Go stimulus), the letter "A" in 17% of 

trials (infrequent No-Go stimulus) and the letter "T" in 17% of the trials (infrequent Go 

stimulus). The subject was asked to inhibit their response to the appearance of the letter 

"A". The presentation of the target letter "T" controlled for the infrequent occurrence of 

the non-target "A". A control task was also presented where the subject was asked to 

press a button following the presentation of every letter that appeared on the screen. 

Participants completed two identical tasks in which the ITIs were fixed (Computer Paced, 

or CP). Two runs were required for the CP task to have enough trials for sufficient power. 

This number of trials could not be combined into one fMRI run due to the length of time 

to complete all items while remaining still in the magnet. Participants also completed a 

third task, in which the next trial began as soon as the participants responded to the 

previous trial (Self Paced, or SP). During the CP tasks subjects were able to respond 
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during the text display (200ms) whereas during the SP task subjects were not able to 

respond during the 200ms text display. 

Data Analysis 

 Before beginning each analysis, data for each section was examined for normality 

and Homogeneity of Variance using a visual examination of the data (histograms), the 

Shapiro-Wilk Test of Normality, and Levene’s statistic (when appropriate). Variables 

were transformed when possible to increase normality (e.g. for the MANOVA), but when 

this was not possible a non-parametric statistical analysis method was utilized. Multiple 

comparison Type I error was controlled for using the Bonferroni correction method for 

each “family” or subset of data analysis. 

Neurobehavioral Profile 

 Performance by the three groups (ARND, ADHD and TD) on a set of 

psychological measures was compared to determine if there were significant differences 

or patterns of cognitive and behavioural performance that could help distinguish between 

the two clinical groups (ARND and ADHD). A total of twelve variables were included in 

the analyses. These variables were chosen to represent a wide range of 

neuropsychological functioning, eliminating variables that were thought to be highly 

correlated.  The following WISC-IV measures were used in the analyses: Verbal 

Comprehension Index (VCI); Perceptual Reasoning Index (PRI); Working Memory 

Index (WMI); and Processing Speed Index (PSI). The WISC-IV indices are reported 

using standard scores with a mean of 100 and a standard deviation of 15. The following 

CPT measures were used in the analyses: the Omissions and Commissions subscales. The 

CPT reports its clinical variables in terms of T-scores with a mean of 50 and standard 
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deviation of 10. The following CRS measures were used:  Oppositional; Cognitive 

Problems/Inattention; Hyperactivity; and Anxious-Shy subscales. Finally, the following 

measures of the BRIEF were used: Behavioural Regulation Index and the Metacognition 

Index. The CRS and the BRIEF also reported their data using T scores (mean of 50 and 

SD of 10). This data was analyzed using one-way MANOVA in SPSS 18.0. A 

MANOVA was chosen for this analysis to determine if the independent variable (group) 

had an effect on a set of dependent variables. Normality for each variable was assessed 

first by examining a normal curve over a frequency histogram. Skewness and kurtosis 

statistics were examined to assess normality. Homogeneity of variance-covariance 

matrices was assessed using Box’s M test. If the main effect of group was significant in 

MANOVA, ANOVAs were to be conducted for each variable to determine which of the 

variables demonstrated differences between the groups. A Bonferroni-type adjustment 

was used to adjust for inflated Type I error for an overall p value of 0.10. The assumption 

of Homogeneity of variance was assessed for all variables using Levene statistic. If there 

was a significant difference between groups on a variable, post hoc tests were conducted 

to determine how the groups differed.  

fMRI and Psychological Data 

 The fMRI behavioural data for three of the tasks (Spatial Cueing, Conjunction, 

and Working Memory) were compared with measures from the psychological test 

battery. The E-prime data, which is a record of the behavioural data during the fMRI runs 

(correct/incorrect responses, RT, etc.), was correlated with the respective psychological 

test scales and subscales that related to each task. These correlations were conducted to 
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assess the strength of the relationship between the psychological tasks and the fMRI 

tasks.  

Working Memory 

The 1-back task (described above) was a task measuring working memory. 

Variables for the Working Memory task included 0-back % correct, 0-back RT, 1-back % 

correct and 1-back RT. These variables were compared to the psychological variables 

that measure aspects of working memory, along with several other psychological 

variables of interest. These psychological variables included: FSIQ, VCI, PRI, WMI, PSI, 

Digit Span (Scale score), Digit Span Forward (Scale score), Digit Span Backward (scale 

score), Letter-Number Sequencing (scale score), and the Working Memory (WM) and 

Monitor subscales of the BRIEF. A correlational matrix was completed to determine the 

relationships between the psychological and fMRI behavioural tasks and ANOVAs were 

conducted to determine if there were significant differences between the groups on the 

variables of interest. 

Conjunction 

The Conjunction task was a task measuring attention. Variables for the 

Conjunction task included Overall Accuracy (reported as the % of trials that were 

correct) and overall RT. The Conjunction task trials were also broken down in three 

different types: Array I, Array II, and Array III. Accuracy and RT values for all three trial 

types were also examined. These variables were compared to the psychological variables 

that measure aspects of attention, along with several other psychological variables of 

interest (31 variables in total). Variables from the WISC-IV included: FSIQ, VCI, PRI, 

WMI, PSI. Variables from the CPT included: Omissions and Commissions T-scores, 
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Omissions and Commissions raw numbers, Hit RT T-scores, Hit RT raw scores, 

Response Time Standard Error (RTSE), CV, RT Block Change (RTBC) T-scores, 

Variability T-scores, and Perseverations T-scores. Variables from the CRS included: 

Cognitive Problems/Inattention, Hyperactivity, DSM Inattentive, DSM Hyperactive, and 

DSM Total. Variables from the BRIEF included: Inhibit, Shift, Initiate, Plan/Organize, 

Monitor, BRI, and MCI. A correlational matrix was completed to determine the strength 

of the relationships between the psychological and fMRI behavioural tasks and ANOVAs 

were completed to determine if there were significant group differences on the variables 

of interest. 

Spatial Cueing 

The Spatial Cueing task was a task measuring attention – in particular, spatial 

attention. Variables for the Spatial Cueing task included: Overall Accuracy (reported as 

the % of trials that were correct), Overall RT, Cue Accuracy (reported as the % of cued 

trials that were correct), Cue RT, Miscue Accuracy (reported as the % of miscued trials 

that were correct) and Miscue RT. These variables were compared to the psychological 

variables that measure aspects of attention, along with several other psychological 

variables of interest (27 variables in total). Variables from the WISC-IV included: FSIQ, 

VCI, PRI, WMI, and PSI. Variables from the CPT inlcuded: Omissions and Commissions 

T-scores, Omissions and Commissions raw numbers, Hit RT T-scores, Hit RT raw 

scores, RTSE, CV, RTBC T-scores, Variability T-scores and Perseverations T-scores. 

Variables from the CRS included: Cognitive Problems/Inattention, Hyperactivity, DSM 

Inattentive, DSM Hyperactive, and DSM Total. Variables from the BRIEF included: 

Inhibit, Shift, Initiate, Plan/Organize, Monitor, BRI, and MCI. A correlational matrix was 
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completed to determine the relationships between the psychological and fMRI 

behavioural tasks and ANOVAs were completed to determine if there were significant 

group differences on the variables of interest. 

Response Inhibition 

 

 The Go/No-Go tasks (described above) were tasks measuring response inhibition 

and sustained attention.  These tasks were very similar to the CPT task in administration, 

variables of interest, and overall concept, so an in-depth analysis and comparison 

between these two types of tasks was undertaken.  

 Table 1 illustrates the timings for each of the tasks in this comparison. The “+” 

indicated a fixation point for subjects to prepare for a trial and orient themselves to the 

center of the screen. During the SP task, subjects were unable to respond during the 200 

ms text display whereas on the CP and CPT tasks subjects could respond during the text 

display. The CPT task had no fixation point or other delays between trials. 

Table 1. Timings for each of the Go/No-Go tasks 

________________________________________________________________________ 

Task Fixation (+) Cue Delay Trigger Text Display ITI 

________________________________________________________________________ 

SP 500ms  500ms  32ms  200ms  4000ms time limit 

CP 250ms  250ms  32ms  200ms  Between 2 and 6 sec 

Cont 250ms  250ms  32ms  200ms  2800 time limit 

CPT       250ms  1, 2, or 4 sec 

________________________________________________________________________ 

Cont: Control; CP: Computer paced; CPT: Continuous Performance Task; ITI: Inter-trial 

interval; sec: second; SP: Self-paced  

 

Perseverations 

 Because subjects were unable to respond during the 200 ms stimulus display on 

the SP task, 200 ms was added to each individual RT to compensate. This did not affect 

accuracy measures on the SP task. In order to compare the CP1 and CP2 tasks to the SP 
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and CPT tasks, I examined perseverative responses at two levels (defined as responses 

with RTs below 200 ms and 100 ms) as a percentage of Go Trials. The CPT defines a 

perseverative response as one that occurs in less than 100 ms and other researchers have 

used this cut-off as it has been shown that the non-decision portion of simple reaction 

time is at least 100ms (Hervey et al., 2006). Perseverations were assessed as being 

incorrect responses, meaning that the trial was scored as incorrect and RTs for these trials 

were not included in the mean RT calculations. The mean percentage of Go Trials that 

were perseverations was examined using paired t-tests (or the non-parametric equivalent) 

to determine if there were differences between the two CP tasks at each level (100 ms and 

200ms).  One-way ANOVAs were used to determine if there were differences between 

the three groups on the mean percentage of perseverations. 

 After analysis of the perseveration data it was determined that the 100ms cut-off 

for perseverations would be utilized in the analysis of the response inhibition data. This 

cut-off was in line with the CPT definition of a perseverative response and subjects had a 

very small percentage of responses that fell below this cut off. Perseverative responses 

were counted as errors on the CP1 and CP2 tasks and RTs for those trials were removed 

from the RT calculations. 

 Due to the 200ms display time in the SP task during which the subjects could not 

respond there was no way to determine the exact amount of perseverations that may have 

occurred during this task. If no response was recorded during a trial on the SP task it 

could have meant that the response was perseverative (below the 100ms cut-off) or a true 

omission. In order to determine the possibility of perseverations in the SP task, the 

original data without the 200ms addition was examined. Go Accuracy for the SP task was 
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examined because if the subject was responding very fast (the response would not be 

recorded) then they would have low Go Accuracy. In general there was very high Go 

Accuracy on the SP task (Mean = 90.9738; SD = 9.36733).  Only four subjects were 

more than two SDs below the mean and only six subjects were one or more SDs below 

the mean.  This would indicate that, in general, subjects were correctly responding to the 

target after the 200ms display time.  

It was found that subjects identified above who had low Go Accuracy on the SP 

task (many omissions, which may have been perseverative responses [responses during 

the 200ms stimulus display time]) also tended to have low Go Accuracy on the two CP 

tasks, and a high number of perseverations. The mean number of perseverations with this 

sub-group was 16 (average of 16.84% of total Go responses) for the CP1 task and 19.5 

(average of 20.53% of total Go responses) for the CP2 task. Those with low Go Accuracy 

also tended to have many RTs at low values (between 1 and 100) on the SP task as 

determined by examining histograms for this group. This may indicate that they were 

pressing the button very quickly and therefore some of their Go responses may have been 

missed due to the 200ms display time (we could approximate about 20% or so, based on 

the perseveration data from the CP tasks). 

The first trial of each run of the Go/No-Go tasks was removed due to excessively 

long response times and frequent incorrect responses. It appears that subjects required the 

first trial to orient them to the task. 

Sustained Attention and Vigilance in Response Time 

In order to examine sustained attention and vigilance over the course of the tasks, 

the slope of the RT over the length of each task was calculated for each subject. To 
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equate the tasks for this measure we only examined the first 388 seconds (the total time 

of the CP tasks, as it was the shortest in length) of the two CP tasks and the SP task. For 

the CPT task we examined the first three of the six blocks of equal number of trials (with 

each ITI of 1, 2 and 4 seconds, being represented in each of the blocks). The first three 

blocks of the CPT task represented a total of 420 seconds. For the two CP tasks and the 

CPT task, slope was calculated for each subject using a linear regression in SPSS with Y 

variables being response times across the task (the dependent variable) and the X 

variables being the timings for each response (independent variable). Because these tasks 

were computer paced, the timings remained the same for all subjects. For the SP task 

slope was calculated for each subject with Y variables being their response times across 

the task and the X variables being the timings for each response. For the SP task the 

timings were variable and depended on the subject, as they went at their own pace in this 

task. 

One-way ANOVAs were performed for each task to determine if there were 

differences between the three groups on the mean slope of RT. Mean RT over time was 

graphed for each task independently. One-way ANOVAs were also performed to 

determine if there were differences between the mean slope values for the four different 

tasks. These ANOVAs were completed for all subjects combined (with task [CP1, CP2, 

SP, CPT] as the independent variable and RT slope values as the dependent variable) and 

for each individual group.  

Sustained Attention and Vigilance in Accuracy 

In order to examine if there was a difference in No-Go Accuracy 

vigilance/sustained attention versus Go Accuracy vigilance/sustained attention on the CP 
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tasks, the No-Go and Go trials were separated. Accuracy values for all subjects were 

averaged for each trial and the mean accuracy scores for each subjects and for each group 

were calculated into a percentage correct value. A regression was performed with the 

percentage correct values regressed against time using a Linear Regression model in 

SPSS. This data was also graphed for visual inspection. 

An analysis, like the one conducted for the slope of RT, was conducted looking at 

the slope of accuracy for each of the tasks (CP1, CP2, SP, and CPT).  Slope of accuracy 

was calculated using a regression analysis in SPSS with accuracy as the dependent 

variable and time as the independent variable. For the CP and SP tasks we examined the 

first 388 seconds of the task (the length of time of the shortest task) and the first 3 blocks 

of the CPT task (420 seconds). 

One-way ANOVAs were performed for each task to determine if there were 

differences between the three groups on the mean slope of accuracy. ANOVAs were also 

performed to determine if there were differences in the mean accuracy slope values for 

the four different tasks, where task (CP1, CP2, SP and CPT) was the independent 

variable and the slope of accuracy was the dependent variable. This analysis was 

completed for all subjects combined and for each individual group.  

In order to compare the changes in RT and accuracy using the RT and accuracy 

slopes, these variables were graphed for visual inspection. Both of the vigilance analyses 

indicated that performance worsened over time, and the graphs were made to determine if 

all three groups demonstrated a similar relationship between RT and accuracy. This was 

completed for the SP, CPT and CP-Average (the slope values for the two CP tasks were 

averaged). 
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To compare the differences in performance between the computer paced (CP) and 

self-paced (SP) tasks, the difference between the CP-Average and SP task slopes for RT 

and accuracy were calculated and graphed for visual inspection. 

Concatenating the Two CP tasks 

An analysis was undertaken to determine if the two identical CP tasks could be 

concatenated into one long task, which would improve power to detect significant 

differences when comparing these tasks to the other Go/No-Go tasks. Several variables 

were examined to determine if there were significant differences between the two tasks, 

for all subjects combined and for the individual groups. Variables examined included: 

percent of Go trials that were perseverations; overall accuracy; Go accuracy; No-Go 

accuracy; mean RT; median RT; and CV. The comparisons between the two tasks were 

made using paired t-tests or Wilcoxon’s Z test.  

Sustained attention and vigilance data demonstrated that the CP2 task appeared to 

be like an extension of the CP1 task when examining the slope data. The CP1 and CP2 

tasks were identical in administration and the CP2 task was presented directly after the 

CP1 task during the same fMRI session. The question of whether subjects “reset” to the 

same response time or accuracy starting point during the interval between the CP1 and 

CP2 tasks was examined using the intercept data from the linear regression analysis 

performed during the slope calculations. One-way ANOVA analysis was used to 

determine if there were significant differences between the three groups on the mean RT 

and accuracy intercept values for CP1 and CP2. Paired t-tests were used to determine if 

there were significant differences between the CP1 and CP2 tasks on the mean RT and 
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accuracy intercept values. This was completed for all subjects combined, and for each 

individual group. 

Additionally, in future analysis sections that examined the CP tasks, the order of 

the trials was not an important focus, as in other sections we wanted to look at individual 

trials, or individual types of trials, to obtain an average. The order of the trials from the 

beginning to the end of the task was not to be a factor in the analysis. Based on the above 

analysis it was decided to concatenate the two CP tasks into one long task to compare to 

the SP and CPT tasks. From this point on the combined CP1 and CP2 tasks will simply 

be referred to as the CP task. 

Comparison of the SP and CP Tasks 

The main section of analysis examines the major differences between the two 

Response Inhibition tasks, the SP task and the concatenated CP task (with the 100ms 

perseverations removed). First, one-way ANOVA analysis was used to determine if there 

were significant differences between the three groups on the main variables of interest for 

the two tasks (% Correct, Go Accuracy, No-Go Accuracy, RT and CV).  

In order to determine if there were significant differences between the two tasks, 

several variables were compared using paired t-tests (or the non-parametric equivalent, 

Wilcoxon’s Z). These variables included % Correct, RT, and CV. Comparisons were 

made for all subjects combined into one group and for each individual group. Accuracy 

on the SP and CP tasks was also broken down into Go Accuracy, which is a measure of 

sustained attention, and No-Go Accuracy, which measured Response Inhibition. Go and 

No-Go Accuracy was compared to determine if there were significant differences 
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between the two tasks for mean accuracy using paired t-tests, for all subjects combined 

into one large group and for each individual group.  

In the same manner, paired t-tests were conducted to determine if Go and No-Go 

Accuracy values between the two tasks were significantly different. The relationship 

between Go and No-Go Accuracy was also examined using correlational analysis. 

The relationship between variables on the SP and CP tasks was explored through the use 

of correlational analyses and regression analyses. Another method used to assess the 

relationship between the SP and the CP task was to calculate the Δ values (change in 

value of variable from the SP to the CP task). These Δ values (Accuracy, CV, RT, Go 

Accuracy and No-Go Accuracy) were then compared (using graphed data) to several 

variables from the two response inhibition tasks. 

Control Task 

This section compared subjects’ performance on a control task for the response 

inhibition tasks (CP and SP) and determined if there were any notable differences 

between the control task variables and the Go/No-Go task variables. The control task was 

a very simple reaction time task, which served as a baseline for the CP and SP tasks. In 

this section comparing the control task with the two Go/No-Go tasks, some of the mean 

values for the SP task variables are different from the section comparing the two tasks 

(i.e. values for Accuracy, RT, and CV) because one subject was missing control data. 

One-way ANOVAs were utilized to determine if there were any differences between the 

three groups on mean Accuracy, RT, or CV on the control task. Paired t- tests (or the 

non-parametric equivalent) were used to determine if there were differences in mean task 

performance between the control task and the two response inhibition tasks (SP and CP). 
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The relationship between variables (Accuracy, RT, CV) on the SP, CP and Control tasks 

was explored through the use of correlational analyses and regression analyses. 

Rare Go Stimulus T 

 In the SP and CP response inhibition tasks the rare Go stimulus (T) was included 

as a control for the (rare) No-Go Stimulus. An analysis was conducted to determine if 

subjects responded differently to the rare Go Stimulus, T, compared to the frequent Go 

Stimulus, X. The difference between the variables Accuracy, RT and CV on X and T 

trials were examined using paired t- tests (or the non-parametric equivalent) to determine 

if there were significant differences between these two types of trials. This analysis was 

completed for all subjects combined and for each individual group. 

Go Trials Following Long No-Go Trials During the SP Task 

 During the SP task the correct response to a No-Go trial is no response. The 

computer program would wait four seconds before presenting the next trial to give the 

subject enough time to respond. This four second delay for a correct No-Go response 

dramatically slowed the pace of the SP task, since for Go trials the next stimulus 

appeared essentially immediately after the previous response. This section examined if 

the extra time the subjects had before these particular Go trials affected their performance 

in terms of accuracy and RT. Special Go trials (those occurring after a No-Go trial) were 

separated from all other Go trials. There were 40 No-Go trials and therefore 40 Special 

Go trials. Additionally, all Go trials that were preceded by an incorrect No-Go trial (the 

subject responded and therefore there was no four second delay) were removed from the 

analysis. The Go trials that were removed (those preceded by an incorrect No-Go trial) 

will be examined in a later section. 
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 After separating the Special Go trials (those preceded by a correct No-Go trial), 

mean accuracy, RT and CV were calculated for both the Special Go trials and the rest of 

the Go trials. Paired t- tests (or the non-parametric equivalent) were utilized to determine 

if there were differences in the variables between the two types of Go trials for all 

subjects combined, or for each individual group. One-way ANOVAs were performed for 

Special Go Trials, Other Go trials and the differences between the two types of trials (∆ 

values) to determine if there were differences between the three groups on performance 

for Accuracy, RT and CV. Correlations were also performed to determine the strength of 

the relationship between Accuracy, RT and CV on the two types of trials. 

Prepotent Response 

 The Go/No-Go paradigm used frequent Go trials to set up a prepotent Go 

response. This section of analysis was undertaken to determine if the number of Go trials 

preceding a No-Go trial affected accuracy on No-Go trials. For both the SP and CP tasks, 

No-Go trials with the same number of Go trials preceding were compiled (Table 2) and 

mean accuracy was calculated for each category of No-Go trials.  

Table 2. Number of No-Go trials for the SP and CP tasks for each level of # of Go trials 

preceding. 

________________________________________________________________________ 

# of Go Trials Preceding SP task - # of No-Go Trials CP Task - # of No-Go trials 

________________________________________________________________________ 

1     8    2 

2         4 

3     8    6 

4         8 

5     9    2 

6         2 

7     7    2 

9     8    4 

10         2 

________________________________________________________________________ 

CP: Computer paced; SP: Self-paced 
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 Accuracy data was graphed for each group and the slope of the change in 

accuracy with increasing number of Go trials before a No-Go trial was calculated. 

Regressions were completed with the number of trials preceding as the independent 

variable (X) and the mean group accuracy of those specific No-Go trials as the dependent 

variable (Y).  Individual subject data was also used to perform regression to calculate 

slope values for each individual subject. 

 A one-way ANOVA of slope values for each task (SP and CP) was completed to 

determine if there were significant differences in the mean slope values between the three 

groups. Paired t- tests were also completed for all subjects combined in one group and for 

each separate group to determine if there were significant differences in the mean slope 

values between the two Go/No-Go tasks. 

Inter-trial Intervals (ITIs) 

 

 This section examined whether subjects responded more or less accurately or with 

a different mean response time on the Go trials with a longer ITI or a shorter ITI. A 

second question was if the long ITIs affected performance on the current trial, the next 

one, or neither. A long ITI meant that the subject had a few seconds longer to rest and 

prepare for the next stimulus. This analysis included the CP, SP and CPT tasks. The CPT 

task had three ITIs of 1, 2, and 4 seconds that occurred in blocks and were set by the 

computer program. The CP task had ITIs that ranged from 2.7 to 6.7 seconds in a jittered 

design that were set by the computer program. The SP task had variable ITIs depending 

on the subject as ITI was set by subject response time (the time in between subject 

responses) and in general these ITIs were very short, with the majority falling below 2 

seconds. For the SP task, mean ITI after a response was calculated for each subject. A 
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long ITI on the SP task was 5.2 seconds, which occurred after no response (an incorrect 

Go trial or a correct No-Go trial). For all tasks, trials were sorted by ITI and mean Go 

accuracy and mean RT was calculated for each level of ITI. 

 Part A The effects of ITI on the subsequent response. This section examined the 

effects of the ITI on the subsequent response. Accuracy values are representing Go trials 

only. For the CPT and CP tasks all Go trials that were preceded by a No-Go trial were 

removed from the analysis and all Go trials that were preceded by an incorrect Go trial 

were also removed from the analysis. This was completed as subjects may respond 

differently after a No-Go trial (these responses are specifically examined in another 

section) and also subjects may respond differently after making a mistake (i.e. an 

incorrect Go [omission] or an incorrect No-Go [commission]). 

 For the SP task the long ITIs on the preceding trial were caused by either a correct 

No-Go response or an incorrect Go response. These are two very different types of 

responses as a correct No-Go response is generally an indication of good response 

inhibition whereas an incorrect Go response is an indication of a loss of attention. But it 

is possible that a “correct” No-Go response could also be the result of a loss of attention. 

If a subject had lost attention and did not respond on a No-Go trial, this would be scored 

as correct. There was a higher proportion of incorrect Go trials compared to correct No-

Go trials and analysis was undertaken to determine if there was a difference in the trials 

occurring immediately after these two types of special trials that resulted in a long ITI. 

Paired t- tests (or the non-parametric equivalent) were used to determine if there were 

significant differences between the two types of trials in question: a) Go trials preceded 

by a correct No-Go trial and b) Go trials preceded by an incorrect Go trial. 
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 There were no significant differences found for either Accuracy or RT between 

these two types of Go trials for all subjects combined or for the separate groups. Because 

there were no differences found between the two types of trials, all Go trials were 

included in the SP analysis in order to have more power to determine if there were 

differences in subject responses between the short and long ITIs. 

 For each subject, slope values of the change in accuracy and RT were calculated 

using a regression analysis with performance variables (Accuracy, RT) as the dependent 

measure and level of ITI as the independent measure. The change in Accuracy and RT 

was examined across the increasing ITIs. One-way ANOVA was utilized to determine if 

there were significant differences between the three groups on the mean slope values for 

accuracy and RT. 

 The mean accuracy and RT slope values for each task were also examined using 

one-way ANOVAs to determine if there were any differences in slope values between the 

three tasks (CP, SP and CPT). This analysis was completed for all subjects combined and 

for each separate group. 

 Due to the fact that the SP task only had two ITI levels (long and short) a separate 

analysis was completed for this task only. This was undertaken to determine if there was 

a difference in accuracy or RT between trials preceded by short versus long ITIs. This 

analysis was completed using paired t- tests (or the non-parametric equivalent) to 

determine if there were differences (for all subjects combined and for each individual 

group) between the short and long ITIs on the SP task. 

 Part B The effects of ITI on the current trial. This section examined the effects of 

the ITI of the current trial. For this analysis all No-Go trial were removed from the 
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accuracy counts and all Go trials were included. As in the analysis for the previous 

section (effects of ITI on the subsequent response) for each subject, slope values were 

calculated using a regression analysis in SPSS. This was completed only for the CP and 

CPT tasks. Because the SP task’s long ITI trials were either correct No-Gos or incorrect 

Gos there was no response for those trials, and so therefore no RT values. For the CP and 

CPT task the change in Accuracy and RT was examined across the increasing ITIs. One-

way ANOVA was used to determine if there were significant differences between the 

three groups on the mean slopes of accuracy and RT. 

 Mean accuracy and RT slope value between the CP and CPT tasks was also 

compared using paired t tests (or the non-parametric equivalent). This was completed for 

all subjects combined and for each separate group. 

Error Detection 

 This section of analysis was used to determine how subjects responded prior to 

and just after a commission error. The goal of this section was to determine if Go trials 

preceding commission errors, or Go trials immediately after commission errors, were 

different from all other Go trials. In other words, to determine if a subject was already not 

taking the time or effort to process the stimulus and execute the correct response even 

before a No-Go error occurred. And to examine how subjects responded when they made 

an error. Previous research has indicated that RT on Go trials preceding a commission 

error was shorter than mean RT. Comparisons were made across the three tasks and 

between the three groups (Part A). 
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 Commission RTs were also examined to determine if commission RTs were 

shorter than overall mean RT, as found in other studies. Comparisons of mean 

commission RT were made across the three tasks and between the three groups (Part B). 

 Part A. The specific Go trials in question (correct Go trials before a commission 

error) were separated from all other Go trials. For this section only, the data set with all 

“perseverative” responses (responses under 100ms) was utilized. In this case, the very 

short RTs are an indication that the subject was likely not paying attention to the stimulus 

and therefore were important to consider. For the CP task there were a total of 32 

possible target trials. For the SP task there were 40 possible target trials. Mean RT for 

these special trials was compared to mean Go trial RT using paired t tests to determine if 

there were differences between these two types of Go trials. 

 The relationship between the mean Pre-Error RT, the difference between mean 

RT and Pre-Error RT, and perseverations was examined for the CP and CPT tasks using 

correlational analysis and graphed data. Perseveration data was not available for the SP 

task due to task design, as indicated earlier. The correlation between Pre-Error RT, the 

difference between mean RT and Pre-Error RT and Go accuracy was also examined in a 

similar manner. One-way ANOVA was utilized to determine if there were significant 

differences between the three groups on the mean Pre-Error RT on the three tasks. 

 Post-commission Go-trial RTs were also examined using paired t- tests to 

determine if there were differences between mean Post-commission RT and mean RT for 

the two tasks (CP and SP) for all subjects combined and for the separate groups. One-way 

ANOVA was utilized to determine if there were significant differences between the three 

groups on Post-commission RT for either of the tasks. In addition, mean Post-
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commission RT was compared between the CP and SP tasks using a paired t -test to 

determine if there were differences in responding after an error between the two tasks. 

 Part B. The RTs of commission errors were examined to determine if the mean 

commission RT was shorter than mean RT as found in other research.  RTs for 

commission errors were compiled from the individual subject data and averaged. For the 

SP task, 200ms was added to each commission error RT to account for the 200ms display 

time during which the subject could not respond (as done for the SP Go trial RTs). Mean 

RT was compared to mean commission error RT using paired t- tests to determine if there 

was a significant difference between correct and incorrect responding. This was 

completed for all subjects combined and for each separate group. One-way ANOVA was 

utilized to determine if there were significant differences between the three groups for 

mean commission error RT. One-way ANOVA was also used to determine if there were 

significant differences in mean commission error RT values between the three tasks. This 

was completed with the task (CP, SP and CPT) as the independent variable and mean 

commission error RT as the dependent variable. 

CPT Task Comparison 

 The purpose of this section was to directly compare the Conners’ Continuous 

Performance Test (CPT) task with the fMRI Response Inhibition tasks (CP and SP). The 

CPT is a standard psychological measure that examines sustained attention, response 

inhibition, and vigilance. The CPT and the CP/SP tasks were similar in design and 

administration but had some notable differences in timing of stimuli (discussed above), 

stimuli used during the task, and the blocked design of the CPT. 
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 Perseverations on the CPT task were defined as all responses that occurred under 

100ms. This was the cut-off used for the CP task as well. The mean percentage of Go 

trials that were perseverations was calculated for these two tasks and compared using a 

paired t-test (or the non-parametric equivalent) to determine if subjects had a higher level 

of perseverations on one of the tasks. 

 CPT variables (overall Accuracy, Go Accuracy, No-Go Accuracy, RT and CV) 

were examined using one-way ANOVA to determine if there were differences in mean 

performance on these variables between the three groups. These variables were then 

directly compared to the CP and SP tasks (all subjects combined and by group) to 

determine if there were significant differences between the various response inhibition 

tasks (one standard psychological measure and two measures designed for this study). 

 Two additional variables calculated by the CPT-II, Detectability or d' and 

Response Style Indicator or β, were examined for how they could apply to the CP and SP 

tasks and could be calculated using the raw data from these tasks. Detectability (d’) is a 

measure of how well the respondent discriminates non-targets (i.e. the letter X [or A], 

No-Go stimuli, or the noise) from targets (i.e. all other letters, or the Go stimuli) and is a 

measure of attention. The value of d' is a signal detection statistic that measures the 

difference between the signal and noise distributions. The greater the difference found 

between the signal and noise distributions, the better the ability to distinguish non-targets 

and targets.  The Response Style Indicator (β) represents an individual’s response 

tendency. Some individuals are cautious and choose not to respond very often. They want 

to ensure they are correct when they give a response and avoid commission errors. This 

would be reflected with higher values of β. Other individuals respond more freely to 
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make sure they respond to most or all targets and are less concerned about mistakenly 

responding to a non-target. This style would be reflected in lower β values. 

 The variables d’ and β were calculated for the CP, SP and CPT task using 

formulas provided by MHS, the company that licenses the CPT-II (L. Ayearst, personal 

communication, September 16, 2014). Once the variables were calculated they were 

compared using one-way ANOVA to determine if there were significant differences in 

the means between the three groups for each of the variables for each of the tasks. In 

addition, to determine if the subjects has similar response styles across tasks, the values 

for d’ and β were compared across tasks for all subjects combined and for each individual 

group. This was completed using one-way ANOVA with task (CP, SP, CPT) as the 

independent variable and variable values (d’ and β) as the dependent variables. 

Momentary Lapses in Attention/Long RT Analysis 

 Momentary lapses in attention while a subject was completing a response 

inhibition task may have resulted in occasional long RTs. An analysis of the mean and 

median RT values for each task and group indicated that there was a significant 

difference between the mean and median RT for both the CP and SP tasks and this was 

significant for all subjects combined and for each of the separate groups (all p values at or 

below .001). Long RTs, if viewed as lapses in attention, are outliers in the RT profile. 

This section of analysis was undertaken to determine if there was a difference in the 

number of long RTs between groups and between the two tasks and how RT and CV 

were affected when these long RT trials were removed (as is sometimes completed in 

other studies to remove the outliers). 
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 Several previous research papers examining RT in response inhibition tasks 

defined a long RT based on a time cut-off in milliseconds for a “hit trial”. Nakata et al. 

(2005) indicated a long RT was one that exceeded 500ms. Wiersema, Van der Meer and 

Roeyers (2005) used a 1200ms cut-off. And finally Van der Meer et al. (2009) reported a 

1500ms cut-off for a hit trial. The RT data from this study was examined and a value was 

found for two standard deviations above mean for each task (all subjects combined and 

for each group). This value was, on average, approximately 1000ms for both tasks. 

Therefore, values over 1000ms could be seen as outliers and RTs that could have 

possibly reflected a loss of attention. In order to be conservative it was decided to use a 

cut-off of 1200ms (median range of the previous research studies) to define a long RT. 

 Long RTs (those over 1200ms) were removed from the RT data for the CP and SP 

tasks. The number of these long RT trials was calculated for each subject. Mean RT and 

CV were then re-calculated without the long RT trials. 

 One-way ANOVA was used to determine if there were significant differences 

between the three groups on the mean number of long RTs for both the CP and SP tasks. 

Paired t- tests (or non-parametric equivalent) were used to determine if there was a 

difference in the mean number of long RT trials between the two tasks, for all subjects 

combined and for each separate group. 

 Mean RT and CV with the long RT trials removed were examined using ANOVA 

to determine if there were any changes in the mean RT or CV profiles (differences 

between the three groups) with the long RT trials removed. Mean RT and CV with and 

without the long RT trials was compared for both the CP and SP tasks using paired t- 

tests (for all subjects combined and for each group). Mean difference values (Δ) between 
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RT and CV with and without the long RT trials were also compared with ANOVA to 

determine if subjects had a larger change in mean RT or response variability (CV) when 

the long RTs were removed. 

 Mean RT and CV with the long RT trials removed was compared between the two 

tasks, CP and SP, using paired t-tests (or the non-parametric equivalent depending on the 

normality analysis) to determine if subjects were still faster and more variable on the SP 

task compared to the CP task even with the long RT trials removed. 

 Finally, the number of Long RT trials removed and the number of omission 

errors, both thought to be measures of attention, were correlated to determine the level of 

relationship between these two variables. It was hypothesized, that since both variables 

were indications of loss of attention they should be highly correlated. 

fMRI Covariate Analysis 

 Psychological variables were used as covariates in the fMRI data analysis. Further 

fMRI analysis and technical information can be found in other papers written as part of 

the larger research project (Malisza et al., 2012; O' Conaill et al., 2015). Group 

comparisons for the two clinical groups (ARND and ADHD) with and without covariates 

were used to determine brain regions affected during task performance.  Between-group 

comparisons were completed using two-sample, one-tailed t-tests. The covariate for the 

1-back task was the Digit Span Backwards Standard Score from the WISC-IV. The 

covariate for the Go/No-Go task was the Commissions score from the CPT. The covariate 

for the Spatial Cueing and Conjunction tasks were the Response Time Block Change 

(RTBC) and CV values from the CPT data. fMRI data were analyzed using a general 

linear model analysis with SPM5 (London, UK). SPM (Statistical Parametric Mapping) is 



                                                                                            ARND, ADHD and fMRI   101 

a statistical program that is used to identify functionally specialized brain responses and 

is “the most prevalent approach to characterizing functional anatomy” (Karl J.Friston, 

2004). Data were analyzed using fMRI scans corresponding to trials in which the subjects 

responded correctly. The covariate analysis was conducted to determine if the regions of 

functional activity in the brain change when controlling for the psychological variables. If 

there was no change in functional activation with the addition of the covariates than this 

would allow us to determine that even if we accounted for performance on the 

psychological tests, the brain activity was significantly different between groups and the 

covariates do not affect the results. 

Results 

Neurobehavioral Profile 

 After examination of the variables for normality, several of the variables were 

transformed to ensure that they met the assumptions of normality and homogeneity of 

variance. The VCI was transformed using cosign transformation. Omissions were 

transformed using reciprocal whereas commissions were transformed using sin. The 

variables on the CRS were all transformed using a natural log transformation. Normality 

results were satisfactory after transformations were complete. A total n of 65 (24 ARND, 

20 ADHD and 21 TD) was utilized for this analysis. No cases were deleted from the 

analysis as missing values occurred across the sample in a random pattern and totalled 

less than 5% of the entire data set. In addition, there were no more than 5% of missing 

values from any one variable. Group mean was used to estimate missing data values 

(Tabachnick & Fidell, 2007). 
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 A one-way MANOVA revealed a significant multivariate main effect for group, 

Wilks`Lambda λ = 0.177, F (24, 102) = 5.844, p < 0.001, partial eta squared = 0.579. 

Power to detect the effect was 1.00. Thus the hypothesis that group had an effect on the 

scores on several measures (psychological assessment results) was confirmed. The 

homogeneity of variance-covariance matrices was conducted using Box’s M Test and 

Box’s M = 234.149, F (156, 9799) = 1.073, p = 0.254. This non-significant result 

indicated that there were no issues with the homogeneity of the variance-covariance 

matrices.  

 Univariate ANOVAs were then conducted to determine which of the dependent 

variables were significantly different among the groups (Table 4). These variables were 

initially examined using the stepwise Generalized Holm-Bonferroni procedure 

(Keselman, Miller, & Holland, 2011) with a 0.10 overall alpha value, but it was also 

noted that all of the univariate Fs would remain significant when using the more stringent 

Bonferroni correction at .05 alpha. All post hoc comparisons were conducted using a 

Tukey post hoc test. 

The values for Omissions were transformed from T scores (mean of 50 with a 

standard deviation of 10) with a reciprocal transformation. Higher T scores (indicating a 

greater problem with omission errors) were reflected by lower transformed omission 

scores. In the case of Omissions, the ARND group demonstrated greater problems with 

Omissions on the CPT. 

The values for Oppositional (Opp), Cognitive Problems/Inattention (Cog), 

Hyperactivity (Hyp), and Anxiety/Shyness (Anx) were transformed from T scores (mean 

of 50 with a standard deviation of 10) with a natural log transformation. Higher T scores 
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(indicating a greater difficulty with those variables) were reflected by higher naturally 

logged variable scores.  

Table 3. Univariate ANOVAs for the MANOVA analysis 

Variable ARND ADHD  TD  F p Post Hoc 

PRI    88.79 104.25  109.05  13.810 <.001 ARND<ADHD; TD 

    (13.36) (15.47)  (11.80) 

WMI   68.33  89.80  100.86  32.286 <.001 ARND<ADHD<TD 

   (15.93) (12.28)  (12.65)    

PSI   78.71  86.25  100.81  11.958 <.001 TD>ARND; ADHD 

   (12.92) (15.87)  (17.08) 

OMrec  .018  .021  .022  12.397 <.001 ARND<ADHD; TD 

   (.003)  (.003)  (.002) 

OppNL  4.25  4.16  3.86  19.646 <.001 TD< ARND; ADHD 

   (.202)    (.243)  (.201) 

CogNL  4.27  4.17  3.89  41.929 <.001 TD<ARND: ADHD 

   (.156)  (.158)  (1.06) 

HypNL  4.29   4.31  3.96  24.163 <.001 TD<ARND; ADHD 

   (.203)  (.193)  (.148) 

BRI   76.67  72.45  48.14  30.709 <.001 TD<ARND; ADHD 

   (14.41) (12.50)  (11.43) 

MCI   74.25  70.20  48.19  54.270 <.001 TD<ARND; ADHD 

   (9.66)  (7.42)  (9.14) 

AnxNL  4.17  4.05  3.93  8.451 .001 ARND>TD 

   (.202)  (.210)  (.185)  

Anx: Anxiety/Shyness scale; BRI: Behavioral Regulation Index; Cog: Cognitive 

Problems/Inattention scale; Hyp: Hyperactive scale; MCI: Metacognition Index; NL: 

natural log transformation; OM: Omissions; Opp: Oppositional scale; PRI: Perceptual 

Reasoning Index; PSI: Processing Speed Index; rec: reciprocal transformation; WMI: 

Working Memory Index 

 

Table 3 shows that, on six of the variables (PSI, Oppositional, Cognitive 

Problems/Inattention, Hyperactivity, BRI, and MCI), the two clinical groups were 

significantly different than the TD group, indicating more problems in the areas 

measured, but there was no significant difference found between the two clinical groups. 

On two variables (PRI and Omissions) the ARND group was significantly different than 

the TD and ADHD groups. They had lower scores on the PRI (non-verbal reasoning 

abilities) and lower mean values of the reciprocally transformed Omissions T-score 
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(which is representative of higher actual scores on Omissions, indicating problems with 

sustained attention). The ARND group also had a higher level of parent reported 

Anxious/Shy behaviours than the TD group. The WMI was the only variable that was 

able to distinguish the three groups with the ARND group having lower scores 

(indicating more problems) than the ADHD group, who in turn had lower scores than the 

TD group. There were no significant differences found for VCI and Commissions.  

fMRI and Psychological Data 

Working Memory  

A total n of 63 was utilized for this analysis (22 ARND, 20, ADHD and 21 TD). 

The following correlational matrix (Table 4) was computed (using Spearman’s 

correlation coefficient) for assessing the relationship between the psychological variables 

and the fMRI task variables for all subjects combined into one group. 

Similar correlational matrices were computed for each separate group as well, but 

these demonstrated many non-significant correlations and did not provide any further 

useful information. Bonferroni correction for this matrix was .05/44 comparisons = .001. 

The bolded correlation coefficients (Table 4) remained significant after controlling for 

multiple comparisons. The measures that assessed cognitive functioning, including FSIQ, 

PRI, WMI, PSI, Digit Span (DS), Digit Span Forward (DSF) and Letter Number 

Sequencing (LNS), were strongly and positively correlated with the accuracy measures 

on the Working Memory task. The greater a subjects score on the psychological variables 

that measured the cognitive domains (with higher scores indicating greater cognitive 

functioning), including memory, the higher their accuracy on the Working Memory tasks. 
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Table 4. Working Memory Task Comparison Correlational Matrix 

________________________________________________________________________ 

Variable 0back% 0backRT 1back% 1backRT 

________________________________________________________________________ 

FSIQ  .518*  -.306  .594*  -.282 

VCI  .350    .431*     

PRI  .456*  -.271  .483*  -.230 

WMI  .602*  -.303  .629*  -.242 

PSI  .409*  -.396*  .512*  -.377* 

DSscale .434*    .490*      

DSFscale .437*  -.239  .571*   

DSBscale .261    .385*    

LNSscale .518*  -.293  .535*  -.227 

WMbrief -.444*  .421*  -.542*  .396* 

 Monitor -.350  .415*  -.485*  .428* 

________________________________________________________________________ 

DSscale: Digit Span scaled score; DSBscale: Digit Span Backwards scaled score; 

DSFscale: Digit Span Forward scaled score; FSIQ: Full Scale IQ; LNSscale: Letter-

Number Sequencing scaled score; PRI: Perceptual Reasoning Index; PSI: Processing 

Speed Index; VCI: Verbal Comprehension Index; WMbrief: Working Memory scale 

from the BRIEF; WMI: Working Memory Index; %: percent correct 

Correlations significant between p = .05 and .002 are in non-bolded font. 

* Significant at or below .001 

 

RT was not significantly correlated to any standardized cognitive measure except 

processing speed where there was a strong negative correlation. Higher the PSI scores 

(quick and efficient visual processing skills) were correlated with shorter mean RT (quick 

responding to the working memory stimuli). The Digit Span Backwards (DSB) had 

moderate to weak correlations with the Working Memory accuracy values and no 

relationship with RT. The variables from the BRIEF had opposite direction relationships 

with the Working Memory tasks than the WISC variables but this was due to the 

difference in measurement type between the two psychological tests. On the BRIEF, high 

scores indicate more problems in that area. 

ANOVAs were conducted to determine group differences (Table 5). Only 

variables that were not examined in the previous section will be reported here, although 
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all variables (15 total) were included in the Bonferroni correction (BC) to control for 

multiple comparisons in this section.  

Table 5. ANOVAs for the Working Memory Task Analysis 

Variable ARND ADHD  TD  F p Post Hoc 

FSIQ    74.18 96.55  107.81  32.728 <.001 ARND<ADHD<TD 

    (11.45) (16.87)  (13.08) 

VCI    74.32 103.65  111.24  30.468 <.001 ARND<TD; ADHD 

    (12.34) (22.17)  (13.41) 

DSscale  5.86  8.53  9.50  9.401 <.001 ARND<TD; ADHD 

    (3.34) (2.57)   (2.40) 

DSF    6.55  8.58  10.10  11.161 <.001 ARND<TD; ADHD 

    (2.61) (2.69)  (1.97) 

DSB    6.82  8.16  8.90  2.877 .064 

    (3.07) (2.433)  (2.99) 

LNS    3.36  8.32  10.45  30.674 <.001 ARND<ADHD<TD 

    (3.59) (2.89)  (2.37) 

WMbr     75.50 69.05  50.38  44.320 <.001 TD<ARND;ADHD 

    (9.09) (7.79)  (9.96) 

Monitor   71.27 68.95  47.67  40.547 <.001 TD<ARND;ADHD 

    (10.35) (8.98)  (8.56) 

0back % 87.14  89.46  95.63  5.291 .008 * 

    (10.73) (10.35)  (3.48) 

0back RT 905.68 964.57  739.55  3.992 .023 * 

     (323.58) (265.54) (184.05) 

1back % 78.98  79.79  94.87  11.506 <.001 TD>ARND;ADHD 

    (15.06) (13.88)  (4.25) 

1back RT 671.17 666.88  537.53  3.158 .050 * 

     (189.68) (183.17) (115.14) 

* Non-significant after controlling for multiple comparisons. 

DSscale; Digit Span scaled score; DSB: Digit Span Backwards scaled score; DSF: Digit 

Span Forward scaled score; FSIQ: Full Scale IQ; LNS: Letter Number Sequencing scaled 

score; VCI: Verbal Comprehension Index; WMbr: Working Memory scale from the 

BRIEF: %: percent correct 

 

 ANOVAs for the Working Memory analysis (Table 5) indicate that the two 

clinical groups were significantly different from the TD group (but not from each other) 

on WM scale from the BRIEF (WMbr), Monitor scale from the BRIEF (Monitor), and 

1back % correct. The TD group had lower scores on the BRIEF scales, indicating less 

problems, and higher scores on the accuracy measure for the 1-back task. The ARND 
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group was significantly different from both the TD and ADHD groups on VCI, DS, and 

DSF, with scores falling in the Borderline range. 

 Two variables, FSIQ and LNS, were able to distinguish all groups from each 

other. In both cases, the TD group had the highest scores (indicating highest 

achievement), followed by the ADHD group, and then the ARND group. The TD and 

ADHD groups were both well within the Average range on Full Scale IQ indicating 

average intellectual functioning. The ARND group was within the Borderline range for 

Full-Scale IQ indicating intellectual functioning that fell well below average. This was 

also the case for LNS, where the TD and the ADHD group’s scores were within the 

Average range, whereas the ARND group’s scale score was in the Extremely Low range. 

As noted earlier, in the MANOVA analysis, the WMI from the WISC-IV was also able to 

distinguish between the groups. The TD group had scores in the Average range, the 

ADHD group was in the Low Average range, and the ARND group was in the Extremely 

Low range. This was the area of greatest cognitive weakness for both the ADHD and the 

ARND groups (a full report of all WISC-IV index scores can be found in Appendix F). 

Conjunction 

A total n of 63 was utilized for this analysis (22 ARND, 20 ADHD and 21 TD). 

The following correlational matrix (Table 6) was computed (using Spearman’s 

correlation coefficient) for assessing the relationship between the psychological variables 

and the fMRI task variables for all subjects combined into one group. Conjunction refers 

to the overall accuracy for the conjunction task. Array I (AI) is the conjunction, or high 

distraction, condition during which two of the non-targets would share a feature with the 
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target. Array II (AII) is a disjunction, or low distraction, condition. Array III (AIII) is a 

low distraction disjunction (or pop-out) condition.  

Similar correlational matrices were computed for each separate group as well, but 

these demonstrated many non-significant correlations and did not provide any further 

useful information.  Bonferroni correction for the correlational matrix was .05/224 

comparisons = .00022. Significant correlations are bolded (Table 6). 

Table 6. Conjunction Task Comparison Correlational Matrix 

________________________________________________________________________ 

Variable Conj% ConjRT AI% AIRT AII% AIIRT AIII% AIIIRT 

________________________________________________________________________ 

FSIQ  .556* -.261 .568* -.279 .502*  .280 -.279 

VCI  .448*  .479*  .374     

PRI  .485* -.361 .476* -.408 .404 -.280 .256 -.344 

WMI  .615* -.248 .623* -.228 .518* -.236 .366 -.279 

PSI  .440* -.216 .432 -.219 .496*  .214 -.267 

OM  -.560*  -.603*  -.460*  -.259   

COM  -.510*  -.510*  -.440  -.312  

OMnum -.625*  -.655*  -.534*  -.354   

COMnum -.521*  -.515*  -.471*  -.328   

HitRT   .249  .273    .253  

HitRTraw  .277  .296    .276 

RTSE  -.470*  -.467* .237 -.413  -.310 .221 

CV  -.503*  -.510*  -.446*  -.319   

RTBC  -.470*  -.463*  -.356  -.362  

Var  -.515*  -.512*  -.441*  -.356  

Persev  .472*  -.486*  -.360  -.321  

Cog  -.500* .361 -.522* .394 -.357 .321 -.288 .352 

Hyp  -.305 .313 -.306 .343 -.305 .273  .304 

DSMin  -.460* .331 -.475* .349 -.344 .273 -.298 .348 

DSMhy -.327 .346 -.341 .379 -.313 .295  .348 

DSMtot -.417 .365 -.430 .390 -.352 .307 -.239 .375 

Inhibit  -.325 .306 -.328 .328 -.322 .276  .325 

Shift  -.383 .258 -.407 .277 -.250 .225 -.301 .261  

Initiate  -.448* .258 -.422 .272 -.385 .232 -.353 .277 

Plan/Org -.453* .309 -.479* .327 -.305 .268 -.255 .311 

Monitor -.399 .298 -.413 .329 -.326 .275  .294 

BRI  -.375 .230 -.385 .237 -.312 .215 -.247 .245 

MCI  -.435* .289 -.465* .312 -.329 .258 -.283 .284 

________________________________________________________________________ 
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AI: Array I; AII: Array II; AIII: Array III; BRI: Behavioral Regulation Index; Cog: 

Cognitive problems/Inattention scale; COM: Commissions; COMnum: Commissions in 

raw number; Conj: Conjunction; CV: coefficient of variation; DSMhyp: DSM 

hyperactive scale; DSMin: DSM Inattentive scale; DSMtot: DSM total; FSIQ: Full Scale 

IQ; Hyp: Hyperactive scale; MCI: Metacognition Index; OM: Omissions; OMnum: 

Omissions in raw number;  Persev: perseverations; PRI: Perceptual Reasoning Index; 

PSI: Processing Speed Index; RTBC: Response time block change; RTSE: Response time 

standard error; Var: variability; VCI: Verbal Comprehension Index; WMI: Working 

Memory Index; %: percent correct 

Correlations significant between p = .05 and .0003 are in non-bolded font. 

* Significant at or below .00022 

 

The measures that assessed cognitive functioning were strongly and positively 

correlated with the accuracy measures on the Conjunction task, including overall 

accuracy, Array I accuracy, and Array II accuracy. Other RT measures on the 

Conjunction task were not significantly correlated with any of the psychological 

variables. OM and COM scores from the CPT-II (both T-scores and raw scores) had 

strong negative correlations with accuracy measures, except for Array III. Neither OM 

nor COM were correlated with RT. Hit RT from the CPT-II (both T-scores and raw 

scores) was not significantly correlated with the Conjunction task RTs. Variability 

measures from the CPT-II had moderate negative correlations with accuracy measures 

from the Conjunction task except Array III, but no significant correlations with RT 

measures on the Conjunction task. 

The CRS inattention measures (Cognitive/Inattention and DSM Inattentive) had 

moderate to strong negative correlations with overall accuracy and Array I accuracy, 

whereas the DSM total variable was only correlated to Array I accuracy. BRIEF variables 

Initiate, Plan/Organize, and the MCI had moderate negative correlations with overall 

accuracy and Array I accuracy whereas the Monitor variable was only correlated with 

Array I accuracy. As noted, there were no significant correlations with Array III 
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(disjunction or pop-out condition) from the Conjunction task. As reported above, there 

were very few significant correlations with any RT measures from the Conjunction task. 

ANOVAs were conducted to determine group differences (Table 7). Only 

variables that were not examined in the previous section will be reported here, although 

all variables (35 total) were included in the Bonferroni correction to control for multiple 

comparisons in this section. 

Table 7. ANOVAs for the Conjunction Task Analysis 

Variable ARND ADHD  TD  F p Post Hoc 

OM    59.25 48.89  45.38  11.445 <.001 ARND>TD; ADHD 

    (13.89) (7.58)  (5.23) 

COM    58.85 51.53  46.48  4.854 .011 * 

   (10.70) (11.73)  (15.21)     

OMnum 27.19  13.11  4.67  11.29 <.001 ARND>TD; ADHD 

   (21.68) (13.11)  (6.51) 

COMnum 27.38 25.05  20.19  4.697 .013 * 

    (5.30) (7.65)  (9.66) 

Hit RT    50.30 51.85  47.71  .700 .501 

    (11.21) (11.55)  (11.22) 

HitRT raw 421.53 401.24  381.03  1.508 .230 

      (101.35) (56.04)  58.87) 

RTSE    18.06 12.95  8.87  8.255 .001 TD<ARND; ADHD 

    (10.67) (5.79)  (3.47)  

CV    .041  .032  .023  10.096 <.001 TD<ARND 

    (.015) (.013)  (.009) 

RTBC    .051  .024  -.004  8.623 .001 TD<ARND 

    (.055) (.039)  (.033) 

Var    46.03 27.21  17.87  8.931 <.001 TD<ARND 

    (30.99) (17.55)  (12.74) 

Persev    19.00 13.00  4.12  4.546 .015 * 

    (19.20) (19.80)  (5.13) 

Cog        71.89    65.58  49.00  30.644 <.001 TD<ARND; ADHD 

    (11.62) (11.03)  (5.20) 

Hyp    70.32 75.95  48.62  18.285 <.001 TD<ARND; ADHD 

    (19.78) (13.63)  (11.22) 

DSMin    71.26 65.89  49.38  26.339 <.001 TD<ARND; ADHD 

    (12.97) (10.57)  (5.24) 

DSMhyp 75.53 76.37  52.86  26.072 <.001 TD<ARND; ADHD 

     (14.48) (12.59)  (7.48) 
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DSMtot    75.05 72.05  51.38  31.475 <.001 TD<ARND; ADHD 

      (13.64) (10.35)  (5.98) 

Inhibit    76.24 75.84  50.38  26.246 <.001 TD<ARND; ADHD 

    (15.82) (12.04)  (10.97) 

Shift    74.24 64.21  48.24  23.309 <.001 TD<ARND; ADHD 

   (15.16) (12.14)  (9.27) 

Initiate    71.05 68.32  48.19  30.159 <.001 TD<ARND; ADHD 

    (11.19) (10.77)  (9.04) 

Plan/Org 73.29 67.95  49.95  39.086 <.001 TD< ARND; ADHD 

     (9.51) (7.52)  (9.50) 

Conj %   78.34 86.08  93.68  15.355 <.001 TD>ARND; ADHD 

    (10.80) (10.05)  (5.33) 

Conj RT  847.90 827.61  769.70  1.084 .345 

    (181.49) (176.43) (181.22) 

Array I % 71.04 82.31  91.67  15.427 <.001 TD>ADHD>ARND 

     (13.88) (13.99)  (7.61) 

Array I RT 882.99 843.67  799.02  1.117 .334 

       (185.97) (188.67) (178.10) 

Array II % 84.68 86.98  96.73  6.584 .003 * 

       (13.02) (14.34)  (4.69) 

Array II RT 817.01 831.80  754.08  .896 .414 

        (197.26) (209.57) (189.77) 

Array III % 86.02 92.46  94.64  6.035 .004 * 

        (11.43) (6.54)  (6.02) 

Array III RT 819.94 799.34  729.33  1.541 .223 

          (183.95) (158.43) (184.24) 

* No longer significant after controlling for multiple comparisons. 

Cog: Cognitive problems/Inattention scale; COM: Commissions; COMnum: 

Commissions in raw number; Conj: Conjunction; CV: coefficient of variation; DSMhyp: 

DSM hyperactive scale; DSMin: DSM Inattentive scale; DSMtot: DSM total; Hyp: 

Hyperactive scale; OM: Omissions; OMnum: Omissions in raw number;  Persev: 

perseverations; RTBC: Response time block change; RTSE: Response time standard 

error; Var: variability; %: percent correct 

 

 The results from the ANOVAs indicate that the two clinical groups, ARND and 

ADHD, were very similar in their pattern of scores, especially on the parent/caregiver 

rating scales. These two groups could easily be distinguished from the TD group based 

on parent/caregiver ratings, but could not be distinguished from each other. The ARND 

group was significantly different than the ADHD and TD groups on OM (both T scores 

and raw numbers) on the CPT indicating a problem with sustained attention on this task. 
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The ARND group was also significantly different from the TD group (but not the ADHD 

group) on measures of response variability (Var) on the CPT. Only one measure was able 

to significantly distinguish between the groups, and this was Array I % correct. There 

were no significant differences on any of the RT measures, Commissions, Perseverations, 

or % Correct measures for the Conjunction tasks except for Array I. 

Spatial Cueing 

A total n of 64 was utilized for this analysis (23 ARND, 20 ADHD and 21 TD). 

The following correlational matrix (Table 8) was computed (using Spearman’s 

correlation coefficient) for assessing the relationship between the psychological variables 

and the fMRI task variables for all subjects combined into one group. For the CPT 

variables, we examined both the T scores as well as the raw data when possible. 

Similar correlational matrices were computed for each separate group as well, but 

these demonstrated many non-significant correlations and did not provide any further 

useful information. Bonferroni correction for the correlational matrix was .05/162 

comparisons = .0003, which means that possibly only some of the comparisons would 

remain significant, as SPSS does not give significant levels below .000. Possible 

significant correlations are bolded (Table 8).  

Table 8. Spatial Cueing Task Comparison Correlational Matrix 

________________________________________________________________________ 

Variable SC% SC RT  Cue% Cue RT Miscue% MiscueRT 

________________________________________________________________________ 

FSIQ  .502*   .469*   .448*  -.287  

VCI  .389   .355   .341   

PRI  .347   .321   .320  -.300 

WMI  .600* -.210  .554*   .502*  -.333 

PSI  .433* -.296  .430* -.303  .403  -.289 

OM  -.574*   -.518*   -.517*   

COM  -.465*   -.420*   -.429*   

OMnum -.648*   -.597*   -.580*  .210 
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COMnum -.520*   -.474*   -.460*  .251 

HitRT   .227   .218     

HitRTraw  

RTSE  -.436* .247  -.398   -.391  .288 

CV  -.497* .211  -.454*   -.453*  .260 

RTBC  -.475*   -.457*   -.406   

Var  -.474*   -.434*   -.422*  .250 

Persev  -.485*   -.452*   -.454*   

Cog  -.471* .258  -.447* .237  -.352  .331 

Hyp  -.295 .277  -.330 .248    .253 

DSMin  -.435* .243  -.413 .215  -.327  .309 

DSMhy -.348 .264  -.310 .233  -.303  .296 

DSMtot -.412 .272  -.383 .243  -.322  .316 

Inhibit  -.347 .339  -.329 .326  -.299  .307 

Shift  -.391   -.345   -.345  .298 

Initiate  -.421*   -.394   -.337  .308 

Plan/Org -.453* .246  -.436* .214  -.319  .306 

Monitor -.410 .303  -.392 .291  -.340  .323 

BRI  -.391 .268  -.360 .257  -.349  .287 

MCI  -.439 .270  -.408 .243  -.342  .314 

________________________________________________________________________ 

BRI: Behavioral Regulation Index; Cog: Cognitive problems/Inattention scale; COM: 

Commissions; COMnum: Commissions in raw number; CV: coefficient of variation; 

DSMhyp: DSM hyperactive scale; DSMin: DSM Inattentive scale; DSMtot: DSM total; 

FSIQ: Full Scale IQ; Hyp: Hyperactive scale; MCI: Metacognition Index; ns: non-

significant; OM: Omissions; OMnum: Omissions in raw number;  Persev: perseverations; 

PRI: Perceptual Reasoning Index; PSI: Processing Speed Index; RTBC: Response time 

block change; RTSE: Response time standard error; SC: Spatial Cueing; Var: variability; 

VCI: Verbal Comprehension Index; WMI: Working Memory Index; %: percent correct 

Correlations significant between p = .05 and .0004 are in non-bolded font. 

* Significant at or below .0003 

 

 

Table 8 indicates that cognitive functioning measures of FSIQ and WMI were 

moderately to strongly positively correlated with the accuracy measures on the Spatial 

Cueing task, including Overall accuracy, Cue accuracy, and Miscue accuracy. PSI was 

moderately correlated to Overall accuracy and Cue accuracy whereas the VCI was only 

correlated to Cue accuracy.  The PRI was not significantly correlated to any of the Spatial 

Cueing accuracy measures after controlling for multiple comparisons. RT measures on 

the Spatial Cueing task were not significantly correlated to any of the standardized 
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measures of cognitive functioning and attention or the parent/caregiver rating forms.  OM 

and COM scores from the CPT-II (both T-scores and raw scores) had moderate to strong 

negative correlations with accuracy measures on the Spatial Cueing task. Hit RT T-scores 

from the CPT-II were not significantly correlated with the Spatial Cueing variables. Two 

of the attention and variability measures from the CPT-II (Variability and Perseverations) 

had moderate negative correlations with all accuracy measures from the Spatial Cueing 

task. RTCB had a negative moderate correlation with Overall accuracy and Cue 

Accuracy where as RTSE was only correlated with Overall accuracy. The CRS measures 

of attention (Cognitive/Inattention and DSM Inattention) were moderately correlated with 

Overall accuracy and Cue accuracy. The CRS measures of hyperactivity were not 

significantly correlated. BRIEF measures Plan/Organize and MCI had moderate negative 

correlations with Overall accuracy and Cue accuracy measures on the Spatial Cueing 

task, whereas Initiate and Monitor were only correlated with Overall accuracy. The BRI, 

Shift, and Inhibit measures from the BRIEF were not significantly correlated to any of 

the Spatial Cueing accuracy measures.   

ANOVAs were conducted to determine group differences (Table 9). Only 

variables that were not examined in the previous section will be reported here, although 

all variables (33 total) were included in the Bonferroni correction (BC) to control for 

multiple comparisons in this section. 

The two clinical groups, ARND and ADHD, were very similar in their pattern of 

scores on the Spatial Cueing task variables. These two groups could be distinguished 

from the TD group based on the overall and cue accuracy measures. On the miscue trials, 

the ARND group was less accurate than the TD group, but the ADHD group was not 
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significantly different than the other two groups. As reported for the Conjunction task, 

there were no significant differences on any of the RT measures of the Spatial Cueing 

task. 

Table 9. ANOVAs for the Spatial Cueing Task Analysis 

Variable ARND ADHD  TD  F p Post Hoc 

SC Ov % 84.65 86.80  96.06  9.225 <.001 TD>ARND; ADHD  

     (11.13) (10.82)  (3.68) 

SC RT    730.41 739.21  640.67  1.441 .245 

    (276.05) (151.71) (163.26) 

Cue %    86.60 87.35  96.89  9.340  <.001 TD>ARND; ADHD 

    (9.80) (10.73)  (3.69) 

Cue RT   705.29 700.21  616.87  1.151 .323 

    (284.08) (153.30) (166.63) 

Mis %    78.26 85.00  93.33  5.3118 .007 TD>ARND 

    (21.20) (13.49)  (6.99) 

Mis RT   837.62 836.89  722.38  2.137 .127 

    (237.95) (208.90) (170.89) 

Mis: Miscue; Ov: Overall; SC: Spatial Cueing 

 

Response Inhibition 

 

Subjects were included in the response inhibition data analysis if they completed 

the CPT and all three of the Go/No-Go task (CP1, CP2, and SP), resulting in an overall n 

of 50 (14 ARND, 18 ADHD and 18 TD). One subject, in the ARND group, who 

completed the three Go/No-Go tasks was removed from the analysis due to poor 

performance (very low accuracy) on all three tasks. 

In terms of the demographics for the Response Inhibition subjects (Table 10), 

there were no significant differences between the groups on age or SES. The ARND 

group’s mean Full Scale IQ from the WISC was significantly lower than the ADHD and 

TD groups (but these two groups did not differ from each other). The ARND group’s 

mean FSIQ was in the Borderline range, whereas the ADHD and TD group’s mean FSIQ 
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was in the Average range. In terms of gender, there was a preponderance of male 

participants in all three subject groups due to difficulties recruiting female participants. 

Table 10. Demographic Information for Response Inhibition Analysis 

 ARND  ADHD  TD  F/χ
2
 p Post hoc 

N 14  18  18 

 

Age 11.98  12.00  12.43  .634 .628 

 (1.34)  (1.32)  (1.32) 

FSIQ 73.57*  96.67  107.78  21.622 <.001 ARND<ADHD and TD 

 (12.629)  (16.659)  (14.161) 

SES 51.650  67 023  70 297  2.723 .054 

 (23594)  (28 818)  (16 530) 

Gender M=10, F=4 M=18, F=0 M=13, F=5 6.177 .046 

SES: Socioeconomic status 

Perseverations 

 

All of the variables for perseverations had non-normal distributions (Table 11). A 

non-parametric equivalent to a paired t test (Wilcoxon Signed Rank Test) was performed 

to compare the percentage of Go Trials that were perseverations (all groups combined) 

between the CP1 and CP2 tasks at the 200ms level.  There were no significant differences 

in the percentage of Go Trials that were perseverations (all groups combined) between 

the CP1 and CP2 tasks at the 200ms level. An ANOVA was performed to compare 

differences between the groups in the percentage of Go Trial perseverations on the CP1 

and CP2 tasks at the 200ms level. There were also no significant differences between the 

groups in the percentage of perseverations on the CP1 and CP2 tasks at the 200ms level. 

 The Wilcoxon Signed Rank Test was performed to compare the percentage of Go 

Trials that were perseverations (all groups combined) between the CP1 and CP2 tasks at 

the 100ms level.  There were no significant differences in the percentage of Go Trials that 

were perseverations (all groups combined) between the CP1 and CP2 tasks at the 100ms 

level. An ANOVA was performed to compare differences between the groups in the 

percentage of Go Trial perseverations on the CP1 and CP2 tasks at the 100ms level. 
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There were no significant differences between the groups in the percentage of Go Trial 

perseverations on the CP1 and CP2 tasks at the 100ms level. It was determined that there 

were no differences in the percentage of Go Trial responses that were perseverative 

between the two CP tasks, or between the groups at either cutoff level.  

Table 11. Perseverations Removed from the CP tasks at the 100ms and 200ms level for 

All Groups Combined and Individual Groups (Mean % of Go responses that were 

perseverative) 

_______________________________________________________________________ 

 100ms      200ms 

 CP1%  CP2%    CP1%  CP2%  

________________________________________________________________________ 

Mean 2.91  2.08    7.54  6.69 

SD (5.67)  (4.22)    (12.86)  (11.21)  

 

ARND 2.08  3.71     5.33  9.49  

 (4.43)  (6.17)    (8.94)  (13.50)  

 

ADHD 3.87  2.62    10.27  8.94  

 (6.68)  (3.94)     (15.20)  (12.61)  

 

TD 2.60  0.28    6.54  2.25  

 (5.60)  (0.93)    (13.08)  (5.59)  

_______________________________________________________________________ 

CP1: first run of the computer-paced task; CP2: second run of the computer-paced task; 

%: mean % of Go responses that were perseverations 

 

 Visual analysis of the perseveration data using histograms indicated that the 

majority of the subjects had very low percentages of perseverations, especially at the 

100ms level. Some subjects (in each of the three groups) had very high percentages of 

200ms perseverations. For example, 3 subjects (2 ADHD and 1 TD) had over 40% of 

their overall responses that were perseverative on the CP1 task, based on the definition of 

200ms as the cut off. It was decided to use the 100ms cut off for defining perseverative 

responses as it was in line with the CPT definition and responses between 100ms and 
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200ms were viewed as valid responses. No subjects were excluded based on the number 

of perseverations. 

Sustained Attention and Vigilance in Response Time 

 There were no statistically significant differences between the groups on the RT 

slope values for all four tasks. When examining the slope values, the SP and CPT tasks 

produced a small positive slope indicating that mean RT increased over the course of the 

task. For the CP1 task, the ARND and ADHD groups had small positive slopes, meaning 

that mean RT increased over the course of the task, whereas the TD group had a very 

small negative slope, indicating that they had a small decrease in mean RT over the 

course of the task. For the CP2 task, all three groups had a very small negative slope 

indicating that all three groups decreased their mean RT (had faster response times) over 

the course of the task. 

 Figure 1 shows that the ARND group’s mean RT was highly variable across the 

CP1 task with many large spikes in RT throughout the task. The ADHD group was also 

highly variable in their mean RT and had spikes of long RTs throughout the task, but at a 

lower level than the ARND group. The TD group demonstrated the most consistency in 

mean RT throughout the CP1 task. For both the CP1 and CP2 tasks, there was a 

significant difference found between the groups on a measure of response variability, CV, 

with the TD group having significantly less variability in their RTs than the two clinical 

groups (F = 6.938, p = .002 and F = 8.144, p = .001). This indicated that the TD group 

was better able to regulate their performance and be more consistent across the task in 

terms of response time. Data was examined for the ARND group around the approximate 
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time of the spikes in mean RT. It was found that at the time of these spikes at least two of 

the ARND subjects had very long RTs, well over 1000ms, and sometimes over 2000ms.  

 These large RT values increased the group mean and resulted in the spikes in 

mean RT. These spikes in long RT were not a general group problem, and it was found 

that there were no consistent ARND subjects causing the spikes (outliers). These trials 

appeared to be ones of momentary lapses in attention. 

 Similar to what was seen in the CP1 task, on the CP2 task (Figure 1) the ARND 

group was the most variable in their mean RT with many spikes of long RT throughout 

the task. The ADHD group was also highly variable, and the TD group was the most 

consistent in their average RT. 
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Figure 1. Mean response time (RT) for the first run of the computer-paced task (CP1 on 

the left) and for the second run of the computer-paced task (CP2 on the right) and for the 

ARND, ADHD and TD groups. 
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 The CPT task blocked their ITIs in 1, 2 and 4 second blocks which are indicated 

on the secondary Y axis (Figure 2). On this task the ARND group again demonstrated 

large spikes in mean RT throughout the task, but these long RTs are only seen during the 

4 second ITI, where subjects were most likely to lose attentional focus. The periods of 

shorter mean RT occurred during the 1 second ITIs. The ADHD group showed a similar 

pattern of spikes of long mean RTs, occurring especially in the 4 second ITIs. 
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Figure 2. Mean response time (RT) for the CPT task for the ARND, ADHD and TD 

groups. 

 

 On the SP task (Figure 3) all three groups have a similar pattern in RT across the  
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task although the ADHD group appeared to have the highest number of long mean RT 

spikes. The TD group was again the most consistent in terms of average RT. Data for this 

graph (Figure 3) was cut off at the 500ms mark as only a few poor responders (resulting 

in extremely variable mean response time) took longer than this time to complete the task 

based on self-pacing. 
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Figure 3. Mean response time (RT) for the self-paced task for the ARND, ADHD and TD 

groups. 

 

 The results of the ANOVA comparing the values of the slopes across the different 

tasks indicated that the overall (all subjects combined) CP2 slope value was significantly 

different than the slope values for the SP and CPT tasks (F = 4.441, p = .005). The CP2 
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task had a small negative slope which represented a decrease in mean RT, whereas the SP 

and CPT tasks both had a positive slope, indicating an increase in mean RT. When 

comparing the group performance on sustained attention using RT, only the ADHD 

group demonstrated a significant difference in the slope values across the tasks (F = 

3.017, p = .036). For the ADHD group the slope for the CP2 task was negative and less 

than the slope for the SP task. There were no significant differences in the slope of the 

tasks for the ARND and TD groups. 

Sustained Attention and Vigilance for Accuracy 

 On the CP1 task, there were no differences in the Go and No-Go Accuracy slope 

values for all subjects combined (Figure 4). On the CP2 task (Figure 4), there was a 

steeper negative slope value for No-Go Accuracy compared to Go Accuracy. Subjects 

combined into one group had more difficulty with response inhibition as the task 

progressed on the CP2. This finding is in line with the earlier reported finding that the 

CP2 task had a negative RT slope value indicating that subjects were responding faster 

towards the end of the CP2 and therefore were less likely to inhibit responses (a speed-

accuracy trade off).  Individual group analysis indicated that the ARND group had a 

steeper negative No-Go accuracy slope (response inhibition) compared to Go accuracy 

(sustained attention) on the CP1 task. The ADHD group demonstrated more difficulties  

with sustained attention (Go Accuracy) on the CP1 task, and more difficulties with No 

Go Accuracy on the CP2 task. During the CP1 task the ADHD group appeared to lose 

attentional focus, but if they did this and stopped responding they would be “correctly” 

responding to a No-Go trial (no response). On the CP2 task it is possible that the ADHD 

group was engaging in a speed-accuracy trade off, responding to Go trials at a steady 
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rate, while having difficulties with inhibiting responses to No-Go stimuli. The TD group 

had better No-Go Accuracy on the CP1 task.  
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Figure 4. Go versus No-Go Accuracy Vigilance on the CP1 task (left) and CP2 task 

(right) for all subjects combined. Regression lines added. 

 

There were no statistically significant differences between the groups on any of 

the tasks for the slope of accuracy. The average group accuracy slope values were very 

small and negative (indicating on average, a very slight decrease in accuracy). There 

were also no significant differences in the slope of accuracy values across the four 

different tasks. This finding was the same for all groups combined and for each 

individual group. 

Concatenating the Two Tasks 

 

 Comparisons of the CP1 and CP2 tasks resulted in no significant differences in 

the overall values (all subjects combined) of each variable measured (Overall Accuracy, 



                                                                                            ARND, ADHD and fMRI   124 

Go Accuracy, No-Go Accuracy, RT, CV and the percent of Go trials that were 

perseverations). The ADHD group demonstrated no significant differences between the 

tasks, and the ARND group only had one individual difference for percent of Go trials 

that were perseverations with a higher number of perseverations on the CP2 task (Z = -

2.120, p = .034). The TD group demonstrated significant differences on several variables 

including: percent of Go trials that were perseverations was higher on the CP1 task (Z = -

2.226, p = .026); overall accuracy was higher on the CP2 task (Z = -3.013, p = .003); Go 

accuracy was higher on the CP2 task (Z = -2.118, p = .034); and No-Go accuracy was 

higher on the CP2 task (Z = -2.478, p = .013). The TD group was more accurate on the 

CP2 run and this was likely due to a practice effect for this group. 

 There were no significant differences between the groups on the values of the 

response time intercept for either the CP1 or CP2 task. When comparing the RT intercept 

values between the two tasks there was a significant difference in the overall (all groups 

combined) intercept value between the CP1 and CP2 task, with the CP2 task having a 

higher intercept value (479.92850, SD = 161.156121) than the CP1 task (447.96710, SD 

= 129.962152, Z = -2.650, p = .008). This indicates that the subjects did not “reset” to the 

same RT values at the beginning of the CP2 task compared to when they started the CP1 

task. Subjects had higher RT values at the beginning of the CP2 task, which is consistent 

with the sustained attention findings that RT tends to increase over the course of these 

types of tasks (possibly even when the task is split into two parts). When comparing the 

individual groups, all groups demonstrated the same trend, in that the CP2 RT intercept 

was higher compared to the CP1 task, but this difference was only significantly different 

for the ADHD group (t = -2.178, p = .044). 
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 There was a significant difference in the accuracy intercept values for the CP2 

task, with the TD group having a higher intercept value (higher initial accuracy) than the 

ADHD group (Table 12). When comparing the accuracy intercept values between the two 

tasks there was no significant difference in the overall (all groups combined) intercept 

value between the CP1 and CP2 task. Accuracy values were generally very high with 

little variability (as seen in the very small negative accuracy slope values). When 

comparing the differences for the groups, only the TD group demonstrated a significant 

difference in accuracy intercept values between the CP1 and CP2 tasks (Z = -2.199, p = 

.028). The TD group had a higher accuracy intercept value on the CP2 task, indicating 

that they had higher initial accuracy on the CP2 task compared to the CP1 task. This 

again points to a practice effect for the TD group, as well as indicating that the CP2 was 

an extension of the CP1 task for the TD group. 

Table 12. ANOVAs for the CP1 and CP2 accuracy task intercepts 

________________________________________________________________________ 

Task ARND  ADHD  TD  F p Post Hoc 

________________________________________________________________________ 

CP1 .901  .872  .909  .442 .645 

 (.085)  (.161)  (.104) 

CP2 .850  .865  .959  3.617 .033 TD>ADHD 

 (.899)  (.109)  (.053) 

________________________________________________________________________ 

 When looking at the tasks overall, with all subjects combined into one group, 

there are no significant overall differences between the CP1 and CP2 tasks. There were 

some group differences, but in general it appears that the two tasks are equivalent. 

Subjects generally performed in the same manner on both tasks, except for the TD group, 

which demonstrated a practice effect. Based on the slope analysis and the analyses on the 
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other variables on the CP1 and CP2 tasks it was determined that it would be appropriate 

to concatenate the two runs into one long run to compare the CP task data to the SP task. 

Comparison of the SP and CP Tasks 

 

Table 13. ANOVA results for the SP and CP task comparisons 

 

  ARND        ADHD   TD  F p Post Hoc Test 

SP % Correct 83.43       81.98 90.17  4.412 .018*  

  (8.12)        (11.51)  (5.25) 

SP Go  89.02         87.41 96.06  4.958 .011*   

  (8.05)        (12.15)  (3.42)  

SP No-Go 55.89         55.11 60.83  .491 .660  

  (20.13)      (21.44) (18.63)  

SP RT  484.98       518.10       415.74  4.051 .024*  

  (133.06)    (120.6)    (72.24)    

SP CV  .535       .698 .499  2.956 .062 

  (.181)       (.280) (.288)   

 

CP % Correct 83.12       83.41 92.22  4.764 .013* 

  (12.49)     (10.77)       (5.66)  

CP Go   86.73       89.05 96.41  5.838 .005     TD>ARND;ADHD 

  (11.91)     (9.16) (3.02)  

CP No-Go 65.31       55.56 71.53  2.148 .128 

  (23.34)    (24.19) (22.25) 

CP RT  548.66       512  474.04 .880 .880 

  (205.10)  (159.53) (108.63)    

CP CV  .474        .484 .309  7.882 .001 TD<ARND; ADHD 

  (.158)      (.165) (.111)  
 

* No longer significant after correcting for multiple comparisons.  

CP: computer-paced task: SP: self-paced task 

 

 On the SP task no comparisons remained significant after controlling for multiple 

comparisons (Table 13).  On the CP task (Table 13), the TD group had higher Go 

Accuracy than the two clinical groups, but there was no significant difference between 

the groups in No-Go Accuracy. There were no differences found of RT on the CP task 

and the TD group was found to have lower response variability than the two clinical 

groups. 
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 When comparing the two tasks (Table 14), there was no significant difference in 

overall accuracy between the SP and CP tasks and RT differences were not significant 

after controlling for multiple comparisons. Subjects had higher response variability on the 

SP task compared to the CP task. 

Table 14. Comparisons Between the Two Tasks SP and CP – All Subjects Combined 

     Mean      Mean  Wilcoxon p  

     SP      CP   Z 

SP vs. CP % Correct   85.35  86.50  -1.491  .136 

     (9.31)  (10.56) 

SP vs. CP RT    471.98  508.60  -2.370  .018* 

     (116.38) (158.07)   

SP vs. CP CV    .581  .418  -3.828  <.001 

     (.270)  (.165) 

* No longer significant after controlling for multiple comparisons. 

 There was a strong correlation (Spearman’s Correlation Coefficient .682, p <.001) 

in overall accuracy between the SP and CP tasks. Those subjects who tended to have high 

overall accuracy on the SP task also had high overall accuracy on the CP task. The TD 

group was highly accurate on both tasks; however, the clinical group subjects 

demonstrated more variability in their performance. 

 When breaking down the tasks by group, there were still no significant 

differences between the tasks on overall accuracy (results for this section can be found 

above in Table 13). Bonferroni correction for multiple comparisons resulted in the RT 

differences between the two tasks no longer being significant for any of the groups. Both 

the ADHD (Z = -2.896, p = .004) and TD (Z = 2.461, p = .014) groups were more 

variable, as measured by CV, on the SP task, however the ARND group did not show a 

significant difference in response variability between the two tasks. 

 There was a strong correlation (Spearman’s Correlation Coefficient was .676, p < 

.001) between mean RT on the SP and CP tasks. The majority of the subjects have longer 



                                                                                            ARND, ADHD and fMRI   128 

mean RT (slower performance) on the CP task compared to the SP task, although this 

difference was not statistically significant. Unlike the other two groups, the ADHD group 

appeared to be split between those that were faster on the SP task and those that were 

faster on the CP task, which might explain the non-significant finding for the ADHD 

group. There was a moderate correlation (Spearman’s Correlation Coefficient .400, p = 

.004) between CV on the SP and CP tasks. Subjects in the ADHD and TD groups had 

significantly higher response variability on the SP task compared to the CP task.  

Table 15. Go and No-Go Accuracy - SP vs. CP 

 

    Mean   Mean  t Wilcoxon p 

    SP  CP   Z    

Go Accuracy (% Cor)  90.97  91.05   -.323  .746 

    (9.37)  (9.34) 

No-Go Accuracy (% Cor) 57.39  64.04   -2.223  .026 

    (19.86)  (23.82) 

 

ARND Go Accuracy  89.07  86.73   -.282  .778 

    (8.05)  (11.91)    

ARND No-Go Accuracy 55.90  65.31  -1.684   .116 

    (20.13)  (23.34)  

 

ADHD Go Accuracy  87.41  89.05   -.457  .647 

    (12.15)  (9.16)   

ADHD No-Go Accuracy 55.11  55.56  .071   .944 

    (21.44)  (24.22)  

 

TD Go Accuracy  96.06  96.41   -.196  .845 

    (3.42)  (3.02)    

TD No-Go Accuracy  60.83  71.53  2.539   .021 

    (18.63)  (22.23)  

Cor: Correct; CP: Computer-paced; SP: Self-paced 

 There were no significant differences in Go Accuracy between the two tasks for 

all subjects combined and for each individual group (Table 15). No-Go Accuracy was 

significantly different for all subjects combined, with greater No-Go Accuracy on the CP 
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task. The TD group had significantly greater No-Go Accuracy on the CP task, but the 

difference was not statistically significant for the two clinical groups. 

 There was a strong correlation (Spearman’s Correlation Coefficient .569, p < 

.001) between Go Accuracy on the two tasks (Figure 5). There was a moderate 

correlation (Spearman’s Correlation Coefficient .493, p < .001) between No-Go 

Accuracy on the two tasks; however, Figure 5 also shows that there was a much larger 

spread in subject performance on No-Go Accuracy compared to Overall Accuracy and 

Go Accuracy. 
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Figure 5. Go Accuracy on the SP versus the CP tasks (left) and No-Go Accuracy on the 

SP versus the CP tasks (right).  

 

 There was a significant difference between Go and No-Go Accuracy both for all 

subjects combined and for each separate group for both the CP and SP tasks (p ≤ .005). 

All groups performed better on Go Accuracy (sustained attention) versus No-Go 

Accuracy (response inhibition). There was a strong positive correlation between Go and 
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No-Go Accuracy on both the CP (.569, p < .001) and the SP (.505, p < .001) tasks when 

looking at all subjects combined. The two clinical groups had strong positive correlations 

between Go and No-Go Accuracy on the CP task (ARND .547, p = .043; ADHD .660, p 

= .003), but correlations were not significant on the SP task (see Figure 6). For the two 

clinical groups, on the CP task, Go accuracy was a strong predictor of No-Go Accuracy 

(ARND R = .547, R Square = .300; ADHD R = .660, R Square = .436). In contrast, the 

TD group had a strong positive correlation between Go and No-Go Accuracy on the SP 

task (.555, p = .017) but no significant correlation for the CP task (see Figure 6). For the 

TD group, Go Accuracy was a strong predictor of No-Go Accuracy on the SP task (R = 

.547, R Square = .299). 

  In general, those that had high accuracy on the Go trials were also likely to be 

more accurate on the No-Go trials. This was most true for the TD group, and less so for 

the two clinical groups. The relationship between Go and No-Go Accuracy was higher 

for the CP task compared to the SP task. 

 There was no significant correlation between RT and overall Accuracy on either 

the CP or the SP tasks when looking at all subjects combined. However, the TD group 

demonstrated a significant correlation between RT and overall Accuracy on the CP task 

(Spearman’s Correlation Coefficient .607, p = .008). RT was a good predictor of overall 

 accuracy for the TD group (R = .576, R Square = .331). The TD group’s trend on the CP 

task was moderate average RT (not overly fast or slow), with high accuracy. 

The two clinical groups demonstrated no clear pattern in the relationship between RT and 

overall Accuracy. There were also no significant correlations between RT and Go 

Accuracy on either the SP or CP tasks. 
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Figure 6. Go versus No-Go Accuracy on the CP task (left) and on the SP task (right). 

Regression lines with corresponding p-values added where significant. 

 

 When looking at the relationship between RT and No-Go Accuracy on the SP task 

there was no significant correlation when all subjects were combined (Figure 7). Only the 

ARND group demonstrated a significant relationship between RT and No-Go Accuracy 

on the SP task (Pearson’s Correlation Coefficient = .560, p = .037). For the ARND group, 

those with longer Mean RT tended to have higher No-Go Accuracy. RT was a good 

predictor of No-Go Accuracy for the ARND group on the SP task (R = .560, R Square = 

.314. 

 In contrast to the SP task, there was a strong and significant relationship between 

RT and No-Go Accuracy on the CP task for all subjects combined (Spearman’s 

Correlation Coefficient = .531, p < .001; R = .487, R Square = .238) and for each 

individual group (Figure 7). On the CP task, those that had longer mean RT tended to 
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have higher No-Go Accuracy. RT was a good predictor of No-Go Accuracy in the CP 

task in general and for all groups. 
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Figure 7. RT vs. No-Go Accuracy on the SP task (left) and on the CP task (right). 

Regression lines with corresponding p-values added where significant. 

 

 On the SP task there was a strong correlation between RT and CV (Spearman’s 

Correlation Coefficient = .594, p < .001). RT was a strong predictor of CV (R = .539, R 

Square = .291). Subjects who had shorter mean RT had lower response variability 

whereas those with longer mean RT were more variable in their responding (Figure 8). 
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Figure 8. RT vs. CV for the SP task (left) and the CP task (right). Regression lines with 

corresponding p-values added where significant. 

 

 This relationship between RT and variability was significant for the ADHD group 

(Pearson’s = .469, p = .050) and the TD group (Spearman’s = .684, p = .002) but was not 

statistically significant for the ARND group. 

 In contrast to the SP task, there was no significant relationship between RT and 

CV on the CP task (Figure 8). RT was a poor predictor of CV on the CP task. This 

finding stood out as it was generally the case that relationships and predictive ability were 

higher on the CP task compared to the SP task, but RT versus CV was the exception. 

 When assessing the relationship between overall Accuracy and CV on the SP 

task, there was no significant correlation between these variables for this task (Figure 9). 

Accuracy was a weak predictor of response variability on the SP task.  
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 In contrast, for the CP task (Figure 9) there was a very strong correlation 

(Spearman’s = -.769, p < .001). Subjects who had higher overall accuracy also had lower 

response variability. For the CP task, overall accuracy was a very strong predictor of 

response variability (R = .781, R Square = .515). This was the case for all subjects 

combined and for each individual group. 
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Figure 9. Overall Accuracy versus CV for the SP task (left) and the CP task (right). 

Regression lines with corresponding p-values added where significant. 

 

 When dividing accuracy into Go and No-Go, a similar pattern to overall Accuracy 

emerged for the SP and CP tasks. There was no significant correlation between Go 

Accuracy and CV on the SP task. On the CP task Go Accuracy was very strongly 

correlated to CV (Spearman’s = -.740, p < .001) and was a strong predictor of CV (R = 

.675, R Square = .455). On the CP task subjects who were more accurate on the Go trials 

were also more likely to have low response variability. For No-Go Accuracy on the SP 



                                                                                            ARND, ADHD and fMRI   135 

task, only the ADHD group demonstrated a significant correlation between No-Go 

accuracy and CV (Pearson’s = -.562, p = .015). For the ADHD group, on the SP task  

those with higher No-Go Accuracy were more likely to have lower response variability. 

There was no significant relationship between No-Go accuracy and CV for the other two 

groups. Again, in contrast to the SP task results, there was a strong relationship between 

No-Go Accuracy and CV on the CP task (Spearman’s = -.594, p < .001). This was the 

case for all subjects combined and for each group. No-Go accuracy was a strong 

predictor of CV on the CP task (R = .581, R Square = .338). Those that had higher No-

Go accuracy were also more likely to have low response variability. 

 Figure 10 indicates that subjects who had the highest accuracy on the CP task also 

had the smallest decreases in performance on the SP task. Conversely, subjects who 

struggled with accuracy on the CP task, also significantly struggle with accuracy on the 

SP task. The correlation between CP accuracy and Δ Accuracy was -.387, p = .006 (a 

moderate correlation). This relationship was similar for CP Go Accuracy and Δ Accuracy 

(Spearman’s = -.461, p = .001). In contrast, there was no significant relationship between 

CP No-Go Accuracy and Δ Accuracy. There was also no significant relationship with Δ 

Accuracy and both CP RT and CP CV.  

 There was no significant relationship between Δ CV and Accuracy, RT or CV on 

the CP task. All correlations were non-significant and no pattern emerged. 
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Figure 10. CP Accuracy versus Δ Accuracy (difference in accuracy between the SP and 

CP tasks). 

 

 There was a strong correlation between CP Accuracy and Δ RT (Spearman’s = -

.525, p < .001) when looking at all subjects combined (Figure 11). This relationship was 

only significant for the ADHD group when examining the separate groups (Spearman’s = 

-.629, p = .005). Those in the ADHD group with higher accuracy on the CP task also 

tended to have longer RTs on the CP task (compared to the SP task). It appeared that  

those in the ADHD group with slower reaction times were more likely to be attending to 

the stimuli during the trials. A similar pattern emerged for CP Go Accuracy and Δ RT 
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with the ADHD group demonstrating a strong relationship between these variables 

(Spearman’s = -.610, p = .007). 
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Figure 11. CP Accuracy versus Δ RT (difference in RT between the SP and CP tasks). 

 The analysis of the relationship between CP No-Go Accuracy and Δ RT (Figure 

12) indicated that there was a strong relationship between these variables for all subjects 

combined (Spearman’s = -.662, p < .001) and for each group. Higher No-Go Accuracy on 

the CP task was strongly related to subjects having shorter average RT on the SP task 

compared to the CP task. Those subjects that tended to have faster response times on the 

SP task were more likely to be more accurate on No-Go trials on the CP task. Additional 
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analyses also indicated that the relationship between SP No-Go accuracy and Δ RT was 

also significant but much weaker (Spearman’s = -.385, p = .006). It appeared that those 

subjects who reduced mean RT on the SP task (compared to the CP task) had higher No-

Go Accuracy on both tasks. If subjects were having many long RT responses (losses of 

attention) then they might not have been responding properly to the No-Go stimuli. 
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Figure 12. CP No-Go Accuracy versus Δ RT (difference in RT between the SP and CP 

task). 

 

 The analysis of the relationship between CP RT and Δ RT (Figure 13) indicated 

that there was a strong relationship between these variables for all subjects combined 

(Spearman’s = -.709, p < .001) and for each individual group. Those subjects who had the 
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longest mean RT on the CP task were more likely to have short mean RT on the SP task.  
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Figure 13. CP RT versus Δ RT (difference in RT between the SP and CP tasks). 

 

 Figure 14 demonstrated one example of the speed-accuracy trade off. There was 

no significant relationship between Δ Accuracy and Δ RT. However, the lower left 

quadrant of Figure 18 holds subjects that were faster and less accurate on the SP 

(compared to the CP). Subjects in the top right quadrant were slower and more accurate. 

There was a larger proportion of subjects in the lower left quadrant (traded accuracy for 

speed) than any of the other quadrants, and also a larger proportion of TD subjects. The 
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two clinical groups did not appear to have the expected speed- accuracy trade-off that is 

generally seen in choice-reaction tasks. 
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Figure 14. Δ Accuracy vs. Δ RT:  A demonstration of speed-accuracy trade-off. 

Control Task 

 On the control task the TD group was more accurate than the ARND group (Table 

16). The TD group was also less variable in their response times than the ARND group. 

The ADHD group fell in the middle on both measures, but was not significantly different 

than either of the other groups. These results were somewhat different than the results of 

the SP and CP tasks (as previously reported) where the SP task resulted in no significant 
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differences between the groups but on the CP task the TD group was significantly more 

accurate than both of the clinical groups on Go Accuracy. The TD group was also 

significantly less variable in their responding on the CP task than the two clinical groups. 

Table 16. ANOVA results for the Control task variables 

 

       ARND ADHD        TD F p Differences 

 

Cntrl % Correct     86.612        92.07         94.85 3.337 .044 TD>ARND 

       (13.38)    (7.38)         (5.34)  

  

Control RT      508.90  430.83        350.39 2.631 .083 

       (250.55)      (169.58)     (160) 

   

Control CV      .630  .556         .436 4.555 .016 TD< ARND 

       (.243)      (.147)          (.162)   

 

  

 There was no difference between SP task and the Control task on Go Accuracy or 

CV when looking at all subjects combined (Table 17). The Control task had shorter mean 

RT when compared to the SP task. When the groups were examined separately, there was 

still no significant difference between the SP and Control tasks on Go Accuracy or CV 

for any of the groups. For RT, only the ADHD group demonstrated significantly longer 

mean RT on the SP task compared to the control task (t = 2.801, p = .012). 

Table 17. Comparison Between SP and Control Task – All Subjects Combined 

________________________________________________________________________ 

     Mean      Mean  Wilcoxon p  

     SP  Control Z 

________________________________________________________________________ 

SP Go Trials vs. Control % Cor 90.97  91.65  -.400  .689 

     (9.37)  (9.22) 

SP vs. Control RT   475.29  421.99  -2.412  .016   

     (115.17) (197.34)    

SP vs. Control CV   .584  .532  -.721  .471  

     (.272)  (.194)    
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 There was no difference between CP task and the Control task on Go Accuracy 

when looking at all subjects combined (Table 18). The Control task had shorter mean RT 

and higher response variability (CV) when compared to the CP task (the latter being an 

unexpected finding). When the groups were examined separately, there was still no 

significant difference between the CP and Control tasks on Go Accuracy. Both the 

ADHD (t = 3.312, p = .004) and TD (t = 5.742, p < .001) groups had shorter mean RT on 

the Control task. All groups demonstrated higher response variability, or CV, on the 

Control task, although this difference was only significant for the ARND (Z = -2.271, p = 

.023) and the TD (t = -3.097, p = .007) groups.   

Table 18. Comparisons Between CP and Control Task – All Subjects Combined 

 

     Mean      Mean  Wilcoxon p  

     CP      Control Z 

CP Go Trials vs. Control % Cor 91.05  91.64  -.390  .697 

     (9.34)  (9.23)  

CP vs. Control RT   508.50  421.99  -4.829  <.001 

      (158.07) (197.34) 

CP vs. Control CV    .419  .532  -3.914  <.001 

     (.165)  (.194)   

  

 In terms of the relationship between the Control task and the two response 

inhibition tasks, there was a moderate correlation for Go Accuracy between the Control 

task and both the SP (Spearman’s = .416, p = .003) and the CP (Spearman’s = .495, p < 

.001) tasks. Those that had higher accuracy on the Control task were more likely to have 

higher Go accuracy on the response inhibition tasks. When examining RT, there was a 

strong overall correlation between RT on the Control task and RT on the SP task 

(Spearman’s = .597, p < .001). The correlation was also significant for the two clinical 

groups, but not the TD group (ARND: Pearson’s = .752, p = .003; ADHD: Pearson’s = 
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.632, p = .005). There was a very strong overall correlation between RT on the Control 

task and RT on the CP task (Spearman’s = .840, p < .001). The correlation was also 

strong and significant for all three groups (p < .001). Those subjects who had longer 

average RT on the Control task were also likely to have longer average RT on the SP and 

CP tasks. 

 There was no significant relationship between CV on the SP task versus the 

Control task; however, there was a significant relationship between CV values on the CP 

task versus the Control task. There was a moderate correlation between CV values 

(Spearman’s = .466, p = .001). Subjects with higher CV (more variable responding) on 

the CP task also tended to have higher CV on the Control task. Many of the subjects were 

more variable in their responding on the Control task, which was an unexpected finding.  

 There was no significant relationship between the Control task RT and Accuracy 

values, and this finding was in line with what was found for both the SP and CP tasks. RT 

was not a good predictor of Accuracy for the Control task. There was a significant 

relationship between Accuracy and CV on the Control task (Spearman’s = -.541, p < 

.001; R = .647, R Square = .418). Control task Accuracy was a good predictor of CV, and 

subjects who had higher accuracy on the Control task also had lower CV values (less 

response variability). This relationship was significant for both the ADHD and TD 

groups, but not the ARND group. This finding for the Control task was in line with the 

CP task, in that subjects who had higher Go accuracy tended to have lower CV values. 

The SP task comparison was non-significant for Go Accuracy vs. CV. 
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Rare Go Stimulus T 

 On the SP task, there was no significant difference between the X and T trials for 

Accuracy and CV (Table 19). Subjects had significantly longer mean RT on T trials 

compared to X trials (Z = -2.090, p = .037) on the SP task. When examining the separate 

groups, there were no significant differences for any of the variables. 

Table 19. Comparisons Between T and X Trials on the SP task – All Subjects Combined 

 

     Mean      Mean  Wilcoxon p  

     T      X  Z 

% Correct    91.03  90.96  -.446  .656 

     (9.32)  (9.66)     

RT     498.96  465.15  -2.090  .037 

     (150.06) (113.19)       

CV     .561  .569  -.352  .725 

     (.309)  (.272)      

 

 When examining the CP task (Table 20), there were no significant differences 

found between the X and T trials for any of the variables of interest. When looking at the 

separate groups, only the TD group demonstrated a significant difference on Accuracy 

between the X and T trials, with Accuracy being higher on the T trials (Z = -2.205, p = 

.027), however, the difference in accuracy was very small (Accuracy values of  97.5694 

versus 96.1199 percent correct).  

Table 20. Comparisons Between T and X Trials on the CP task – All Subjects Combined 

 

     Mean      Mean  Wilcoxon p  

     T      X  Z 

% Correct    92.19  90.76  -1.875  .061  

     (9.89)  (9.51)     

RT     509.28  508.22  -.362  .717 

     (157.75) (159.31)    

CV      .407  .415  -.893  .372 

     (.227)  (.152) 
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 In general, there were very few differences noted between the X and T Go trials. 

It appeared that subjects generally responded similarly to both Go stimuli.  

Go Trials Following Long No-Go Trials During the SP Task 

Table 21. Differences between Special Go trials and Other Go trials on the SP task.  

________________________________________________________________________ 

Group  Variable Special Go Other Go t Z p 

    Mean  Mean 

________________________________________________________________________ 

Combined Accuracy 87.35  91.95   -2.726 .006 

    (15.01)  (9.35) 

  RT  506.89  464.18   -1.434 .152 

    (201.81) (114.26) 

  CV  .517  .542   -.613 .540 

    (.355)  (.272) 

 

ARND  Accuracy 88.01  89.67   -.035 .972 

    (10.83)  (9.08) 

  RT  456.72  481.21  -1.382  .190 

    (145.35) (137.86) 

  CV  .398  .506  -1.612  .131 

    (.230)  (.186) 

ADHD  Accuracy 80.22  88.82   -2.689 .007 

    (18.60)  (11.90) 

  RT  540.98  508.56  1.171  .258 

    (171.71) (114.47)  

  CV  .640  .657  -.198  .846 

    (.366)  (.312) 

 

TD  Accuracy 93.98  96.86   -1.086 .277 

    (10.63)  (2.68) 

  RT  511.83  406.55   -2.504 .012 

    (259.96) (64.43) 

  CV  .486  .455   -.065 .948 

    (.399)  (.257) 

________________________________________________________________________ 

 

 For Accuracy, when examining all groups combined, there is a significant 

difference between the two types of trials, with higher accuracy on the Other Go trials 

(Table 21). This difference was significant for the ADHD group, but not for the ARND 

or TD groups. 
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 When examining mean RT (Table 21), there were no significant differences 

between the two types of trials for all subjects combined. This was true for the ARND 

and ADHD groups, but the TD group had significantly longer mean RT on the Special 

Go trials compared to all Other Go trials. 

 For CV there were no significant differences between the two types of trials when 

looking at all subjects combined or the separate groups (Table 21). Subjects were not 

more variable in their responding on the Special Go trials. 

 The Other Go trial ANOVA results (Table 22) remained the same when 

comparing the results from the Main Analysis section to this analysis for Go Accuracy 

(TD higher than the two clinical groups), RT (ADHD with longer mean RT than the TD 

group), and CV (no differences between the groups). When looking at the Special Go 

trials, there were no differences between the groups on RT or CV, however, only the 

ADHD group had significantly lower Go Accuracy on these Special Go trials compared 

to the TD group. In fact, only two ADHD subjects were more accurate on the Special Go 

trials compared to the Other Go trials. The difference between the Special Go trials and 

Other Go trials for Accuracy, RT and CV was calculated, but the ANOVA results 

indicated there were no significant differences between the groups on these ∆ values. 

 There was a strong to very strong correlation between values from the Special Go 

trials and Other Go trials on Accuracy (Spearman’s = .641, p < .001), RT (Spearman’s = 

.738, p < .001) and CV (Spearman’s = .523, p < .001). In general subjects performed in a 

similar manner on these Special Go trials compared to all Other Go trials. 
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Table 22. ANOVAs for the Special Go Trials and all Other Go Trials 

________________________________________________________________________ 

Variable    F  p  Post Hoc 

________________________________________________________________________ 

Special Go Trial Accuracy  4.318  .019  TD>ADHD 

Other Go Trial Accuracy  4.457  .017  TD>ARND; ADHD 

 

Special Go Trial RT   .691  .506 

Other Go Trial RT   4.318  .019  TD<ADHD 

 

Special Go Trial CV   2.024  .143 

Other Go Trial CV   2.858  .067 

________________________________________________________________________ 

 

Prepotent Response 

 On the SP task the number of Go trials preceding a No-Go trial was a good 

predictor of No-Go Accuracy (Table 23). As the number of Go trials preceding a No-Go 

trial increased, the accuracy for No-Go trials also increased (Figure 15). This was true for 

all subjects combined and for each individual group. Subjects had higher No-Go accuracy 

on trials with a larger number of Go trials preceding them, with a peak in accuracy for the 

TD group and at a lesser level, the ADHD group, around 5 trials. 

Table 23. Slope and Regression values for the SP task Prepotent Response 

________________________________________________________________________ 

Group   Slope  R  R Square 

________________________________________________________________________ 

All Subjects  .956  .743  .402 

ARND   1.040  .621  .385 

ADHD   .715  .476  .227 

TD   1.131  .630  .397 

________________________________________________________________________ 

 For the CP task a different pattern emerged (Figure 16). The regression and slope 

analysis indicated that the relationship between the number of Go trials preceding the No-

Go trial and No-Go accuracy was not strong (Table 24). In the CP task there was also a 

negative slope value, meaning that subjects became less accurate with more Go trials 
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preceding a No-Go trial. The TD group had the highest accuracy when there were five Go 

trials preceding the No-Go trial. 
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Figure 15. SP No-Go Accuracy by Number of Go trials Preceding. Regression lines 

added. 
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Figure 16. CP No-Go Accuracy by Number of Go trials Preceding. Regression lines 

added. 

 

Table 24.  Slope and Regression values for the CP task Prepotent Response 

________________________________________________________________________ 

Group    Slope  R  R Square 

________________________________________________________________________ 

All Subjects  -.309  .162  .026 

ARND   -.133  .054  .003 

ADHD   -.633  .237  .056 

TD   -.122  .072  .005 

________________________________________________________________________ 
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Table 25. ANOVA of Slope – Increasing numbers of Go Trials Preceding a No-Go trial 

________________________________________________________________________ 

Task  ARND  ADHD  TD  F p Post Hoc 

________________________________________________________________________ 

SP  1.04  .715  1.13  .130 .879  

  (2.03)  (3.29)  (2.00) 

CP  -.133  -.633  -.122  .139 .870 

  (3.66)  (3.45)  (2.67) 

________________________________________________________________________ 

 

 There was no significant difference between the groups on the values for the slope 

of change across increasing numbers of Go trials preceding a No-Go trial (Table 25). It 

was noted that the variability was very large for all groups and for both tasks and this 

likely reduced the power to detect changes between the groups. 

Table 26. Paired t-tests between SP and CP Slope values - Increasing numbers of Go 

Trials Preceding a No-Go trial 

________________________________________________________________________ 

   SP  CP     t  p 

________________________________________________________________________ 

All   .956  -.309    2.402  .020 

 

ARND   1.04  -.133    1.016  .328 

   (2.03)  (3.66) 

ADHD   .715  -.633    1.296  .212 

   (3.29)  (3.45) 

TD   1.13  -.122    2.135  .048 

   (2.00)  (2.67) 

________________________________________________________________________ 

 

 When looking at all subjects combined (Table 26), there was an overall difference 

in the slope values between the SP and CP task, but for the groups, this was only 

significant for the TD group. Subjects tended to have a positive slope on the SP task and 

increase No-Go accuracy with more Go trials preceding the No-Go Trials. There was an 

opposite pattern on the CP task with subjects becoming less accurate as the Number of 

Go trials before a No-Go Trial increased.  
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Inter-trial Intervals (ITIs) 

 Part A The effects of ITI on the subsequent trial. On the CPT task (Figure 17), the 

ADHD and TD groups had an increase in mean Go accuracy as the length of the ITI on 

the trial before increased. Both groups also had a peak in Go accuracy at the 2 second 

ITI. In contrast, the ARND group’s accuracy decreased as the length of the ITI increased. 

Mean RT (Figure 17) increased for all groups as the length of the ITI increased. Analysis 

using ANOVA (Table 27) determined that the differences between the groups on the 

Accuracy and RT slopes were not significantly different for the CPT task. 

Table 27. ANOVAs of Slope of Accuracy and RT for ITI Part A 

________________________________________________________________________ 

Task  ARND  ADHD  TD  F p Post Hoc 

________________________________________________________________________ 

Accuracy Slope 

CPT  -.185  .885  .580  1.144 .327 

  (2.82)  (1.80)  (1.40) 

CP  1.40  .066  -.558  1.726 .189 

  (4.12)  (3.03)  (1.60) 

SP  -1.21  -3.10  -.097  7.045 .002 ADHD>TD 

  (2.43)  (3.28)  (.989) 

 

RT Slope 

CPT  45.86  49.49  30.42  1.032 .364 

  (69.08)  (28.85)  (19.25) 

CP  -12.16  -19.84  1.43  2.775 .073 

  (22.11)  (36.41)  (19.31) 

SP  -2.29  3.70  14.70  2.346 .107 

  (8.62)  (14.79)  (33.90) 

________________________________________________________________________ 

 

 On the CP task an opposite pattern to the CPT results was found. The ADHD and 

TD groups had decreasing Go accuracy as the length of the ITI on the trial before 

increased, whereas the ARND group had increasing accuracy as the length of the ITI 

increased (Figure 18). On the CP task, the two clinical groups had the longest Mean RT 
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values at the shortest ITIs (Figure 18). Mean RT decreased as the length of the ITI on the 

trial before increased. The TD group did not demonstrate much of a change in Mean RT 

across the different levels of ITIs. The differences in Accuracy and RT slope across 

increasing levels of ITI on trial before (Table 27) were not significantly different between 

the groups. 
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Figure 17. ITI Part A: Mean Go Accuracy (left) and Mean RT (right) by ITI for the CPT 

task. Regression lines added. 
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Figure 18. ITI Part A: Mean Go Accuracy (left) and Mean RT (right) by ITI on the CP 

task. Regression lines added. 

 

 On the SP task (Figure 19) the ARND and ADHD groups had lower Go Accuracy 

on trials with a long ITI on the trial before. The TD group did not demonstrate a 

difference between the short and long ITIs on the trial before. There was a significant 

difference between the Accuracy slope values between the ADHD and TD group (Table 

27). The two clinical groups had little change in mean RT between the short and long 

ITIs on the trial before. The TD group had longer mean RT at the long ITI level (Figure 

19). There was no significant difference between the groups on the RT slope values.  



                                                                                            ARND, ADHD and fMRI   154 

ITI

1 2 3 4 5 6

M
e

a
n

 G
o

 A
c
c
u

r
a

c
y

50

60

70

80

90

100

110

ARND 

ADHD

TD 

ITI

1 2 3 4 5 6
M

e
a

n
 R

T

200

300

400

500

600

700

800

900

ARND

ADHD

TD

 

Figure 19. ITI Part A: Mean Go Accuracy (left) and Mean RT (right) by Average ITI for 

the SP task. Regression lines added. 

 

 When examining the accuracy slopes across all tasks (Table 28), there was an 

overall difference (all subjects combined) in accuracy slopes with the SP task having a 

significantly smaller and negative slope compared to the two computer paced tasks. 

When looking at the separate groups, there was no significant difference for the ARND 

or TD groups. The ADHD group demonstrated a similar pattern to the overall results. 

 For the RT slopes for Part A, the CPT task had much larger average RT slope 

than the SP task, which was in turn larger than the CP task (Table 28). The ADHD group 

demonstrated a similar patter to the overall results (all subjects combined). The ARND 

and TD groups had a larger RT slope on the CPT task compared to the CP task, but no 

significant differences with the SP task. 
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Table 28. ANOVA of Task Slopes for ITI Part A 

________________________________________________________________________ 

Group  CPT  CP  SP  F  p Post Hoc 

________________________________________________________________________ 

Accuracy   

 All  .476  .215  -1.49  8.307 <.001 SP<CPT; CP 

  (2.03)  (3.03)  (2.71) 

ARND        2.336 .107   

ADHD   (Values found in Table 27)  10.343 <.001 SP<CPT; CP 

TD        3.212 .049*   

   

RT 

All  41.61  -10.03  5.98  33.753 <.001 CPT>SP>CP 

  (41.92)  (28.36)  (23.32) 

ARND        7.585 .002 CPT>CP  

ADHD   (Values found in Table 27)  28.237 <.001 CPT>SP>CP 

TD        6.008 .005 CPT>CP  

________________________________________________________________________ 

* No longer significant after controlling for multiple comparisons 

 The comparison of the short and long ITI trials in the SP task indicate that, for all 

subjects combined, there was a significant difference between accuracy of the trials with 

the long and short ITI on the trials before (Table 29). When examining the separate 

groups, this difference was only significant for the ADHD group. There was no overall 

difference in mean RT between the long and short ITIs, and no difference was found for 

the two clinical groups. However, the TD group did have significantly shorter mean RT 

on the trials preceded by a short ITI.   

Table 29. Comparison of the long and short ITIs for the SP task 

________________________________________________________________________ 

Variable Group  Short  Long  t Z p 

________________________________________________________________________ 

Accuracy All  92.40  86.85   -3.279 .001 

    (7.46)  (14.07)   

RT  All  464.73  513.97   -1.907 .057 

    (114.93) (200.44) 

 

Accuracy ARND  89.99  85.43   -1.503 .133 

    (7.57)  (11.56) 

RT  ARND  486.85  473.88  .819  .428 
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    (132.15) (148.97) 

 

Accuracy ADHD  90.56  79.04   -3.103 .002 

    (9.06)  (17.13) 

RT  ADHD  509.47  547.55  -1.535  .143 

    (119.03) (158.86) 

 

Accuracy TD  96.10  95.75   -.052 .959 

    (3.45)  (4.96) 

RT  TD  402.79  511.58  -2.504  .012 

    (62.94)  (266.60) 

________________________________________________________________________ 

 

 Part B The effects of ITI on the current trial. Analysis of the Accuracy and RT 

slope values calculated for the ITI of the current trial indicated that there were no 

significant differences between the groups for either Accuracy or RT for both the CP and 

CPT task. 

 On the CPT task, the ITI of the current trial (Figure 20) did not appear to have a 

very big impact on accuracy at the different levels of ITI. All groups had slightly higher 

mean accuracy with the longer ITIs on the current trial. For RT (Figure 20) on the CPT 

task, all groups had higher mean RT on trials with a long ITI on the current trial. 

 On the CP task, again, accuracy and RT slopes (Figure 21) did not indicate that 

the ITI of the current trial significantly impacted accuracy or RT values as the level of ITI 

increased. 

 When comparing the accuracy and RT slope values between the CP and CPT 

tasks for Part B (Table 30), the RT slopes were significantly different for all subjects 

combined and for each group but there were no significant differences for accuracy. CPT 

RT slope values were large and positive whereas CP slope values were much smaller. 
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Figure 20. ITI Part B: CPT Mean Go Accuracy (left) and Mean RT (right) by ITI. 

Regression lines added. 

 

Table 30. Paired t-tests of ITI Task Slopes (Part B) 

________________________________________________________________________ 

  CPT   CP   t  Z p  

________________________________________________________________________ 

Accuracy  

 All  1.10   .427     -1.268 .205 

  (2.37)   (1.61)  

 

RT 

All  43.61   3.20     -4.706 <.001 

  (44.11)   (25.29)  

________________________________________________________________________ 
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Figure 21. ITI Part B: CP Mean Accuracy (left) and Mean RT (right) by ITI. Regression 

lines added. 

 

Error Detection 

 Part A. For the CP task, there was no significant difference between mean RT of 

the special Go trials (Go Trials before a Commission error) and overall mean RT. This 

finding was true for all subjects combined and for each group (Table 31). The finding for 

the CP task was not in line with previous research findings. 

 In the CP task, there was a strong correlation between the percentage of 

perseverations and mean Pre-Error Go trial RT (Spearman’s = -.536, p < .001). Subjects 

with a higher number of perseverations were also more likely to have shorter Pre-Error 

RT. Impulsive responders were likely not fully attending to the stimulus, and therefore 

would engage in commission errors. There was no significant relationship between Pre-

Error RT and Go Accuracy. 



                                                                                            ARND, ADHD and fMRI   159 

Table 31. Comparisons for Correct Go Trial RT Preceding a Commission Error vs. 

Overall Mean RT 

________________________________________________________________________ 

Task Group  Mean RT Pre-Error RT   Z t p 

________________________________________________________________________ 

CP Overall 500.49  473.25     1.932 .059  

   (163.83) (164.87) 

 ARND  537.29  511.60     .674 .512 

   (211.72) (225.86) 

 ADHD  500.92  462.72     2.016 .060 

   (169.15) (158.47) 

 TD  471.43  453.95     .929 .336 

   (111.64) (111.80) 

 

SP Overall 471.98  431.49    -3.634  <.001 

   (116.38) (105.78)  

 ARND  484.98  460.20     1.011 .330 

   (133.06) (121.27) 

 ADHD  518.10  451.86     3.579 .002 

   (120.60) (111.76) 

 TD  415.74  388.80     1.618 .124 

   (72.24)  (73.93) 

 

CPT Overall 385.25  365.96     2.876 .006  

   (67.54)  (79.04) 

 ARND  394.42  390.10     1.178 .260 

   (85.46)  (99.83) 

 ADHD  387.12  379.51     .725 .478 

   (61.17)  (70.88) 

 TD  376.24  342.18    -2.809  .005 

   (60.51)  (66.52) 

________________________________________________________________________ 

   

 For the SP task, the mean RT of the special Go trials was significantly shorter 

than overall mean RT (Figure 22). When examining the groups, only the ADHD group 

had significantly shorter mean RT on the special trials compared to overall mean RT 

(Table 31). On the SP task, subjects were already responding quickly before they made a 

commission error. As with the CP task, there was no relationship found between Pre-

Error RT and Go Accuracy. 
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Figure 22. Error Detection: SP Mean RT versus Pre-Error RT. 

 For the CPT task, the mean RT of the special Go trials was shorter than overall 

mean RT (Figure 23). When examining the individual groups, only the TD group had 

significantly shorter mean RT on the special trials compared to overall mean RT (Table 

31). The two clinical groups had a trend toward shorter mean RT on the Pre-Error trials, 

but the difference was not significant. Again, as in the other two tasks, there was no 

relationship found between average Pre-Error RT and Go Accuracy on the CPT task. 

 Unlike in the CP task, for the CPT task the correlation between Pre-Error RT (or 

the difference between mean RT and Pre-Error RT) and perseverations was not 
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significant. In general, on the CPT task subjects had few perseverative responses as well 

as short mean RT. 

 The SP and CPT task results are in line with previous research, in that they 

showed that subjects are responding more quickly to these trials just before a commission 

error, and therefore are likely not paying full attention to the task at hand. ANOVA 

results indicated that there were no significant differences between the groups for mean 

Pre-Error RT for any of the tasks. 
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Figure 23. Error Detection: CPT Mean RT versus Mean Pre-Error RT. 
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 Post-commission mean RT (mean RT of the trials immediately after a 

commission error) on both the SP and CP tasks was not significantly different from mean 

RT for either all subjects combined or the separate groups (Table 32). It was noted that 

on the CP task there was a trend for mean Post-commission RT to be shorter than mean 

RT. This was true for all subjects combined, and for all of the groups. This was an 

unexpected finding as generally subjects slow down after a commission error. The SP 

task was more in line with research findings, in that the ARND and ADHD groups (but 

not the TD group) had a trend towards longer Post-commission mean RT.  

Table 32. Paired t-tests for Post-Commission Error RT vs. Mean RT 

________________________________________________________________________ 

Task Group  RT  Post-Commission  Z t p 

     Error RT 

________________________________________________________________________ 

CP Overall 508.60  468.91    -1.993  .046*  

   (163.83) (164.87) 

 ARND  548.66  525.42     .734 .476 

   (205.10) (225.86) 

 ADHD  512.00  491.93     1.548 .140 

   (159.53) (158.47) 

 TD  474.04  451.92     1.037 .341 

   (108.63) (132.86) 

 

SP Overall 471.98  513.20    -1.221  .222 

   (116.38) (105.78)  

 ARND  484.98  564.23    -1.664  .096 

   (133.06) (216.18) 

 ADHD  518.10  593.83    -1.764  .078 

   (120.60) (248.93) 

 TD  415.74  392.90    -1.851  .064 

   (72.24)  (85.94) 

________________________________________________________________________ 

* Non-significant after controlling for multiple comparisons. 

 

 ANOVA results indicated that there was a significant difference between the 

groups on the mean Post-commission RT for the SP task, with the TD group having 

significantly shorter mean RT than the two clinical groups (F = 5.444, p = .007). The TD 
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group sped up in response to an error on the SP task. There were no significant 

differences between the groups on the CP task. When comparing Post-commission RT 

between the two tasks there were no significant differences between the CP and SP tasks. 

Part B. 

Table 33. Paired t tests for Commission RT vs. Mean RT 

________________________________________________________________________ 

Task Group  RT  Commission RT  Z t p 

________________________________________________________________________ 

CP Overall 508.60  421.27    -5.102  <.001 

   (158.07) (169.92) 

 ARND  548.66  412.57     -5.824 <.001 

   (205.10) (182.28) 

 ADHD  512.00  454.30     2.551 .021* 

   (159.53) (203.76) 

 TD  474.04  395.00     4.207 .001 

   (108.63) (119.80) 

 

SP Overall 471.98  415.75    -3.364  .001 

   (116.38) (161.59)  

 ARND  484.98  455.70    -.785  .433  

   (133.06) (191.64) 

 ADHD  518.10  453.61    -1.764  .078 

   (120.60) (187.19) 

 TD  415.74  346.82    -3.593  <.001 

   (72.24)  (65.35) 

 

CPT Overall 401.87  354.11    -4.329  <.001 

   (79.15)  (81.48) 

 ARND  428.24  376.28     -2.800 .015 

   (116.38) (102.45) 

 ADHD  402.97  360.12     3.755 .002 

   (57.14)  (70.49) 

 TD  380.24  330.85     -2.330  .020* 

   (58.02)  (71.57) 

________________________________________________________________________ 

*Non-significant after controlling for multiple comparisons. 

 When comparing mean RT with mean commission RT, all three tasks showed a 

significant overall difference between the means, with commission RT being 

significantly shorter for all three tasks (Table 33). On the CP task (Table 33), the 



                                                                                            ARND, ADHD and fMRI   164 

difference between mean overall RT and mean commission RT was significantly 

difference for the ARND and TD groups (but not the ADHD group when controlling for 

multiple comparisons). On the SP task (Table 33), there was a trend for all groups to have 

shorter mean commission RT compared to mean RT, but this was only statistically 

significant for the TD group. On the CPT task (Table 33), the ARND and ADHD groups 

had significantly shorter commission RT. The TD group’s difference was not significant 

after controlling for multiple comparisons. Shorter mean RT on the commission errors 

indicated that subjects were likely not paying attention to the stimulus presented and were 

reacting impulsively, therefore not inhibiting a response when needed. 

 There were no significant differences between the groups on mean commission 

RT on any of the tasks. The two clinical groups did not appear to have a greater problem 

with impulsivity compared to the control group. This also fit with the main analysis 

finding that there was no difference in No-Go Accuracy between the groups. 

 When comparing commission error RT between the tasks there was a significant 

overall result (F = 3.384, p = .037). Post hoc tests indicated that the CPT task had the 

lowest commission error RT and it was significantly different than the SP and CP tasks. 

This fit with the overall finding that the CPT task had lower overall mean RT than the 

other two tasks. 

 On the CP task there was a very strong correlation (Spearman’s -.523, p <.001) 

between Commission RT and Perseverations indicating that the higher the percentage of 

perseverations, the shorter the mean Commission RT (Figure 24). This relationship was 

only significant for the ADHD group. The same relationship between Commission RT 
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and Perseverations was not found on the CPT task, which was the other task where the 

percentage of perseverations made could be calculated (Figure 24). 
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Figure 24. Mean Commission RT versus the % of Go trials that were Perseverations on 

the CP task (left) and the CPT task (right). Regression lines with corresponding p-values 

added where significant. 

 

CPT Task Comparison 

 There were no significant differences (after controlling for multiple comparisons) 

between the CP and CPT tasks on the percentage of Go trials that were perseverations. It 

was also noted that the overall mean percentage of perseverations was very low across 

both tasks. 

 Figure 25 shows that TD subjects generally had very low perseverations in both 

tasks. More ADHD subjects had higher percentage of perseverations on the CP task, 

whereas more ARND subjects had higher percentage of perseverations on the CPT task. 

 On the CPT task, after controlling for multiple comparisons, the ARND group 

was less accurate overall than both the ADHD and TD groups (Table 34). The ARND 
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also had significantly lower Go Accuracy and higher response variability (CV) than the 

TD group. The CPT results were somewhat different than the other two tasks when 

examining the same variables (see main comparison between the CP and SP tasks 

section). On both the CP and SP tasks there were no significant differences on overall 

accuracy after controlling for multiple comparisons. The CP task comparisons indicated 

that the two clinical groups had lower Go Accuracy and higher response variability than 

the TD group whereas the CPT task results indicated that only the ARND group had 

lower Go Accuracy and higher CV than the TD group. 

Table 34. CPT ANOVA results 

 

  ARND         ADHD    TD  F p Differences 

 

% Correct 84.50  89.22  92.78  10.347 <.001 ARND<ADHD; TD 

  (6.41)  (5.11)  (3.83) 

Go Acc 91.69  95.89  98.42  8.815 .001 ARND<TD  

  (6.96)  (3.89)  (2.04) 

No-Go Acc 20.44  29.48  42.75  4.275 .020* 

  (12.83)  (21.54)   (26.90) 

RT  428.24  402.97  380.20  1.479 ns 

  (116.38) (57.14)  (58.02) 

CV  .664  .573  .419  6.220 .004 ARND>TD 

  (.222)  (.226)  (.151) 

________________________________________________________________________ 

* Non-significant after controlling for multiple comparisons. 
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Figure 25. CPT versus CP: Comparison of the Percentage of Go Trials that were 

Perseverations. 

 

 When comparing the CPT to the CP (Table 35), there is no significant difference 

in overall accuracy, however subjects had significantly higher Go Accuracy and lower 

No-Go Accuracy on the CPT task. Subjects also had shorter mean RT and higher 

response variability on the CPT task compared to the CP task. When comparing 

individual group performances across the two tasks, the TD group had significantly 

higher Go Accuracy (Z = -2.959, p = .003) and shorter RT (t = -3.463, p = .003) on the 
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CPT task compared to the CP task. All groups had significantly higher No-Go Accuracy 

on the CP task compared to the CPT task (all at a significance level of p <.001). 

Table 35. Comparisons Between CPT and CP – All Subjects Combined 

 

     Mean      Mean  Wilcoxon p  

     CPT      CP         Z 

 

% Correct    89.18  86.50  -1.347  .178  

     (6.00)  (10.56)    

Go Accuracy    95.62  91.05  -3.904  <.001 

     (5.18)  (9.34) 

No-Go Accuracy   31.72  64.04  -5.735  <.001 

     (23.21)   (23.82) 

RT     401.87  508.60  -4.455  <.001 

     (79.15)  (158.07)      

CV      .543  .418  -4.320  <.001 

     (.221)  (.165) 

 

 

Table 36. Comparisons Between CPT and SP – All Subjects Combined 

 

     Mean      Mean  Wilcoxon p  

     CPT      SP   Z 

 

% Correct    89.18  85.35  -2.746  .006  

     (6.00)  (9.31)    

Go Accuracy    95.62  90.98  -3.326  .001 

     (5.18)  (9.37) 

No-Go Accuracy   31.72  57.30  -5.459  <.001 

     (23.21)  (19.86) 

RT     401.87  471.98  -4.001  <.001 

     (79.15)  (116.38)      

CV     .543  .581  -.565  .572 

     (.221)  (.270)     

 

When comparing the CPT to the SP (Table 36), subjects had significantly higher 

overall Accuracy and Go Accuracy on the CPT task but higher No-Go Accuracy on the 

SP task. Subjects also had shorter mean RT on the CPT task but no differences in 

response variability. When comparing group performances across the two tasks, there 

were no significant differences for overall Accuracy, Go Accuracy, and CV. Both of the 
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ARND (t = -6.514, p <.001) and ADHD (t = -6.093, p <.001) groups had significantly 

higher No-Go Accuracy on the SP task. The ADHD group had significantly higher mean 

RT on the SP task compared to the CPT task.   

 As in the section for the Main Analysis for the CP and SP tasks, on the CPT task 

subjects had significantly higher Go Accuracy compared to No-Go Accuracy (all with a 

significance value of p = .001 or less). This was true for all subjects combined and for 

each individual group. 

 Higher d’ values indicate better performance in discriminating between targets 

and non-targets. The TD group had significantly higher discrimination ability than the 

ARND group on the CPT task. The TD group also had higher discrimination than the 

ADHD group on the CP task. There was a similar trend for the TD group to have higher 

discrimination on the SP task compared to the two clinical groups but this did not reach 

significance (Table 37). 

Table 37. ANOVAs for the d’ Values 

________________________________________________________________________ 

Task ARND  ADHD  TD  F P Post Hoc 

________________________________________________________________________ 

CPT .601  1.37  2.45  8.236 .001 TD>ARND 

 (.614)  (1.33)  (1.62)  

CP 1.84  1.56  2.66  4.186 .021 TD>ADHD 

 (1.22)  (1.20)  (1.13) 

SP 1.62  1.70  2.38  1.582 .216 

 (1.22)  (1.57)  (1.25) 

________________________________________________________________________ 

 For beta, or response style, higher values indicate a more cautious approach, 

where subjects would miss Go trials in order to avoid making commission errors. Lower 

beta values indicate a more liberal approach, where subjects would respond to a greater 

number of targets at the risk of making a commission error. This response style was only 
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significant for the CPT task, with the TD group demonstrating a more liberal response 

style on this task. There were no significant differences in response style on the CP and 

SP tasks (Table 38). 

Table 38. ANOVAs for the β Values 

________________________________________________________________________ 

Task ARND  ADHD  TD  F P Post Hoc 

________________________________________________________________________ 

CPT .632  .444  .201  8.073 .001 TD<ARND 

 (.301)  (.373)  (.220) 

CP .301  .380  .121  3.116 .054  

 (.349)  (.405)  (.151) 

SP .304  .368  .155  2.650 .081 

 (.254)  (.384)  (.160) 

________________________________________________________________________ 

 

 When examining all subjects combined into one group there was no significant 

difference found in d’ values across the three tasks. This was also the case for both the 

TD and ADHD groups. The ARND group demonstrated a significant difference with 

lowest discrimination ability on the CPT task compared to the other two tasks (F = 5.459, 

p = .008). 

 For β, when examining all subjects combined there was a significant overall 

finding (F = 3.108, p = .048) but no significant between task differences. As with the d’ 

values, neither the TD nor ADHD group demonstrated significant differences in response 

style across the tasks. The ARND group had a significantly higher beta value on the CPT 

task, indicating a more cautious approach (F = 5.494, p = .008). 

Momentary Lapses in Attention/Long RT Analysis 

 On the CP task the ARND group had the highest mean number of long RT trials 

and was significantly different than the TD group. On the SP task the ADHD group had 
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the highest mean number of long RT trials and was significantly different than the TD 

group (Table 39). 

Table 39. ANOVAs for the Number of Long RT trials for the CP and SP tasks 

________________________________________________________________________ 

Task ARND  ADHD  TD  F p Post Hoc 

________________________________________________________________________ 

CP 6.79  4.78  1.28  3.260 .047 ARND>TD 

 (8.89)  (6.32)  (2.61) 

SP 6.34  9.50  3.22  4.761 .013 ADHD>TD 

 (6.17)  (7.01)  (4.97) 

________________________________________________________________________ 

 

 When comparing the number of long RT trials between the tasks (Figure 26) there 

was a significant difference for all groups combined with the SP task having a higher 

mean number of long RT trials (M = 6.3600, SD = 6.55514) than the CP task (M = 

4.0800, SD = 6.50538) [Z = -2.645, p = .008]). When examining the separate groups, the 

difference between the two tasks was significant for the ADHD group (Z = -2.990, p = 

.003) with a higher mean number of long RT trials on the SP task. There was no 

significant difference in the average number of long RT trials between the two tasks for 

the other two groups. 

 As in the main analysis section, mean RT was not significantly different among 

the groups, even with the long RT trials removed. For CV, the profile was the same for 

the CP task with the TD group having significantly lower CV (less response variability) 

than the two clinical groups. However, the CV profile was different for the SP task with 

the long RT trials removed. With these trials removed the SP task was now similar to the 

CP task with the TD group being less variable in response time than the two clinical 

groups (Table 40). 
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Table 40. ANOVAs for CP and SP tasks with the Long RT trials removed 

________________________________________________________________________ 

Task ARND  ADHD  TD  F  p Post Hoc 

________________________________________________________________________ 

CP RT 495.55  476.29  465.93  .215 .807 

 (155.68) (130.05) (97.21) 

SP RT 438.46  427.22  386.38  1.960 .152 

 (99.23)  (86.99)  (51.12) 

 

CP CV .368  .378  .268  5.795 .006 TD<ARND;ADHD  

 (.117)  (.101)  (.102) 

SP CV .344  .372  .269  7.884 .001 TD<ARND;ADHD 

 (.078)  (.097)  (.060) 

________________________________________________________________________ 
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Figure 26. Number of Long RT Trials for the CP and SP tasks. 
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 When mean RT and CV with and without the long RT trials removed were 

compared it was found that there was a significant difference for both variables on both 

tasks all at or below a p value of .001. Therefore, removing the long RT trials made a 

significant impact of the values of RT and CV. Mean RT and CV with the long RT trials 

removed were both lower (shorter mean RT with less response variability). This same 

pattern was found for the two clinical groups as well. The TD group had significant 

differences between CV with and without the long RT trials removed on both tasks, but 

this difference was not significant for mean RT after controlling for multiple 

comparisons. This was likely due to the small number of long RT trials that were 

removed for the TD group. 

Table 41. Comparisons Between CP and SP tasks with Long RT trials removed 

________________________________________________________________________ 

Variable Group  CP  SP  Z/t p Same Pattern? 

________________________________________________________________________ 

RT  Combined 477.95  415.66  -4.387 <.001 Yes 

    (125.38) (81.59) 

  ARND  495.55  438.46  2.428 .030 Yes 

    (155.68) (99.23) 

  ADHD  476.29  427.22  -2.112 .035 No 

    (130.04) (86.99) 

  TD  465.93  386.38  4.925 <.001  Yes 

    (97.21)  (51.12) 

 

CV  Combined .335  .327  -.198 .843 No 

    (.116)  (.091) 

  ARND  .368  .344  .704 .494 Yes 

    (.117)  (.078) 

  ADHD  .378  .372  -.240 .811 No 

    (.101)  (.097) 

  TD  .268  .269  -.588 .557 No 

    (.102)  (.060) 

________________________________________________________________________ 

 

 The difference between the RT and CV with and without the long RT trials 

removed (Δ values) were calculated for the SP and CP task and graphed in Figures 27 
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and 28. ANOVA was used to examine the Δ values for each of the tasks to determine if 

there were differences between the groups. There were no significant differences between 

the groups on the CV Δ values. For the RT Δ values, on both the CP and SP tasks, the 

ADHD group had a significantly larger difference value than the TD group (CP; F = 

4.197, p = .021, SP; F = 4.293, p = .019). On the CP task the ARND group was 

approaching significance compared to the TD group.  
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Figure 27. Δ values for the change in RT (difference between Mean RT and RT with the 

Long RT Trials Removed).  
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Figure 28. Δ values for the change in CV (difference between Mean CV and CV with the 

Long RT Trials Removed). 

 

 The number of Long RT trials and the number of omission errors were correlated 

to determine the relationship between these two variables for the two tasks. Correlations 

were not significant for all groups combined and for each of the separate groups. 

 No-Go accuracy from the CP task was correlated to RT with Long RT trials 

removed (Figure 29). This resulted in a very strong positive correlation between these 

two variables (Spearman’s correlation coefficient .612, p < .001). There was also a strong 

positive correlation found for each of the individual groups (Figure 29). 
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Figure 29. Mean CP RT with the Long RT trials removed and CP No-Go Accuracy. 

 No-Go accuracy from the SP task was correlated to RT with Long RT trials 

removed. This resulted in a moderate positive correlation between these two variables 

(Spearman’s correlation coefficient .495, p < .001). This was a weaker correlation than 

that found for the CP task. When examining the individual groups, there was a strong 

positive correlation found for the TD and ARND groups but not the ADHD group which 

had a non-significant correlation (Figure 30). 
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Figure 30. Mean SP RT with the Long RT trials removed and SP No-Go Accuracy. 
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fMRI Covariate Analysis 

 Due to the fact that several parts of the larger fMRI study by Dr. Krisztina 

Malisza, Principle Investigator, were occurring concurrently at the time the fMRI data 

was analyzed, several of the figures found below (specifically the working memory and 

spatial cueing figures) are similar to those published in papers related to the fMRI study 

(Malisza et al., 2012; O’Conaill et al., 2015). Both the papers and this dissertation used 

the same subject data to create the rendered images. However, all analysis regarding the 

fMRI activation maps with and without covariates used to create the figures and tables in 

this dissertation was completed by the author, independently of the other researchers, 

solely for the use in the dissertation. The images and tables with the use of the covariates 

are not reported in any previously published work as this was the section of the larger 

study to be covered in this dissertation. 

Working Memory Task 

 The subtractive contrast (1-back minus 0-back) was used for the working memory 

task analysis. “The 0-back and 1-back tasks share a number of features, including visual, 

attention, response selection and motor processes. Subtraction of activation maps from 

the simpler 0-back task from those of the more complex 1-back task result in a map 

depicting regions which were activated more strongly during the 1-back task” (Malisza et 

al., 2012).The figures included below show the majority of the activation patterns 

reported on in the text and tables, however, some activation occurs in sub-gyral areas that 

may not be apparent on the surface of the brain activation maps. There were no 

significant (p < .05) BOLD activations for the ADHD group for the 1-back minus 0-back 

contrast.  
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Figure 31. Activation map for the ARND groups for the 1-back minus 0-back contrast. 

 

 Activations for the ARND group (Figure 31) for the 1-back minus 0-back contrast 

included bilateral frontal, parietal and occipital cortical regions along with right sided 

activation in the temporal cortical region. Activations in the frontal cortex included the 

DLPFC (Broadman’s Areas [BAs] 8, 9 and 10), BA 11, and the left sided ventrolateral 

prefrontal cortex (BA 47). Parietal activations included the precuneus (BAs 7 and 31) the 

left sided superior parietal lobule (BA 7) and the right sided supramarginal gyrus and 

inferior parietal lobule (BA 40). Activations in the occipital cortex were found in the 

cuneus (secondary visual cortex BAs 18 and 19). Right side temporal activations 

included the superior temporal gyrus (BAs 22, 13 and 41) and the middle temporal gyrus 

(BA 39). Other activations on the left included the cingulate (BA 32), the lentiform 

nucleus, and the insula (BA 13). 

Table 42. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the 1-back minus 0-back subtractive contrast without the addition of the 

covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Precentral  4 

________________________________________________________________________ 
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Table 43. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the 1-back minus 0-back subtractive contrast with the addition of the 

covariate DSB 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4 

Temporal  Left   Middle   21* 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 For the working memory contrast, the ADHD group had only one area of 

activation that was greater than the ARND group (Table 42, Figure 32), in the frontal 

cortex precentral gyrus (BA 4). With the additional of the covariate DSB in this analysis, 

the ADHD group also had greater activation than the ARND group in the temporal 

cortex, middle temporal gyrus (BA 21; Table 43, Figure 32). 

 

 

 

 
 

Figure 32. Activation maps for ADHD>ARND for the 1back-0back contrast without 

covariate (top), with the covariate DSB (bottom). 
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Table 44. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the 1-back minus 0-back subtractive contrast without the addition of the 

covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Paracentral  5* 

   Right   Precentral  4* 

      Middle   6 

      Precentral  6 

      Middle   8 

      Middle   9 

Parietal  Left   Postcentral  7* 

      Inferior Lobule 40 

   Right   Postcentral  3* 

      Inferior  40 

      Postcentral  43 

Temporal  Left   Superior  22 

      Transverse  42 

      Sub-gyral  37* 

   Right   Fusiform gyrus 37* 

      Sub-gyral  37* 

      Middle   37* 

      Superior  38* 

Occipital  Right   Cuneus  19* 

Sub-lobar  Left   Insula   13 

   Right   Caudate  * 

      Lentiform Nucleus * 

Limbic   Right   Anterior Cingulate 32    

________________________________________________________________________ 

 

Table 45. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the 1-back minus 0-back subtractive contrast with the addition of the 

covariate DSB 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Medial   6* 

      Middle   8* 

      Middle   9* 

      Precentral  9* 

      Medial   9* 

      Middle   10* 

      Inferior  45* 

      Inferior  47* 

   Right   Paracentral  5* 
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      Middle   6 

      Superior  8 

      Superior  9 

      Middle   9 

      Superior  10* 

      Middle   10* 

Parietal  Left   Postcentral   40 

   Right   Inferior  40 

      Postcentral  43 

Temporal  Left   Fusiform  20* 

      Superior  22 

      Middle   39* 

      Transverse  41* 

      Superior  42* 

      Transverse  42 

   Right   Fusiform  20* 

      Superior  22* 

Sub-lobar  Left   Insula    13 

      Lentiform Nucleus * 

      Caudate  * 

      Claustrum  * 

   Right   Insula   13* 

      Thalamus  * 

      Caudate   

Limbic   Left   Anterior Cingulate 24* 

      Anterior Cingulate 32* 

      Parahippocampal 36* 

   Right   Cingulate  24* 

      Posterior  29* 

      Parahippocampal 30* 

      Anterior Cingulate 32 

Anterior  Left   Culmen  * 

   Right   Culmen  * 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 The ARND group had a greater amount of activation than the ADHD group 

across the frontal, parietal, and temporal cortical areas along with sub-cortical structures 

and this pattern of activation was increased with the addition of the covariate (Tables 44 

and 45 and Figure 33). 
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Figure 33. Activation maps for ADHD<ARND for the 1-back-0back contrast without 

covariate (top), with the covariate DSB (bottom). 

 

 In general, the ADHD group had much less activation than the ARND group in 

the working memory fMRI analysis, with and without the addition of the covariate. This 

was the case in the frontal, parietal, temporal, and right sided occipital cortex and in 

mainly the right sided sub-cortical structures. This pattern of activation was even greater 

with the addition of the covariate Digit Span Backwards (DSB) in all areas except the 

parietal lobe (no changes in activation pattern) and the occipital lobe (no longer 

significant [p> 0.05] activation with the addition of the covariate). 

Go No-Go (Response Inhibition) Task 

 Two contrasts were examined for the Go/No-Go task, the a contrast (trials when 

the subject correctly inhibited a response) and xt-c subtractive contrast (the combination 

of the two types of Go trials (frequent x and less frequent t) subtracted from the activation 

maps of the Go/No-Go control task). The control task was a simple Go task, where the 

subjects were instructed to respond to every stimulus. The Go trials during the Go/No-Go 

task would be those where the subject is making a decision to respond, as opposed to 
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inhibit a response. Covariate used for the Go/No-Go contrasts was the Commission score 

from the CPT. 

 The a contrast. For the ADHD group significant (p < .01) BOLD activations for 

the a contrast included bilateral (but mainly right sided) frontal, parietal and occipital 

cortical regions and left sided temporal cortical regions (Figure 34). Activations in the 

right frontal cortex included the DLPFC (BA’s 8, 9, 10, and 46), the VLPFC (BA 45 and 

47), the precentral gyrus (BA 6) and the cingulate gyrus (BA 32). Activation in the left 

frontal cortex included the VLPFC (BA 47) along with the paracentral lobule (BA 5). 

Activations in the temporal cortex included right side middle temporal gyrus (BAs 21, 22 

and 39), the superior temporal gyrus (BA 42) and activation in sub-gyral BA 20. 

Activations in the parietal cortex were found in the precuneus and superior parietal lobule 

(BA 7) and the inferior parietal lobule and supramarginal gyrus (BA 40). Activations in 

the occipital cortex included the precuneus (BA 31), the superior, inferior, and middle 

occipital gyrus (BA 19) and the lingual gyrus (BAs 18 and 19). Other activations 

included the insula (BA 13), Lentiform Nucleus, caudate, culmen, cingulate gyrus (BAs 

23 and 24), the anterior cingulate (BA’s 32 and 24), and the posterior cingulate (BA 23). 

 For the ARND group significant (p < .01) BOLD activations for the a contrast 

included bilateral frontal, parietal, temporal and occipital activations (Figure 34). 

Activations in the frontal cortex included the superior, middle and medial frontal gyrus 

(BA 10), the inferior frontal gyrus (BAs 9, 13 and 47), the precentral (BA 44) and 

subcallosal (BA 34) gyri.  Parietal activations included the postcentral gyrus (BA 3), 

precuneus (BA 7) and the supramarginal gyrus (BA 40). Temporal activations included 

the superior temporal gyrus (BA 22), middle temporal gyrus (BA 21), the hippocampus 
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and sub-gyral temporal activations (BA 13). Left sided occipital activation included the 

cuneus (BAs 23 and 18) and the right middle occipital gyrus (BA 19). Other activations 

included the culmen, nodule, parahippocampal gyrus (BAs 27 and 35), posterior 

cingulate (BA 30), anterior cingulate (BAs 24 and 32), caudate, insula, left sided 

lentiform nucleus and claustrum, and right sided cerebellar tonsil and declive. 

 

 
 

Figure 34. Activation maps for the ADHD (top) and ARND (bottom) groups for the a 

contrast. 

 

Table 46. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the a contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Right   Precentral  4* 

      Precentral  6 

      Middle   6 

Parietal  Right   Inferior Lobule 40* 

Temporal  Right   Superior  22* 

Sub-lobar  Right   Caudate  * 

Limbic   Right   Cingulate   24* 

________________________________________________________________________ 
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Table 47. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the a contrast with the addition of the covariate COM 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Paracentral  31* 

   Right   Precentral  6 

      Middle   6 

Sub-lobar  Left   Caudate  * 

Limbic   Left   Cingulate   24* 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 

 
 

Figure 35. Activation maps for ADHD>ARND for the a contrast without covariate (top), 

with the covariate Com (bottom). 

 

 For the response inhibition a contrast, the ADHD group had greater activation 

than the ARND group in the right cerebellum (Table 46, Figure 35). With the addition of 

the covariate (Table 47, Figure 35), the ADHD group had less areas of greater activation 

on the right side, and a slight increase in activation on the left side (although upon visual 

inspection of brain maps the activation appeared at near mid-line of brain).  
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Table 48. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the a contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Precentral  4* 

      Medial   6 

      Precentral  6 

      Superior  6 

      Middle   8 

      Superior  8 

      Middle   9 

      Superior  10 

      Medial   10 

      Inferior  46 

      Middle   46* 

      Inferior  47 

   Right   Medial   6 

      Superior  6 

      Middle   8 

      Inferior  13 

      Cingulate  32* 

      Subcallosal  34 

      Inferior  47* 

Parietal  Left   Postcentral  3 

      Postcentral  7 

      Precuneus  31* 

      Inferior Lobule 40 

   Right   Paracentral  4 

      Postcentral  5 

      Precuneus  31* 

      Supramarginal  40 

      Postcentral  40 

Temporal  Left   Inferior Frontal 13* 

      Sub-gyral  20 

      Inferior  21 

      Superior  22 

      Fusiform  37 

      Superior  38 

      Hippocampus   

   Right   Fusiform  20 

      Middle   21 

      Superior  22 

Occipital  Left   Lingual  18 

   Right   Middle   18* 

      Cuneus  18* 
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      Middle   19 

      Cuneus  19 

Sub-Lobar  Left   Insula   13 

      Caudate 

   Right   Caudate   

      Hypothalamus  * 

      Thalamus  * 

Limbic   Left   Posterior Cingulate 23* 

      Posterior Cingulate 30* 

      Cingulate  31* 

      Anterior Cingulate 32 

   Right   Posterior Cingulate 30* 

Anterior  Left   Cerebellar Lingual * 

      Nodule   * 

      Culmen 

   Right   Culmen  * 

Posterior  Left   Declive   

   Right   Cerebellar Tonsil  

Midbrain  Right   Red Nucleus  * 

________________________________________________________________________ 

 

Table 49. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the a contrast with the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Medial   6 

      Medial   8 

      Medial   9 

      Middle   9 

      Superior  9 

      Superior  10 

      Middle   10 

      Medial   10 

      Middle   11* 

      Inferior  47 

   Right   Superior  6 

      Medial   6 

      Middle   8 

      Medial   10* 

      Inferior  13 

      Subcallosal  34 

Parietal  Left   Postcentral  3 

      Postcentral  7 

      Inferior Lobule 40 

   Right   Postcentral  2* 
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      Paracentral  4 

      Postcentral  5 

      Superior Lobule 7 

      Inferior Lobule 40 

      Supramarginal  40 

Temporal  Left   Sub-gyral  20 

      Fusiform  20 

      Middle   21 

      Superior  22 

      Sub-gyral  37 

      Superior  38 

      Superior  42* 

      Hippocampus 

   Right   Inferior  20 

      Middle   21 

      Superior  22 

      Fusiform  37* 

Occipital  Left   Cuneus  17* 

      Cuneus  18 

      Middle   18 

      Lingual  18 

      Middle   19* 

      Middle Temporal 19* 

      Fusiform  19* 

      Cuneus  19* 

   Right   Middle   19 

Sub-lobar  Left   Insula   13 

      Hypothalamus  * 

      Caudate  * 

      Lentiform Nucleus Putamen* 

   Right   Caudate 

Limbic   Left   Anterior Cingulate 10* 

      Anterior Cingulate   32 

   Right   Hippocampus  * 

Anterior  Left   Culmen   

Posterior  Left   Declive 

   Right   Declive* 

      Cerebellar Tonsil  

Midbrain  Left   Red Nucleus  * 

      Substantia Nigra * 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 
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Figure 36. Activation maps for ADHD<ARND for the a contrast without covariate (top), 

with the covariate COM (bottom). 

 

 In general, the ADHD group had much less activation than the ARND group in 

the a contrast fMRI analysis, with and without the addition of the covariate (Tables 48, 

49 and Figure 36). This was the case in the frontal, parietal, temporal, and occipital 

cortex as well as in the sub-cortical structures. This pattern of activation was slightly less 

with the addition of the covariate COM (Figure 36). Differences in activation with the 

addition of the covariate were often in similar/adjacent areas as without the covariate.  

 The xt-c contrast. For the ADHD group significant (p < .01) BOLD activations 

for the xt-c contrast included bilateral frontal, parietal and occipital cortical regions with 

no significant activations in the temporal cortical region (Figure 37). Activations in the 

frontal cortex included the precentral gyrus (BA 6), the superior frontal gyrus (BA 8), and 

the cingulate gyrus (BA 32). Activations in the parietal cortex were found in the superior 

parietal lobule (BA 7), precuneus (BA 7 and 19) and the inferior parietal lobule (BA 40). 

Activations in the occipital cortex included the cuneus (BAs 18 and 19) and the lingual 

gyrus (BAs 17, 18, and 19). Other activations were found only on the right side and 
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included the posterior cingulate (BAs 23 and 30), cingulate gyrus (BA 31) the lentiform 

nucleus, caudate, declive, and cerebellar tonsil. 

 

 
 

Figure 37. Activation maps for the ADHD (top) and ARND (bottom) groups for the xt-c 

contrast. 

 

 For the ARND group significant (p < .01) BOLD activations for the xt-c contrast 

included bilateral frontal, parietal, and occipital activations and left sided temporal 

cortical regions (Figure 37). Activation in the frontal cortex included the precentral gyrus 

(BAs 4 and 6) and the DLPFC (BAs 9 and 46). Parietal activations included the inferior 

parietal gyrus and lobule (BA 40), postcentral gyrus (BAs 1 and 2) and the precuneus 

(BAs 7 and 19). Occipital cortical activation was found in the cuneus (BAs 17 and 18). 

Left sided temporal cortex activation was found in the superior temporal gyrus (BA 22). 

Other areas of activation included the cingulate gyrus (BA 23), the parahippocampal 

gyrus (BA 30) and the culmen. 

 There were no regions found when examining activation maps with the ADHD 

group having greater activation (p = .05) than the ARND group for the xt-c contrast, both 

with and without the addition of the covariate. 
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Table 50. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the xt-c contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Right   Middle   6 

      Superior  6 

      Medial   6 

      Superior  8* 

      Middle   8* 

      Middle   9 

      Sub-gyral  10 

      Superior   10 

      Medial   10 

      Subcallosal   47* 

Parietal  Left   Postcentral  2 

      Precuneus  7 

   Right   Precuneus  7 

      Superior Parietal Lobule 7 

Temporal  Left   Superior  22 

Occipital  Left   Cuneus  7 

      Cuneus  18* 

      Cuneus  19 

   Right   Cuneus  19 

Posterior  Left   Declive   

   Right   Cerebellar Tonsil * 

Sub-lobar  Right   Caudate  

      Thalamus 

      Lentiform Nucleus 

Limbic   Right   Cingulate   31* 

      Cingulate  32* 

_______________________________________________________________________ 

 

 

Table 51. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the xt-c contrast with the addition of the covariate COM 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4* 

      Medial   10* 

      Middle   10* 

      Inferior  46*  

      Middle   46* 

   Right   Precentral  4* 

      Precentral  6 



                                                                                            ARND, ADHD and fMRI   193 

      Middle   9 

      Superior  10 

Parietal  Left   Postcentral  2 

      Postcentral  3* 

      Inferior Parietal Lobule 7 

      Precuneus  7 

      Inferior Parietal Lobule 40* 

   Right   Postcentral  1* 

      Postcentral  2* 

      Superior Parietal Lobule 7 

      Postcentral  7 

      Inferior Parietal Lobule 40* 

Temporal  Left   Superior  22 

   Right   Middle   21* 

Occipital  Left   Cuneus  7 

      Cuneus  19 

   Right   Lingual  18* 

      Middle   19 

      Middle   37* 

      Inferior Parietal Lobule 37* 

Posterior  Left   Declive 

Sub-lobar  Right   Caudate 

      Thalamus 

      Lentiform Nucleus 

Limbic   Left   Cingulate  31* 

      Anterior Cingulate 33* 

   Right   Anterior Cingulate * 

      Cingulate  23* 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 The ADHD group only had areas of less activation than the ARND group in the 

xt-c contrast fMRI analysis, with and without the addition of the covariate (Tables 50 and 

51). This was the case in the right-sided frontal, left-sided temporal, and bilateral parietal 

and occipital cortices as well as mainly right-sided sub-cortical structures without the 

covariate (Figure 38). This pattern of activation slightly decreased with the addition of 

the covariate COM but this did not change the activation map in a significant manner 

(Figure 38).  
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Figure 38. Activation maps for ADHD<ARND for the xt-c contrast without covariate 

(top), with the covariate Com (bottom). 

 

Conjunction Task 

 The conjunction and conjunction-disjunction subtractive contrasts were used for 

the conjunction task analysis. Both types of trials examined attention with high and low 

distraction conditions and the subtractive contrast allowed for examination of the cortical 

regions primarily involved in the more challenging conjunction task.  

 Conjunction Contrast. Significant (p < .001) BOLD activations for the ADHD 

group for the conjunction contrast included bilateral frontal and temporal along with right 

sided parietal cortical regions (Figure 39). Activations in the frontal cortex included 

bilateral middle and superior frontal gyri (BAs 9 and 10) and right sided middle frontal 

gyrus (BA 8). Parietal activation was found in the right sided post central gyrus. 

Temporal activations included left sided middle temporal gyrus (BAs 20 and 21), 

superior temporal gyrus (BA 22) and right side fusiform gyrus (BA 37).  Other 

activations included bilateral insula (BA 13) and right caudate. 
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Figure 39. Activation maps for the ADHD (top) and ARND (bottom) groups for the 

conjunction contrast. 

 

 Activations for the ARND group for the conjunction contrast included bilateral 

frontal, parietal, temporal and occipital cortical regions (Figure 39). Activations in the 

frontal cortex included bilateral inferior frontal gyrus (BA 9), bilateral middle frontal 

gyrus (BA 10, right 9, and left 6 and 8), and bilateral superior frontal gyrus (BA 6 and 

left 10). Parietal activations included bilateral postcentral gyrus (left BA 40 and right BA 

2), bilateral superior parietal lobule (BA 7), right inferior parietal lobule (BA 40) and 

right precuneus (BA 7). Temporal activations were found in the left middle temporal 

gyrus (BA 39) and bilateral superior temporal gyrus (left BA 38 and right 42). 

Activations in the occipital cortex were found in bilateral middle occipital gyrus (BAs 19 

and left 18) and the left inferior occipital gyrus (BA 19). Other activations included 

bilateral declive, bilateral cingulate gyrus (left BA 31 and right 32), left parahippocampal 

gyrus (BA 19), bilateral thalamus and insula (BA 13), and right caudate and culmen. 
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Table 52. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the conjunction contrast without the addition of the covariates 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Paracentral Lobule 6 

      Middle   6 

      Medial   6 

      Superior  8 

      Superior  9 

      Middle   9 

   Right   Precentral  4 

      Middle   8 

      Medial   8 

      Superior  9 

Parietal  Left   Postcentral  5 

      Precuneus  7 

      Precuneus  19 

      Inferior Parietal Lobule 40 

      Supramarginal  40 

   Right   Postcentral   3 

      Postcentral  7 

      Precuneus  3 

Temporal  Left   Inferior  19 

      Middle   21 

      Superior  22 

      Middle   37  

      Superior  39 

   Right   Superior  13 

      Middle   21 

      Superior   39 

Occipital  Left   Inferior  18 

   Right   Middle   18 

Sub-lobar  Left   Caudate 

      Claustrum  

      Insula   13 

   Right   Insula   13 

      Caudate   

      Lentiform Nucleus  

      Thalamus 

Posterior  Right   Declive 

Anterior  Right   Culmen 

Limbic   Left   Cingulate   32 

   Right   Parahippocampal 30 

________________________________________________________________________ 
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Table 53. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the conjunction contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Paracentral Lobule 6 

      Superior  6* 

      Middle   6 

      Precentral  6* 

      Medial   6 

      Superior  8 

      Superior  9 

   Right   Precentral  4 

      Precentral  6* 

      Middle   8 

      Medial   8 

      Superior  9 

      Middle   9* 

      Middle   46* 

      Inferior  47* 

Parietal  Left   Inferior Parietal Lobule 40 

   Right   Postcentral  3 

      Postcentral  7 

      Precuneus  7* 

      Precuneus  31* 

Temporal  Left   Inferior  19 

      Inferior  20* 

      Middle   21 

      Superior  38* 

      Superior  39 

   Right   Superior  13 

      Middle   21 

      Superior  39 

Occipital  Left   Inferior  18 

   Right   Middle   18 

Sub-lobar  Left   Caudate 

   Right   Insula   13 

      Caudate   

      Thalamus 

      Claustrum  * 

Posterior  Right   Declive 

Anterior  Left   Culmen  * 

   Right   Culmen 

Limbic   Left   Cingulate  24* 

      Cingulate  32 

      Parahippocampal 36* 
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________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 54. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the conjunction contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4* 

      Precentral  6 

      Superior  9 

      Middle   9 

   Right   Precentral   6* 

      Middle   8 

      Medial   8 

      Superior  8* 

      Superior  9 

      Middle   9* 

      Precentral  9* 

      Inferior  45* 

      Inferior  47* 

Parietal  Left   Postcentral  5 

      Postcentral  7* 

      Precuneus  7 

      Precuneus  19 

      Angular  39* 

   Right   Postcentral  7 

      Precuneus  7* 

      Inferior Parietal Lobule 40* 

      Postcentral  40* 

Temporal  Left   Inferior  19 

      Middle   21 

      Middle   22 

      Superior  41* 

   Right   Middle   21 

      Superior  22* 

      Superior  39 

      Hippocampus  * 

Occipital  Left   Lingual   17* 

      Lingual  18 

      Inferior  19* 

      Middle   19* 

      Middle Temporal  37* 

   Right   Lingual  18 

Sub-lobar  Left   Caudate   

      Thalamus  * 
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   Right   Insula   13 

      Caudate 

      Lentiform Nucleus 

      Thalamus 

Posterior  Right   Declive 

Anterior  Left   Culmen 

   Right   Culmen  

Limbic   Left   Cingulate  23* 

      Posterior Cingulate 30* 

      Anterior Cingulate 32 

      Parahippocampal 36* 

   Right   Parahippocampal 35*   

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 

 

 
 

Figure 40. Activation maps for ADHD>ARND for the conjunction contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

 

 The addition of the covariates to the conjunction contrast when ADHD>ARND 

did not have a significant impact on the areas of activation as seen in the activation maps 
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(Figure 40). Differences that were noted were often found in similar or adjacent cortical 

areas (differences noted in Tables 52, 53 and 54).  

Table 55. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the conjunction contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Middle   9 

      Middle   10 

      Superior  10 

      Middle   11 

      Inferior  44 

      Inferior  45 

      Middle   46 

   Right   Medial   8 

      Superior  8 

      Inferior  9 

      Superior  10 

Parietal  Right   Inferior Parietal Lobule 40 

Temporal  Right   Superior  22 

Occipital  Right   Cuneus  18 

Sub-lobar  Left   Insula   13 

Limbic   Left   Cingulate  32 

      Anterior Cingulate 32 

   Right   Anterior Cingulate  24   

________________________________________________________________________ 

 

Table 56. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the conjunction contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Superior  10 

      Middle   11 

      Precentral  44 

      Inferior  45 

      Middle   46 

   Right   Inferior  9 

Temporal  Right   Superior  22 

Occipital  Left   Cuneus  18* 

   Right   Cuneus  18 

Sub-lobar  Left   Insula   12 

Limbic   Left   Cingulate  32 

      Anterior Cingulate 32 
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   Right   Anterior Cingulate  24 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 57. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the conjunction contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Inferior  9 

      Middle   9 

      Precentral  44 

      Inferior  45 

      Middle   46 

   Right   Inferior  9 

      Inferior  44* 

Temporal  Right   Superior  22 

Occipital  Right   Cuneus  18 

Sub-lobar  Left   Insula   13 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 In the conjunction analysis there were less areas of significant activation when 

examining ADHD<ARND as seen in the activation maps (Figure 41) and Table 56, 57 

and 58.  The addition of the covariates for this contrast did not significantly change the 

activation, except for a small change in the right parietal cortical area (Tables 57 and 58 

and Figure 41). 
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Figure 41. Activation maps for ADHD<ARND for the conjunction contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

 

 Conjunction-disjunction contrast. Significant (p < .05) BOLD activations for the 

ADHD group for the conjunction-disjunction (conj-disj) subtractive contrast included 

bilateral frontal, parietal, occipital along with left sided temporal cortical regions (Figure 

42). Activations in the frontal cortex included the middle frontal gyrus (BA 6), the 

precentral gyrus (BAs 6 and 9), the superior frontal gyrus (BAs 6 and 8) and the inferior 

frontal gyrus (BA 45). Parietal activations included the postcentral gyrus (BAs 2 and 3), 

the precuneus (BA 7) and the inferior parietal lobule (BA 40). Occipital activations 

occurred in the middle occipital gyrus (BAs 18 and 19) and the lingual gyrus. Left sided 

temporal activations included the superior and middle temporal gyri (BA 39) and the 

fusiform gyrus ( BA 37).  Other activations included the declive, anterior cingulate (BAs 
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24 and 33), the posterior cingulate (BA 30), the cingulate gyrus (BA 24), the thalamus 

and the insula (BA 13). 

 Activations for the ARND group for the conj-disj subtractive contrast included 

bilateral frontal and left sided temporal cortical regions (Figure 42). Activations in the 

frontal cortex included the middle frontal gyrus (BAs 10 and 47), the inferior frontal 

gyrus (BAs 45, 46 and 47) and the right sided superior frontal gyrus (BA 10). Left sided 

temporal activation was found in the superior temporal gyrus (BA 38). Other activations 

were found in the caudate. 

 

 
 

Figure 42. Activation maps for the ADHD (top) and ARND (bottom) groups for the conj-

disj contrast. 

  

Table 58. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the conj-disj contrast without the addition of the covariates 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Middle   6 

      Middle   8 

      Middle   9 

      Superior  9 

      Middle   10 

Parietal  Right   Precuneus  7 

Temporal  Left   Middle   21 
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   Right   Superior  39 

Occipital  Right   Middle   18 

Limbic   Left   Anterior Cingulate 24 

      Parahippocampal 27 

      Anterior Cingulate 33 

   Right   Anterior Cingulate 24 

Sub-lobar  Left   Thalamus 

      Lentiform Nucleus 

Anterior  Right   Culmen 

________________________________________________________________________ 

 

Table 59. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the conj-disj contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Middle   8 

      Middle   9 

      Superior  9 

      Inferior  45* 

   Right   Middle   6* 

Parietal  Left   Angular  39* 

Temporal  Left   Middle   21 

   Right   Middle   21* 

      Fusiform  37* 

      Superior  39 

Posterior  Right   Declive  * 

Limbic   Left   Anterior Cingulate 33 

   Right   Anterior Cingulate 24 

Sub-lobar  Left   Thalamus 

      Caudate  * 

      Lentiform Nucleus 

      Claustrum  * 

Anterior  Right   Dentate  * 

      Culmen 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 60. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the conj-disj subtractive contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Superior  10 

   Right   Precentral  4* 

      Middle   6* 
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      Superior  6* 

      Superior   8* 

Parietal  Left   Postcentral  3* 

      Angular  39* 

   Right   Postcentral  2* 

      Postcentral  3* 

      Precuneus  7 

      Postcentral  7 

      Angular  39* 

      Supramarginal  40* 

      Inferior Parietal Lobule 40* 

Temporal  Left   Middle   21 

   Right   Hippocampus  * 

      Fusiform  37* 

      Superior  39 

Occipital  Left   Lingual  17* 

      Cuneus  17* 

   Right   Lingual  18 

      Cuneus  18 

      Fusiform  19* 

      Cuneus  30* 

      Precuneus  31* 

Posterior  Right   Declive  * 

Limbic   Left   Anterior Cingulate 33 

   Right   Cingulate  31* 

      Parahippocampal 35* 

Sub-lobar  Right   Insula   13* 

      Caudate  * 

Anterior  Right   Dentate  * 

      Culmen     

   

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 Once again there was a slight decrease in activation patterns as seen in Figure 43   

with the addition of the covariates for the conj-disj contrast, especially with the CV 

covariate analysis, when the ADHD group’s activation was greater than the ARND group 

(Tables 59 and 60). This was most pronounced in the left cortical regions. Although the 

overall pattern of activation did not appear to change significantly with the addition of the 

covariate RTBC, the addition of the CV covariate to the analysis appeared to clean up the 
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activation map and therefore make the differences between the two clinical groups more 

clear (Figure 43). 

 

 

 

 
 

Figure 43. Activation maps for ADHD>ARND for the conj-disj contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

  

Table 61. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the conj-disj subtractive contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Inferior  10 

      Middle   11 

      Inferior  45 

      Inferior  46 

      Inferior  47 

   Right   Superior  10 

      Middle   10 

      Medial   10 

      Inferior  47 

      Medial    
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Temporal  Left   Middle   21 

   Right   Sub-gyral  20 

      Middle   39* 

Sub-lobar  Left   Caudate   

      Insula   13 

   Right   Caudate      

________________________________________________________________________ 

 

Table 62. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the conj-disj subtractive contrast with the addition of the covariate 

RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Medial   10 

      Middle   11 

      Inferior  13* 

      Inferior  47 

   Right   Superior  10 

      Middle   11 

      Medial    

Temporal  Left   Middle   21 

      Sub-gyral  20 

Sub-lobar  Right   Caudate   

      Insula   13 

   Left   Caudate 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 63. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the conj-disj subtractive contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Middle   11 

      Inferior  47 

   Right   Superior  10 

Temporal  Left   Superior  38* 

   Right   Middle   39 

Sub-lobar  Right   Caudate 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 In the conj-disj, like in the conjunction analysis, there were less areas of 

significant activation when examining where the ADHD group had less activation than 
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the ARND group (Table 61). This was even further reduced by the addition of the 

covariates (Tables 62 and 63 and Figure 44).  There were very few changes in areas of 

activation with the addition of the covariate RTBC for the ADHD<ARND conj-disj 

contrast but the CV covariate reduced the areas of activation primarily in the left frontal 

cortical area (Figure 44). 

 

 

 

 
 

Figure 44. Activation maps for ADHD<ARND for the conj-disj contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

 

Spatial Cueing Task 

 Three contrasts were examined for the Spatial Cueing task analysis, miscue minus 

cue (mis-cue), cue minus miscue (cue-mis) and (cue plus miscue) minus 0-back 

[(cue+mis) – 0-back]. In this task it would be expected that trials where there is a miscue, 

as opposed to a cue, would be more challenging as the subject would have to inhibit an 
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automatic response and respond based on the stimuli rather than the cue. This task would 

involve similar cortical regions as those expected in the Conjunction task as Spatial 

Cueing would involve visual spatial attention, the discrimination of stimuli, the ability to 

evaluate the importance of a stimulus and respond accordingly.  

 Miscue-cue contrast. Significant (p < .05) BOLD activations for the ADHD group 

for the mis-cue contrast included right frontal and temporal cortical regions, primarily 

right sided parietal regions and left sided sub-lobar cortical regions (Figure 45). 

Activations in the right sided frontal cortex included the middle frontal gyrus (BAs 10 

and 46), inferior frontal gyrus (BAs 44, 45 and 46) and the precentral gyrus (BA 4). 

Parietal activations included the precuneus (BA 7) and right sided activations in the 

angular gyrus (BA 39), the supramarginal gyrus (BA 40), the inferior and superior 

parietal lobule (BAs 40 and 7) and the postcentral gyrus (BA 2). Right sided temporal 

activation was found in the angular gyrus (BA 39) and left sided sub-lobar activation was 

found in the lentiform nucleus.  

 

 
 

Figure 45. Activation maps for the ADHD (top) and ARND (bottom) groups for the 

miscue-cue contrast. 
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 Activations for the ARND group for the miscue-cue contrast included bilateral 

frontal, parietal, and temporal cortical regions along with left sided activation in the 

occipital cortical region (Figure 45). Activations in the frontal cortex included the 

precentral gyrus (BAs 4,6 and 9), the medial frontal gyrus (BA 6), the middle frontal 

gyrus (BA 6 and 9) and the inferior frontal gyrus (BAs 45 and 47). Parietal activations 

included the precuneus (BAs 7 and 19), the left sided superior parietal lobule (BA 7), the 

right sided supramarginal gyrus (BA 40) and angular gyrus (BA 39). Activations in the 

temporal cortex included the middle temporal gyrus (BAs 21, 22, 37 and 39), the superior 

temporal gyrus (BA 22) and sub-gyral activation (BA 37). Activation in the left occipital 

cortex was found in the middle occipital gyrus (BA 37). Other activations included the 

right sided cingulate (BA 31), parahippocampal gyrus (BA36), and anterior cingulate 

(BA 24), left sided declive, and the caudate, thalamus, culmen and right side fastigum. 

Table 64. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the miscue-cue contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Middle   10 

   Right   Middle   10 

________________________________________________________________________ 

 

Table 65. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the miscue-cue contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Right   Precentral  6* 

      Middle   10 

Parietal  Right   Inferior Parietal Lobule 40*  

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 
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Table 66. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the miscue-cue contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Middle   46* 

   Right   Middle   10 

      Precentral  6* 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 

 

 
 

Figure 46. Activation maps for ADHD>ARND for the miscue-cue contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

 

 For the miscue-cue contrast, the ADHD group had only a few areas of activation 

that were greater than the ARND group (Table 64), with this activation occurring mainly 

in the frontal cortex. There were minimal changes in activation with the addition of either 

covariate, but slightly more with RTBC (Tables 65 and 66 and Figure 46).  
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Table 67. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the miscue-cue contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Precentral  4 

      Medial   6 

      Precentral  9 

      Medial   10 

      Inferior  47 

   Right   Middle   6 

      Medial   6 

      Paracentral Lobule 6 

      Middle   9 

      Inferior  47 

Parietal  Left   Precuneus  7 

      Precuneus  19 

      Precuneus  31 

      Angular  39 

   Right   Postcentral  3 

Temporal  Left   Middle   21 

      Superior  22 

   Right   Inferior  21 

      Sub-gyral  37 

      Middle   39 

Occipital  Left   Cuneus  17 

      Middle   18 

      Cuneus  18 

      Middle   19 

   Right   Cuneus  18 

      Superior  19 

      Middle   19 

Limbic   Left   Cingulate  24 

      Anterior Cingulate 32 

   Right   Cingulate  24 

      Anterior Cingulate 32 

      Parahippocampal 36 

Anterior  Left   Culmen 

Sub-lobar  Left   Insula   13 

      Claustrum   

      Thalamus 

Posterior  Left   Declive 

________________________________________________________________________ 
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Table 68. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the miscue-cue contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4 

      Medial   6 

      Inferior  47 

   Right   Medial   6 

      Middle   6 

      Middle   9 

      Precentral  43* 

Parietal  Left   Precuneus  31 

      Angular   39 

      Inferior Parietal Lobule 40* 

   Right   Postcentral  3 

      Supramarginal  40* 

      Inferior Parietal Lobule 40* 

Temporal  Left   Middle   21 

      Superior  22 

      Superior  38* 

      Superior  39* 

      Middle   39* 

   Right   Inferior  21 

      Superior  22* 

      Middle   39 

      Supramarginal  40* 

      Superior  42* 

Occipital  Left   Cuneus  18 

      Inferior  37* 

   Right   Cuneus  18 

Limbic   Left   Anterior Cingulate 24 

      Cingulate   24 

      Cingulate  31* 

      Cingulate  32 

      Anterior Cingulate 32 

   Right   Anterior Cingulate 24 

      Cingulate  32 

      Parahippocampal 36 

Anterior  Left   Culmen 

Sub-lobar  Left   Insula   13 

      Caudate  * 

   Right   Insula   13* 

      Claustrum  * 

Posterior  Declive 

________________________________________________________________________ 
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* Difference in activations with the addition of the covariate 

 

Table 69. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the miscue-cue contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4 

      Medial   6 

      Inferior  47 

   Right   Middle   6 

      Medial   6 

      Paracentral Lobule 6 

      Precentral  6 

      Middle   9 

      Precentral  43* 

Parietal  Left   Postcentral  43* 

   Right   Postcentral  3 

      Postcentral  7* 

      Superior Parietal Lobule 7* 

Temporal  Left   Superior  22 

      Superior  38* 

   Right   Inferior  21 

Occipital  Left   Middle   18 

      Middle   19 

   Right   Cuneus  7* 

Limbic   Left   Cingulate  24 

      Cingulate  32 

      Anterior Cingulate 32 

   Right   Cingulate  24 

      Anterior Cingulate 32 

      Parahippocampal 36 

Anterior  Left   Culmen 

Sub-lobar  Left   Insula   13 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 In general, the ADHD group had less activation than the ARND group in the 

miscue-cue fMRI analysis, with and without the addition of the covariate (Tables 67, 68 

and 69). Changes noted with the addition of the covariates were most often in adjacent 

cortical areas and did not represent significant changes in activation (Figure 47). Visual 
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inspection of the RTBC covariate activation map appears to show less activation with the 

addition of this covariate (Figure 47). 

 

 

 
 

Figure 47. Activation maps for ADHD<ARND for the miscue-cue contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

 

 Cue-miscue contrast. Significant (p < .05) BOLD activations for the ADHD 

group for the cue-mis contrast included bilateral frontal, parietal and temporal cortical 

regions (Figure 48). Activations in the frontal cortex included the DLPFC (BA’s 8, 9 and 

46), inferior frontal gyrus (BA 47), the precentral gyrus (BA 43) and the paracentral 

lobule (BA 5). Parietal activations included the postcentral gyrus (BAs 2, 3, and 43) and 

the inferior and superior parietal lobule (BAs 40 and 7). Temporal activation was found 

in the middle temporal gyrus (BA 21), the inferior temporal gyrus (BA 21), and the 

superior temporal gyrus (BA 22). Other activations included the insula (BA 13), the 
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lentiform nucleus, the culmen and the right sided cingulate gyrus (BA 24) and 

parahippocampal gyrus (BA 19 and 30). 

 

 
 

Figure 48. Activation maps for the ADHD (top) and ARND (bottom) groups for the cue-

miscue contrast. 

 

 Activations for the ARND group for the cue-mis contrast (Figure 48) included 

bilateral frontal cortical regions including the middle frontal gyrus (BAs 9 and 10) along 

with the superior frontal gyrus (BA 10).  

Table 70. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the cue-mis contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Precentral  4   

      Medial   6 

      Precentral  9 

      Medial   10 

      Inferior  47 

   Right   Middle   6 

      Medial   6 

      Paracentral Lobule 6 

      Middle   9 

      Inferior  47 

Parietal  Left   Precuneus  7 

      Precuneus  19 
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      Precuneus  31 

      Angular   39 

   Right   Postcentral  3 

Temporal  Left   Middle   21 

      Superior  22 

   Right   Inferior  21 

      Sub-gyral  37 

      Middle   39 

Occipital  Left   Cuneus  17 

      Middle   18 

      Cuneus  18 

      Middle   19 

   Right   Cuneus  18 

      Superior  19 

      Middle   19 

Limbic   Left   Cingulate  24 

      Anterior Cingulate 32 

      Thalamus   

   Right   Cingulate  24 

      Anterior Cingulate 32 

      Parahippocampal 36 

Anterior  Left   Culmen 

Sublobar  Left    Insula   13 

      Claustrum  

Posterior  Left   Declive      

________________________________________________________________________ 

 

Table 71. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the cue-mis contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4   

      Medial   6 

      Inferior  47 

   Right   Medial   6 

      Middle   6 

      Middle   9 

      Precentral  43* 

Parietal  Left   Precuneus  31 

      Angular  39 

      Inferior Parietal Lobule 40* 

   Right   Postcentral  3 

      Supramarginal  40* 

      Inferior Parietal Lobule 40* 

Temporal  Left   Middle   21 
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      Superior  22 

      Superior  38* 

      Superior  39* 

      Middle   39* 

   Right   Inferior  21 

      Superior  22* 

      Middle   39 

      Supramarginal  40* 

      Superior  42* 

Occipital  Left   Cuneus  18 

      Inferior Temporal  37* 

   Right   Cuneus  18 

Limbic   Left   Anterior Cingulate 24 

      Cingulate   24 

      Cingulate  31* 

      Cingulate  32 

      Anterior Cingulate 32 

   Right   Anterior Cingulate 24 

      Cingulate  32 

      Parahippocampal  36 

Anterior  Left   Culmen 

Sublobar  Left   Insula   13 

      Caudate 

   Right   Insula   13* 

      Claustrum  * 

Posterior  Left   Declive      

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 72. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the cue-mis contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4 

      Medial   6 

      Inferior  47 

   Right   Middle   6 

      Medial   6 

      Paracentral Lobule 6 

      Precentral  6 

      Middle   9 

      Precentral  43* 

Parietal  Left   Postcentral  43* 

   Right   Postcentral  3 

      Superior  7* 
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      Superior Parietal Lobule 7* 

Temporal  Left   Superior  22 

      Superior  38* 

   Right   Inferior  21 

Occipital  Left   Middle   18 

      Middle   19 

   Right   Cuneus  7* 

Limbic   Left   Cingulate  24 

      Cingulate  32 

      Anterior Cingulate 32 

   Right   Cingulate  24 

      Anterior Cingulate 32 

      Parahippocampal 36 

Anterior  Left   Culmen 

Sub-lobar  Left   Insula   13   

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 

 

 
 

Figure 49. Activation maps for ADHD>ARND for the cue-miscue contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 
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 For the cue-mis contrast, the ADHD group had many areas of activation that were 

greater than the ARND group, with this activation occurring in the frontal, parietal, 

temporal and occipital cortical regions (Table 70 and Figure 49). There were several 

changes in activation with the addition of both covariates and this occurred in all cortical 

regions (Tables 71 and 72 and Figure 49). Less change was seen with the addition of the 

covariates in the limbic, anterior, and sub-lobar regions (not appearing on the cortical 

activation maps).  

Table 73. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the cue-mis contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Middle   10 

   Right   Middle   10 

________________________________________________________________________ 

 

Table 74. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the cue-mis contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Right   Precentral  6* 

      Middle   10 

Parietal  Right   Inferior Parietal Lobule 40* 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 75. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the cue-mis contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Middle   46* 

   Right   Precentral  6* 

      Middle   10 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 
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 The Broadman area (BA) tables (Tables 73, 74 and 75) along with the activation 

map (Figure 50) for the cue-miscue contrast indicate that there were very few areas where 

the ADHD group had less activation than the ARND group. This was the case with and 

without the addition of the covariates (Figure 50). 

 

 

 

 
 

Figure 50. Activation maps for ADHD<ARND for the cue-miscue contrast without 

covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

 

 The ADHD group had more areas of activation than the ARND group in the cue-

miscue fMRI analysis. There was little change in activation patterns with the addition of 

the covariate RTBC, but there appeared to be less areas of activation with the addition of 

the covariate CV. This was especially true when looking at areas where the ADHD group 

had greater activation than the ARND group.  
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 Cue+miscue – 0back contrast. This contrast examined the activation patterns of 

cue plus miscue trials with the activation maps of the control 0back task subtracted. This 

allowed for the examination of the areas associated with more complex spatial attention 

while removing the influence of simple visual spatial attention.  

 Significant (p < .01) BOLD activations for the ADHD group for the cue+mis - 

0back contrast included bilateral frontal, parietal and temporal cortical regions, along 

with left sided occipital cortical regions (Figure 51). Activations in the frontal cortex 

included the precentral gyrus (BA 4), the inferior frontal gyrus (BA 47), the middle 

frontal gyrus (BA 10 and 46), and the medial frontal gyrus (BA 6 and 10). Parietal 

activations included the postcentral gyrus (BAs 1, 3, 40, and 43), the left sided precuneus 

(BA 19), the supramarginal gyrus (BA 40) the inferior and superior parietal lobule (BAs 

40 and 7). Temporal activation was found in the middle temporal gyrus (BA 39), the 

superior temporal gyrus (BA 21), and the left sided caudate. Left sided occipital cortical 

activations included the cuneus (BA’s 19 and 30), the lingual gyrus (BA 18) and the 

inferior temporal gyrus (BA 19). Other activations included the insula (BA 13), the 

lentiform nucleus, the culmen, thalamus, cingulate gyrus (BA 24), right sided posterior 

cingulate (BA 30), and the left sided declive. 

 Activations for the ARND group for the cue+mis – 0back contrast included 

bilateral frontal, parietal, temporal cortical regions along with left sided occipital cortical 

regions (Figure 51). Activations in the frontal cortex included the left sided precentral 

gyrus (BA 4) and the paracentral lobule (BA 6) along with the right sided inferior frontal 

gyrus. Parietal activations included the precuneus (BA 7), the postcentral gyrus (BA 2, 3, 

7, 5 and 40) and the inferior parietal lobule (BA 40). Activations in the temporal cortex 
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included the superior temporal gyrus (BA 22) and the supramarginal gyrus (BA 40). Left 

sided occipital activations included the precuneus (BA 31) and the lingual gyrus (BA 18). 

Other activations included the parahippocampal gyrus (BA 36 and 27), the culmen and 

the right sided cerebellar lingual. 

 

 
 

Figure 51. Activation maps for the ADHD (top) and ARND (bottom) groups for the 

cue+miscue – 0back contrast. 

 

Table 76. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the cue + mis -0back contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Frontal   Left   Precentral  4 

      Precentral  6 

      Inferior   13 

      Inferior  47 

   Right   Precentral  4 

      Precentral  6 

      Middle   9 

      Superior  9 

      Precentral  44 

      Inferior  47 

Parietal  Left   Postcentral  2 

      Inferior Parietal Lobule 40 

Temporal  Left   Sub-gyral  20 

      Superior  21 

      Superior  38 
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      Middle   39 

   Right   Superior  21 

      Fusiform   37 

      Superior  38 

      Middle   39 

Occipital  Left   Fusiform  19 

   Right   Lingual   18 

Limbic   Right   Cingulate  32 

      Anterior Cingulate 32 

      Parahippocampal 36 

Anterior  Left   Culmen 

Sub-lobar  Left   Insula   13 

      Caudate 

      Thalamus 

      Lentiform Nucleus  

   Right   Insula   13 

      Insula   22 

Posterior  Left   Declive      

________________________________________________________________________ 

 

Table 77. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the cue+mis -0back contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4 

      Medial   6 

      Middle   6 

      Precentral  6 

      Middle   8* 

      Superior  9* 

      Precentral  9* 

      Middle   9* 

      Medial   10* 

      Superior  10* 

      Cingulate  32* 

      Middle   46* 

      Inferior  48 

   Right   Precentral   4 

      Precentral  6 

      Middle   6 

      Superior  8* 

      Middle   9 

      Superior  9 

      Inferior  46* 

Parietal  Left   Inferior Parietal Lobule 40 
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Temporal  Left   Sub-gyral  20 

      Middle   20 

      Superior  21 

      Middle   21 

      Fusiform  37* 

      Middle   39 

   Right   Sub-gyral  37 

      Fusiform  37 

      Middle   39 

Occipital  Left   Lingual  18* 

      Lingual  * 

      Middle   19 

   Right   Lingual  18 

      Middle   19* 

      Lingual  19* 

Limbic   Left   Cingulate  24* 

      Amygdala  *  

   Right   Cingulate  24* 

      Cingulate  32 

      Anterior Cingulate 32 

      Parahippocampal 36 

Anterior  Left   Culmen 

   Right   Culmen  * 

Sub-lobar  Left   Thalamus 

      Insula   13 

   Right   Thalamus  * 

      Insula   45* 

Posterior  Right   Declive  * 

            

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 78. Regions in which the ADHD group had greater activation (p = .05) than the 

ARND group in the cue+mis-0back contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Frontal   Left   Precentral  4 

      Precentral  6 

      Middle   46* 

      Inferior  47 

   Right   Precentral  4 

      Precentral  6 

      Inferior  45* 

      Inferior  47 

Temporal  Left   Fusiform  37* 
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      Superior  38 

      Middle   39 

   Right   Sub-gyral  21 

      Middle   21 

      Sub-gyral  37 

      Superior  38 

      Middle   39 

Occipital  Left   Cuneus  17*    

      Inferior  18* 

      Middle   18* 

      Cuneus  18* 

      Lingual  19 

      Middle   19 

      Fusiform  37* 

   Right   Lingual  18 

      Middle   19* 

      Inferior  19* 

      Lingual  19* 

Limbic   Left   Parahippocampal 19* 

   Right   Cingulate  32 

      Parahippocampal 36 

Anterior  Left   Culmen  

   Right   Culmen  * 

Sub-lobar  Left   Insula   13 

      Thalamus 

   Right   Claustrum  * 

Posterior  Left    Declive 

   Right   Declive  * 

Brainstem  Right   Substantia Nigra *  

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

 For the cue+miscue – 0back contrast, the ADHD group had many areas of 

activation that were greater than the ARND group, with this activation occurring in the 

frontal, parietal, temporal and occipital cortical regions (Table 76 and Figure 52). There 

were several changes in activation with the addition of both covariates and this occurred 

in all cortical regions (Tables 77 and 78 and Figure 52). 
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Figure 52. Activation maps for ADHD>ARND for the cue+miscue – 0back contrast 

without covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

   

Table 79. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the cue+mis-0back contrast without the addition of the covariate 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA  

________________________________________________________________________ 

Parietal  Left   Superior Parietal Lobule 7  

      Precuneus  7 

      Precuneus  19 

      Angular  39 

   Right   Postcentral  3 

      Precuneus  7 

      Postcentral  7 

      Inferior Parietal Lobule 40 

Temporal  Right   Superior  42 

Occipital  Right   Precuneus  31 

Limbic   Left   Parahippocampal 35 

      Parahippocampal 36 

   Right   Parahippocampal 19 

      Cingulate  24 

      Cingulate  31 
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      Posterior Cingulate 31 

________________________________________________________________________ 

 

 

Table 80. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the cue+mis-0back contrast with the addition of the covariate RTBC 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Parietal  Left   Superior Parietal Lobule 7 

      Precuneus  7 

   Right   Postcentral  3 

      Precuneus  7 

      Inferior Parietal Lobule 40 

      Postcentral  43* 

Temporal  Right   Middle   39* 

      Superior  42 

Limbic   Left   Cingulate  31* 

   Right   Parahippocampal 19 

      Cingulate  24 

      Cingulate  31 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 

 

Table 81. Regions in which the ADHD group had less activation (p = .05) than the 

ARND group in the cue+mis-0back contrast with the addition of the covariate CV 

________________________________________________________________________ 

Region   Hemisphere  Gyrus   BA   

________________________________________________________________________ 

Parietal  Left   Superior Parietal Lobule 7 

      Precuneus  7 

   Right   Postcentral   3 

      Angular   39* 

      Inferior Parietal Lobule 40 

      Postcentral  43* 

Temporal  Right   Superior  42 

Limbic   Left   Cingulate  31* 

   Right   Cingulate  24 

________________________________________________________________________ 

* Difference in activations with the addition of the covariate 
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Figure 53. Activation maps for ADHD<ARND for the cue+miscue – 0back contrast 

without covariates (top), with the covariate RTBC (middle), and covariate CV (bottom). 

 

 In general, the ADHD group had more areas of activation than the ARND group 

in the cue+miscue-0back fMRI analysis. There was a slight decrease in the activation 

pattern with the addition of the covariate RTBC, but there appeared to be a very slight 

increase of areas of activation with the addition of the covariate CV.  

Discussion 

Neurobehavioural Profile 

 The first aim of this study was to determine if there were any significant 

differences between the three groups (and especially between the two clinical groups) in 

order to help identify a possible neurobehavioural profile. The results of the 

neurobehavioral profile analysis using MANOVA indicated that the two clinical groups, 
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ADHD and ARND, were similar in their behavioural profile, and significantly different 

than the TD group, when examining the majority of the parent/caregiver measures. This 

was the case for measures of oppositional behaviour, cognitive problems/inattention, 

hyperactivity, and the two executive functioning indices of behavioural regulation and 

metacognition. The results are in line with what is generally found in clinical practice and 

assessment and in previous research studies that have compared these two groups 

(Nanson & Hiscock, 1990; Greenbaum et al., 2009; Peadon & Elliott, 2010; Rasmussen 

et al., 2010; Kingdon et al., 2016). As these two groups are behaviourally very similar it 

further demonstrates how difficult the diagnosis of ARND can be if there is not a 

confirmation of prenatal alcohol exposure (if alcohol exposure was suspected but could 

not be confirmed). The only standardized psychological measure (and therefore more 

objective than the parent/caregiver ratings) that differentiated the two clinical groups 

from the TD group was the measure of processing speed on the WISC-IV (the ability to 

quickly and efficiently process symbolic information and form responses). Processing 

speed was also noted to differentiate these two clinical groups from controls in a study by 

Glass et al. (2013). The ARND group was significantly different than the TD group on a 

measure of anxiety/shyness indicating that these children may be exhibiting more 

symptoms of early mental health distress and problems with social relationships. The 

ARND group could be distinguished from the two other groups in this study on measures 

of perceptual reasoning (non-verbal reasoning abilities) and the number of omission 

errors (indicating issues with attention).  

 The Working Memory Index from the WISC-IV was the only measure examined 

in the profile using MANOVA that was able to distinguish between all three groups. The 
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TD group had scores in the Average range, the ADHD group fell into the Low Average 

range and the ARND group’s scores placed them in the Extremely Low range (indicating 

significant difficulty within this domain of cognitive functioning). 

 Other psychological variables were examined in the sections pertaining to the 

fMRI analysis that were not included in the MANOVA analysis. Upon analysis of all 

variables combined, the same pattern noted above emerged. The two clinical groups, 

ARND and ADHD, were not significantly different from each other (but were 

significantly different from the TD group) on a total of sixteen of the variables examined. 

Again, the majority of these sixteen variables were parent/caregiver ratings and only two 

of the sixteen were standardized measures (Processing Speed Index as mentioned before, 

and RTSE from the CPT). Parent and caregiver ratings are more subjective, but are often 

used in the diagnosis of ADHD in clinical practice. The ARND groups mean scores on 

the standardized psychological measures of visual perceptual reasoning (PRI), verbal 

comprehension (VCI), attention (Omissions), and digit span subsets from the WISC 

could distinguish this group from the TD and ADHD groups. The Working Memory 

Index from the WISC was able to distinguish all three groups, as was Letter Number 

Sequencing (a subtest included in the WMI). Also able to distinguish the groups was the 

FSIQ measure from the WISC. The TD group’s mean score was at the high end of the 

Average range, ADHD within the Average range, where as the ARND groups’ mean 

score was in the Borderline range indicating overall cognitive functioning that is well 

below average. (A full list of all WISC-V mean standard scores, standard deviations, 

maximum and minimum values can be found in Appendix F.) 
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 The findings from the neurobehavioral profile show that the standardized, and 

therefore more objective, measures from the psychological tests were better able to 

distinguish the clinical groups from each other than the (more often used and much more 

subjective) parental/caregiver reports of behaviour. This is an important finding as it 

suggests to the physicians, paediatricians, and clinicians who often diagnose ADHD that 

they must look beyond behaviour to make an accurate and complete diagnosis. This type 

of assessment for conditions like ADHD and behavioural concerns should include 

questions about prenatal alcohol exposure during the examination and clinical interview. 

It is apparent from the research on ADHD alone that this question has not been asked, as 

prenatal alcohol exposure is not mentioned in most research papers on ADHD as a rule 

out criteria. For example, a study examining Very Low Birth Weight children with 

ADHD (Van der Meer et al., 2009) failed to mention an assessment for prenatal alcohol 

exposure. A study by Goh et al. (2010) indicated that children born in a high-risk tertiary 

health care centre had a 12-fold higher risk of screening positive for prenatal alcohol 

exposure compared to infants from a primary health care setting when examining fatty 

acid ethyl esters (FAEEs) from newborn meconium. This suggests that all high-risk 

pregnancies and deliveries (including those children born with very low birth weight) 

should be screened for prenatal alcohol exposure. 

fMRI and Psychological Data 

 The second aim of the study was to compare the fMRI tasks with psychological 

tests and rating scales that measured the same psychological constructs to determine if 

the fMRI tasks were measuring the constructs (working memory, attention, and response 

inhibition) in a similar manner. 
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Working Memory 

 The fMRI working memory task accuracy values (0-back and 1-back spatial 

memory tasks) were strongly correlated to the psychological measures of cognitive 

functioning. This was especially the case for the Working Memory Index (WMI) of the 

WISC. This indicates that the fMRI working memory task was measuring working 

memory ability in a similar manner to the standardized psychological tests often used by 

psychologists to assess memory functions. There were stronger correlations found for the 

Letter-Number Sequencing and Digit Span forward subtests in the WMI. RT measures on 

the working memory tasks were not significantly correlated to the standard psychological 

measures, except for the Processing Speed Index (PSI) on the WISC. There were no 

group differences on the 0-back task accuracy and RT measures, but this was to be 

expected as the 0-back task was designed to be a simple control task. On the more 

difficult 1-back task the TD group was more accurate than the two clinical groups which 

fits with the general findings that working memory is an area of challenge for both 

individuals with ADHD and those with FASD. 

Conjunction 

 The Conjunction task overall accuracy along with accuracy measures from Array 

I (Conjunction condition) and Array II (disjunction measure where all stimuli was the 

same colour as the target) were all significantly correlated to both overall measures of 

cognitive functioning from the WISC (FSIQ, PSI, WMI) along with standardized 

measures of attention from the CPT (Omissions, Commissions and variability measures) 

and parental/caregiver ratings of attention (Conners, BRIEF).  The greater a subject’s 

score on the psychological variables that measured the cognitive domains (with higher 
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scores indicating greater cognitive functioning), the higher their accuracy on the 

Conjunction tasks. Those with higher scores on Omissions and Commissions and greater 

variability on the CPT (indicating more problems with attention and response inhibition) 

had lower accuracy scores on the Conjunction task. There was no relationship found 

between mean RT scores on the Conjunction task and the majority of the standardized 

psychological measures (except processing speed on the WISC). Additionally, there were 

no significant correlations between the psychological measures and Array III (the 

disjunction or pop-out condition). This may have been due to the ease of this task (and 

generally high accuracy scores for all groups) as it was readily apparent which of the 

stimuli was the target based on colour alone. When examining group comparisons on the 

Conjunction task, Array I (the conjunction condition) was able to distinguish the groups 

based on task performance. The TD group scored significantly higher than the ADHD 

group who in turn scored higher than the ARND group. In this visual attention memory 

task, the ARND group had the most difficulty with the most difficult condition.  

Spatial Cueing  

 The Spatial Cueing task accuracy values were moderately to strongly correlated 

with those cognitive measures most associated with attention, response inhibition, 

working memory and variability of responding (FSIQ, WMI, PSI, Om, Com, Variability, 

Perseverations) along with the parent/caregiver ratings associated with inattention. The 

Spatial Cueing task appeared to be measuring the construct of attention in a similar 

manner as standardized psychological tests. 

 Subjects with higher levels of cognitive functioning had higher accuracy on the 

Spatial Cueing tasks. Those with higher scores on Omissions, Commissions and other 
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variability and behavioural problems measures (indicating more problems with attention 

and response inhibition) had lower accuracy scores.  

 As found in the other fMRI analysis sections there was no significant relationship 

found between Spatial Cueing RT measures and the psychological variables.  

 It was found that, in the majority of the cases, the standardized measures were 

correlated to all of the Spatial Cueing accuracy measures (Overall, Cue and Miscue) 

whereas the parent/caregiver ratings were not correlated with Miscue accuracy. 

 When examining group differences on the Spatial Cueing task, for Overall 

accuracy and Cue accuracy, the TD group had significantly higher scores than the two 

clinical groups indicating again that the clinical groups are very similar in their 

behavioural profile. On the Miscue task, the TD group had significantly higher scores 

than only the ARND group, however the same pattern emerged as with the other two 

accuracy scores (TD>ADHD>ARND) but not to clinical significance. There were no 

group differences found for Overall RT, Cue RT, or Miscue RT. Other research has 

reported that children with ADHD have increased RTs to invalidly cued targets (Konrad, 

Neufang, Hanisch, Fink, & Herpertz-Dahlmann, 2005) but that was not replicated in the 

current research. 

Response Inhibition 

 The third aim of the study was to examine, in depth, several areas of executive 

functioning including sustained attention and response inhibition. Executive functioning 

deficits are common in both children with ARND and those with ADHD. The fMRI task 

design allowed comparison of a computer-paced and a self-paced Go/No-Go task. These 
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two tasks were compared between each other and also compared to a standardized CPT 

task. 

Sustained Attention and Vigilance on the Go/No-Go Tasks 

 Sustained attention and vigilance for the four Go/No-Go type tasks (CP1, CP2, SP 

and CPT) was examined using the slopes of both mean RT and mean Accuracy across the 

tasks. Using mean RT it was determined that there were no group differences in RT slope 

across for all four tasks despite the visual appearance of differences when mean RT was 

graphed against time. This may have been due to the fact that the slope values were very 

small and the variance (as measured by standard deviation) was relatively high for the 

two clinical groups. Two identical computer paced tasks (CP1 and CP2) were 

administered one after the other during testing sessions. The response time slope on the 

CP2 was negative, representing a decrease in RT as the task progressed, whereas the 

slope values for the other tasks were positive, representing an increase in RT as the task 

progressed. This may have been due to a practice effect on this second CP task, 

especially for the TD group who had a negative RT slope along with higher overall 

accuracy and both Go and No-Go accuracy. The TD group also had a lower percentage of 

perseverations on the CP2 task and higher initial accuracy based on the analysis of the 

accuracy intercept. All of these variables indicated that the TD improved their 

performance on the CP2 task. 

 As with RT, there were no differences between the groups on the slope of overall 

accuracy for all four tasks, and there was also no difference between the accuracy slopes 

of the different tasks for all subjects combined and for each individual group. Although 

all groups had a slight loss of vigilance (represented by negative slopes) it was minimal 
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and no one group demonstrated greater difficulties with sustained attention based on 

mean accuracy data. Accuracy slopes were very small for all tasks indicating that there 

was little change in accuracy as the tasks progressed. Other studies have reported an 

increase in response time and a decrease in performance for those with ADHD and FASD 

compared to comparison groups (Kooistra et al., 2009) but these results were found using 

a low target and high non-target continuous performance test paradigm with performance 

variables averaged into blocks. The small change in accuracy over entire the length of 

time on task (rather than blocked data) that was found in the current research along with a 

difference in paradigm could explain why the finding of no between group or between 

task differences was different than other research studies. A recent meta-analysis reported 

that children with non-dysmorphic FASD (a diagnosis of ARND would fall into that 

category) did not show any deficits in attentional vigilance compared to control groups 

and the researchers indicated that attentional vigilance and sustained attention are weakly 

related to those with who would fit into a diagnostic category of FASD without the 

sentinel facial features (Kingdon et al., 2016). 

 There were differences found between Go and No-Go accuracy slopes in the 

various response inhibition tasks which indicated a difference in sustained attention 

versus response inhibition throughout time on tasks. On the CP1, for all subjects 

combined, there was no difference found between Go and No-Go accuracy slopes, but on 

the CP2 task there was a much steeper slope for No-Go accuracy compared to Go 

accuracy indicated that subjects had more difficulty with response inhibition as the task 

progressed. As noted above, mean RT also decreased over time in the CP2 task which 

indicates that the subjects were responding faster but then were unable to inhibit 
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responding when needed. This points to a speed-accuracy trade off occurring on the CP2 

task with response inhibition accuracy being more effected.  

 When the two CP tasks, the “slow tasks”, were averaged (the average value of 

accuracy and RT for each subject between the two tasks) it was noted that there was a 

relationship found between accuracy and RT slopes. As subjects began to respond 

increasingly slower over the course of the task, mean overall accuracy decreased. This 

pattern was found for all groups but was more pronounced in the TD and ARND groups 

and less so in the ADHD group. This indicates that as subjects became slower to respond, 

possibly due to a lack of arousal in a computer paced task, they then became less accurate 

in responding. Previous research has indicated that ADHD subjects have demonstrated 

the most difficulty with slower externally paced tasks (Van der Meer et al., 2009; 

Kooistra et al., 2009) so it is surprising that they appeared to have less difficulty with this 

pattern of responding than the TD and ARND groups in the current research.  

 On the two “fast” tasks, the SP and CPT tasks, the two clinical groups performed 

in a similar manner. As mean RT increased over the course of the task, mean overall 

accuracy decreased slightly or in other words, as they responded more slowly (indicating 

a possible loss of attention with long RTs or an overall decrease in arousal) they became 

less accurate (Go and No-Go accuracy combined). The TD group’s performance 

indicated that they became more accurate as they slowed down. This possibly was a 

strategy learned by the TD group that responding very quickly on the self-paced task or 

the fast CPT task would result in more errors of commission, although this cannot be 

confirmed as the children were not asked to explain their strategies after the tasks were 

complete. 
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 Because the fMRI response inhibition tasks (control, CP1, CP2, and SP) were 

always administered in order it was possible that there might have been a small, but 

cumulative, loss of vigilance over the entire testing session. The evidence against this 

potential confounding variable included the fact that, although the tasks were presented in 

the same order, they were not all presented on the same day for each subject. There were 

no differences in RT slope values, except for the CP2, which was presented in the middle 

of the order of tasks and subjects actually became faster when responding and there were 

no differences in accuracy slopes. It should also be noted that there was no difference in 

the RT and accuracy intercept values for the fMRI tasks. 

Comparison of the SP and CP Tasks 

 The two fMRI response inhibition tasks, one computer paced (CP) with a jittered 

ITI and one self-paced (SP) were compared to determine if there were differences in 

group performances on these two tasks or if there were differences in performance 

between the two tasks.  

 There were no significant findings between the groups on the SP task for any of 

the variables of interest (overall accuracy, Go accuracy, No-Go accuracy, RT or CV). On 

the CP task, the TD group’s Go trial performance was more accurate and they 

demonstrated less response time variability than the two clinical groups, but the two 

clinical groups could not be distinguished from each other. This fits the research findings 

of Hausknecht et al. (2005) who reported that children with FASD and ADHD perform 

similarly on sustained attention response time tasks on measures of response time 

variability. This finding was also similar to that of several other studies  (Van der Meer et 

al., 2009; Hervey et al., 2006) who reported that children with ADHD are more variable 
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in their response times and had more errors of omission in conditions with longer ITIs 

compared to controls. Although the other studies only examined those with ADHD 

compared to controls it appears from the results of the current study that children with 

FASD respond in a similar manner. There were no between group differences found on 

measures of No-Go Accuracy (measuring response inhibition) and mean RT a finding 

which was also reported for ADHD and control groups in the study by Hervey and 

colleagues (2006).  

 Based on commonly used measures of accuracy (overall, Go, No-Go), mean RT, 

and response time variability it was not possible to distinguish the two clinical groups 

from each other using these tasks, although they could be distinguished from the control 

group on the CP task using the variables of Go accuracy and CV. Kuntsi et al. (2010) 

indicated that ISV may be the best measure to discriminate between those with ADHD 

and controls, but ISV on the CP was not only problematic for those with ADHD but also 

for those with FASD. This “hallmark” impairment as reported for those with ADHD may 

occur for all individuals who experience some difficulties with deficits in sustained 

attention, response inhibition, working memory and other general impairments in 

executive functioning. It is possible that the state regulation theory for ADHD, which 

indicates that those with the attention disorder have a difficult time regulating their 

arousal level based on task demand, may apply to all individuals with deficits in these 

domains of functioning and may not be found only in those with ADHD. 

 The SP task was not useful for identifying any differences between the groups’ 

performance on any of the overall variables measured. Previous research examining 

performance on Go/No-Go fMRI tasks in children with FASD and ADHD have also 
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reported few, if any, differences in overall task performances between the clinical groups 

and controls (Fryer et al., 2007; Burden et al., 2009; O'Brien et al., 2013). This may be 

due to the design of the fMRI Go/No-Go tasks which are prepared to be simple tasks 

during which subjects can perform well (O'Brien et al., 2013). Others have indicated that 

children with ADHD and FASD respond more slowly to externally paced tasks compared 

to controls (Van der Meer et al., 2005) but that was not the case in the current research. 

The variable of mean RT consistently did not show differences that would be helpful for 

distinguishing the two clinical groups from the control group or from each other. 

  Other research studies that examined event rate (Kooistra et al., 2009) found that 

the performance of children with ADHD-Combined type declined in the slow event rate 

conditions (becoming slower and more variable), where as the performance of those with 

FASD declined in a fast rate condition (becoming more variable). These differences may 

not have been seen in the current study due to the length of ITIs used in previous research 

in a “slow condition” (between 6 and 8 seconds) and the ITIs in the current study of 

between 2 and 7 seconds in the CP task.  

 Subjects were more variable in their response times on the SP task compared to 

the CP task and this was significant for the ADHD and TD groups specifically. This was 

an unexpected finding as it was thought that if subjects could control their own pace on 

task they might attend on a more consistent basis to the stimuli presented. Previous 

research has found that when stimuli are presented rapidly children with ADHD improve 

performance and perform more like controls (Van der Meer et al., 2005; Ryan et al., 

2010). Although the ADHD group performed like the controls in terms of response 

variability comparisons between the two tasks, the performance of both groups was in the 
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opposite direction than expected. It is possible that there is a difference between a fast 

presentation of stimuli and a self-paced paradigm in regards to stimuli presentation as a 

similar finding that variability was higher in a self-paced task compared to a “fast task” 

was reported in Raymakers et al, (2007) where they examined the performance of 

children with ADHD and High Functioning Autism compared to controls. Ryan et al. 

(2010)  did report that jittered tasks (tasks with computer generated variable ITIs) were 

shown to enhance preparation during a task and enhance efficient responding compared 

to a fixed interval task, especially in the case of response variability. This finding was 

replicated in our study as subjects had less response variability on the CP task. This may 

also be related to the state regulation theory as the self-paced paradigm may have been 

underarousing or “boring” as it required similar responses over and over for a long period 

of time. There were no changes in pacing throughout the task except for the changes 

introduced by the subjects. However, it was both the ADHD and TD groups who had 

more difficulties with CV on the self-paced task so the expected outcomes for those with 

ADHD in regards to state regulation theory was not demonstrated in the current research. 

It was noted that the ARND group demonstrated no significant difference in CV between 

the CP and SP tasks. On both of the tasks the ARND groups response variability, as 

measure by CV, was moderate, falling between the other two groups, with ADHD having 

the highest level of response variability, even if not significantly different than the other 

two groups. It might be the case that those with ARND respond with a moderate to high 

level of response variability regardless of task pacing or event rate. 

 There was no significant difference between the two tasks on Go accuracy, but 

there was an overall difference found between the two tasks on No-Go accuracy (a 
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reverse measure of commission errors) with higher No-Go accuracy on the CP task 

indicating that subjects in general had better response inhibition on the CP task. There 

was no significant difference between the two tasks on No-Go accuracy to distinguish the 

individual clinical groups (as noted above), but the TD group had higher No-Go accuracy 

on the CP task. 

 When comparing Go versus No-Go accuracy on the tasks, subjects had higher Go 

accuracy (a measure of attention) compared to No-Go accuracy (a measure of response 

inhibition). This finding was true for all subjects combined and for each individual group. 

All subjects demonstrated more difficulties with response inhibition on these two tasks 

and this is consistent with previous research findings (Burden et al., 2009; Burden et al., 

2011). Barkley (1997) and other researchers have stated that difficulties with response 

inhibition is a hallmark of ADHD (and also found in FASD) and this could be 

demonstrated with more difficulties with commission errors than omission errors (Van 

der Meer et al., 2009). But in the current study all groups demonstrated more difficulties 

with response inhibition on all tasks and no one group appeared to have greater 

difficulties with inhibition on the Go/No-Go tasks presented in this study. This lack of 

differences between the groups was also reported in the study by Burden et al. (2009). 

This finding is not in agreement with parent/caregiver ratings of the ability to Inhibit as 

measured on the BRIEF where the two clinical groups were rated as having significantly 

more difficulty with behavioural examples of response inhibition. Future research might 

examine differences between those with ADHD, ARND and controls on other tasks that 

measure response inhibition such as the Stroop Colour-Word Test to determine if there 

are other differences found when response inhibition is measured in a different context. It 
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also may be the case that “response inhibition” difficulties may not always be seen in 

clinical tests, but more in day to day life and adaptive skills such as thinking before 

acting or speaking, waiting a turn, waiting for an outcome (e.g. cooking all food on high 

heat so it is done faster, even if that will burn most food items and then engaging in this 

behaviour repeatedly even though the result is always the same). 

 There was a very strong positive correlation between Go and No-Go accuracy on 

both tasks for all groups combined, meaning that those that were more accurate with Go 

responses were also more accurate with No-Go responses. When looking at the individual 

groups the relationship between Go and No-Go accuracy was very strong for the ARND 

and ADHD groups on the CP task but not the SP task, whereas the TD group 

demonstrated this relationship on the SP task but not the CP task. The clinical groups had 

a stronger relationship between the two types of accuracy on an externally paced task.  

 There was no relationship found between mean RT and Overall accuracy for 

either the SP or CP tasks for all subjects combined. The TD group did show a 

relationship between these two variables on the CP in that those with mean RT in a 

moderate range (neither too fast or slow) tended to have much higher accuracy (although 

the TD group was generally highly accurate on all tasks). The two clinical groups tended 

to have higher SD’s for all variables compared to the TD group which indicates that the 

clinical group subjects responded with many individual differences within the groups. 

These differences may have reduced the ability to detect changes between the groups and 

to infer consistent relationships between the variables. There was no relationship found 

between mean RT and Go accuracy.  
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 The relationship between mean RT and No-Go accuracy was different between 

the two tasks. On the SP task only the ARND group demonstrated a significant 

relationship between response times and their response inhibition ability. Those with 

longer mean RT tended to have higher No-Go accuracy. This could mean one of two 

things. If subjects in the ARND group purposely slowed responding to be able to attend 

to the stimuli and then choose a response, they could have higher No-Go accuracy. 

Another possible explanation was that this group had several periods of very long mean 

RTs (as seen in the sustained attention section graphs) which were moments of loss of 

attention and therefore they may have not been attending or responding at all during these 

losses of attention. If the subjects were not responding at all they would therefore have 

correct responses (no response) to No-Go stimuli. On the CP task all subjects combined 

and each individual group demonstrated the same relationship as seen in the SP task. 

Those with longer mean RT tended to have higher No-Go accuracy. Again, this could 

have been due to the same two reasons above, although the TD group did not have 

significant periods of long RTs (or losses of attention) as seen in the two clinical groups.  

 The question of how long RT trials affected the relationship between RT and No-

Go Accuracy was specifically examined in the analysis of the Long RT trials. It was 

found that when the long RT trials (moments of loss of attention) were removed, the 

relationship between RT and No-Go accuracy was now significant for both tasks and for 

each individual group except for the ADHD group on the SP task. This means that 

subjects had better performance in terms of response inhibition when they had longer 

mean RT (slower responding). It does not appear that the long RTs were influencing No-

Go accuracy, or that it was simply the moments of loss of attention that were contributing 
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to the relationship between No-Go accuracy and RT because with those trials removed 

the relationship became stronger.  

 As expected, there was a strong overall relationship found between mean RT and 

CV (response variability) on the SP task. Those with shorter mean RT (faster responding) 

had lower variability whereas those with longer mean RT (slow responding) had higher 

levels of variability. This relationship was significant for the TD and ADHD groups, but 

not the ARND group. Although there was no significant difference between the groups 

on CV, it was noted that the ARND group had moderate levels of variability, falling 

between the two other groups. Surprisingly, on the CP task there was no significant 

relationship found between the two variables of CV and RT. This may have been due to 

the overall lower levels of response variability found on the CP tasks compared to the SP 

task. 

 The relationship between Accuracy (overall, Go and No-Go) and CV was 

examined and it was found that the CP task findings fit with previous research findings 

that higher accuracy is correlated with reduced response variability. This consistency 

with previous results from research studies was true overall and for all of the groups. This 

relationship was not found for the SP task for overall and Go accuracy measures. 

However, the ADHD group demonstrated a strong relationship between CV and No-Go 

accuracy which was different from the other groups. Reduced variability was found to be 

predictive of higher No-Go accuracy, or better response inhibition. This means that if an 

ADHD subject was able to better regulate their response times on the self-paced task then 

he/she would be better able to inhibit responses when needed. Conversely, if a subject 
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with ADHD had very high response variability she/he would have great difficulty 

inhibiting inappropriate responses.  

Comparison with Control Task 

 A separate task (simply responding to all stimuli that appear on the screen) was 

administered to all subjects as a control for the fMRI response inhibition tasks. On this 

task the ARND group was both less accurate and more variable than the TD group. The 

ADHD group’s accuracy and variability variables fell between the two other groups but 

not significantly different than either. As found with both response inhibition tasks, there 

were no group differences found for mean RT on the control task.  

 When comparing the control task to the SP task it was found that there were no 

significant differences between Go accuracy on the SP and accuracy on the control task. 

There were also no significant differences in response variability. It was found that 

subjects combined had shorter mean RT on the control task compared to the SP task. This 

was an expected finding for, on the control task, subjects simply responded to each trial 

and did not have to make a discrimination or choice of how to respond. When examining 

the individual groups, the ADHD group was the only individual group than demonstrated 

this significant finding of shorter mean RT (faster responding) on the control task 

compared to the SP task. 

 When the control task was compared with the CP task, again there were no 

differences for Go accuracy and accuracy on the control task. Subjects demonstrated 

significantly shorter mean RT (faster responding) on the control task and this significant 

finding was also found in the individual ADHD and TD groups. An unexpected finding 

was that subjects were more variable on the control task compared to the CP task, with 
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both individual ARND and TD groups demonstrating this significant difference. It was 

noted that for RT the ARND group, and for CV the ADHD group exhibited the same 

trends (shorter mean RT and increased CV on the control task) as the other groups but not 

at a level of statistical significance.  

 There was a significant relationship found between accuracy and RT on the 

control task with both of the response inhibition tasks (CP and SP). There was no 

significant relationship found between CV for the control and SP task, but there was for 

the CP task. This may have been due to the high levels of response variability found for 

both the SP and control tasks. Like in the two response inhibition tasks, there was no 

relationship found between mean RT and accuracy. There was however a significant 

relationship found between Accuracy and CV for all subjects combined and for the 

ADHD and TD groups. Subjects who had higher accuracy also demonstrated lower 

variability. This finding was more fitting with previous research reports that accuracy and 

CV are usually highly correlated.  

Comparison with the CPT Task 

 The CPT is a standardized psychological measure of sustained attention, vigilance 

and response inhibition. The CPT was examined and compared to the fMRI Go/No-Go 

behavioural tasks to determine if there were similarities between the different tasks. 

Perseverations, which are very fast responses of 100ms or less, were able to be compared 

directly between the CPT task and the CP. There were no significant differences found 

between the tasks on the percent of Go trials that were perseverations. Both tasks had low 

percentages of perseverations. 
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 A similar analysis was undertaken for the CPT task as was completed for the 

other two response inhibition tasks. These results were compared to the CP and SP main 

comparison analysis results to determine if the tasks were producing similar outcomes for 

the three groups. As noted in the main analysis section, there were no significant 

differences found between the groups on the SP task so therefore the focus was on the 

differences between the CP and CPT. On the CPT the ARND group was less accurate 

overall than both the TD and the ADHD groups. This was different from the CP task 

which produced no significant differences in overall accuracy after controlling for 

multiple comparisons. For the variables of Go accuracy and CV, on the CPT task the TD 

group was more accurate and less variable than the ARND group with the ADHD groups 

values falling in the middle but not significantly different than either. In contrast, on the 

CP task the TD group was more accurate and less variable than both clinical groups. 

There were no differences between the tasks on the outcomes for No-Go accuracy and 

RT. The overall findings comparing the CPT to the other computer paced task indicate 

that neither was able to effectively distinguish the clinical groups from each other using 

popular behavioural measures. Neither a jittered nor a blocked paradigm was helpful in 

the search for a mechanism that could help separate those with ADHD from those with 

ARND. 

 The CPT task was also directly compared to the CP and SP tasks determine if 

there were differences between the tasks on several variables of interest. For the CP-CPT 

task comparison there was no difference in overall accuracy values between the two 

tasks. In general, this overall accuracy variable offered little information in distinguishing 

the groups and this may have been because the differences between Go and No-Go 
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accuracy (which demonstrated more group differences) were cancelled out in the overall 

accuracy percentage. Subjects had higher Go accuracy on the CPT task, but higher No-

Go accuracy on the CP task. Subjects also had longer mean RT on the CP task, but higher 

levels of variability on the CPT task. It appeared that subjects responded quickly, but 

more impulsively on the CPT task and therefore demonstrate more difficulties with 

response inhibition. The higher level of variability on the CPT task was likely due to the 

blocking of ITIs which influenced how the subjects responded in terms of RT. 

 When comparing the CPT to the SP task it was found that the subjects had higher 

overall and Go accuracy on the CPT task and higher No-Go accuracy on the SP task. 

Again it appeared that subjects had more difficulties with response inhibition on the CPT 

task compared to the SP task. Similar to the CP task comparison, mean RT was shorter on 

the CPT task. Unlike the CP comparison, there was no significant difference found for 

response variability between the SP and CPT task. Variability on the SP task was 

significantly higher than the CP task, as seen in the main comparison analysis section, 

and therefore variability was more similar in level between the SP and CPT tasks. 

 Two other variables were examined in the CPT task relating to signal detection 

theory, detectability (or d’) which indicated a subject’s ability to discriminate targets 

from non-targets and response style (or β) which indicates how a subject approaches a 

task either cautiously to avoid making commission errors, or liberally to avoid making 

omission errors. Similar variables were calculated for the CP and SP tasks to determine 

how subjects responded and if there were any differences between the tasks. 

 On the CPT task the TD group had higher d’ values than the ARND group. This 

indicated that the TD group had better discrimination abilities to detect a target. On the 
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CP task the TD group had higher d’ values than the ADHD group. The finding for the CP 

task is in line with a recent meta-analysis (Huang-Pollock et al., 2012) which indicated 

that children with ADHD had a harder time distinguishing targets from non-targets. 

There were no significant group differences in d’ on the SP task. When examining d’ 

values across the three tasks there were no differences when all subjects were combined. 

There were no individual group differences for the TD and ADHD groups as well. Only 

the ARND group demonstrated a significant difference in d’ values between the tasks, 

with their lowest discrimination abilities being found for the CPT task. 

 In terms of β, on the CPT task the TD group had a more liberal response style 

than the ARND group and was therefore more willing to make commission errors in an 

attempt to respond to all Go targets. The ARND group was more cautious in their 

approach, being more willing to miss a Go trial target to avoid making commission 

errors. There were no group differences found for β in the CP or SP tasks and the ADHD 

group was not significantly different from either group on any of the tasks. No difference 

in β between children with ADHD and controls was also reported in a meta-analytic 

review (Huang-Pollock et al., 2012). When comparing response style across the three 

tasks it was found that the TD and ADHD groups had no significant differences in their β 

values.  The ARND group again stood out in that they had a significantly more cautious 

response style on the CPT task compared to the CP and SP tasks. This finding that 

alcohol affected children have a more cautious response style was also noted by O’Brien 

et al. (2013). 
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Special Trial Types During the fMRI No-Go Tasks 

 On both the SP and CP task possible stimuli included frequent Go stimulus X, 

infrequent Go stimulus T, and infrequent No-Go stimulus A. On the CP task there was no 

difference in Accuracy, RT or CV between the X and T stimuli although it was predicted 

that subjects may have had longer mean RT and higher variability on the rare T trials as 

was seen in previous research (Chikazoe et al., 2009). On the SP task however, subjects 

had longer mean RT on the T trials compared to the X trials which is in line with 

previous research findings. On the SP task subjects could maintain a steady rate of 

responding to the frequent X trials, but likely slowed pace on the T trials (and likely the 

A trials although there is no way to measure this possible response) in order to evaluate 

and then respond. This trend likely was not present on the CP task due to the fact that the 

ITIs gave the subjects a chance to better evaluate stimuli, especially after moderate length 

ITIs.  

 On the SP task when subjects had a correct response on a No-Go trial (correct 

response would be no response) they would have to wait approximately 5 seconds for the 

next stimulus to appear. There was an overall difference between the two different types 

of Go trials, the ones after a correct No-Go and all other Go trials. Subjects were less 

accurate on the special Go trials compared to other Go trials. The ADHD group was the 

only individual group with a statistically significant difference in accuracy between the 

two types of trials. The ARND group demonstrated no differences on the two types of go 

trials, whereas the TD group had shorter RT on the other Go trials compared to the 

special Go trials after a long No-Go trial. 
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 Although there was a statistically significant difference between the accuracy of 

the special Go trials after a long No-Go and all other Go trials this difference was small 

(4 percentage points) and not likely of clinical significance. In general, subjects 

performed in a similar manner on the two types of tasks and no overall differences were 

found for RT or CV on these special trials. It does not appear that these trials were 

significant outliers in the SP Go/No-Go task. 

Prepotent Response 

 The number of Go trials preceding a No-Go trial was examined to determine it a 

prepotent response would interfere with response inhibition. On the SP task, the number 

of Go trials preceding a No-Go trial was a good predictor of No-Go Accuracy. On the 

self-paced task, as the number of Go trials preceding a No-Go increased so did the 

accuracy for the No-Go trial. This pattern was evident for all subjects combined and for 

each of the individual groups. There appeared to be a peak in accuracy for the TD group 

(and the ADHD group at a lesser level) at 5 Go trials preceding a No-Go. 

 On the CP task a different pattern emerged. The relationship between the number 

of Go trials preceding a No-Go trial and No-Go accuracy was not apparent as in the SP 

task. Also on the CP task it was found that as the number of Go trials preceding a No-Go 

increased, No-Go accuracy decreased. It was noted that the TD group again had highest 

accuracy on No-Go trials if they were preceded by 5 Go trials. 

 The strong relationship between the number of Go trials preceding and No-Go 

accuracy on the SP task may have been due to the self-paced nature of this task. If 

subjects were responding at an even pace they might notice more readily that a No-Go 

trial had not occurred recently and started preparing for a No-Go trial, or prepping for 
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inhibiting a response. On the CP task, depending on the ITIs between the trials, subjects 

may not have been as aware of how many Go trials had recently passed and therefore 

may not have prepped for a No-Go response. An increase in Go trials on the CP task is 

associated with a much greater increase in time passing than an increase in Go trials on 

the SP task if the subjects were performing at a steady rate. 

 Findings also indicated that subjects had very low accuracy on No-Go trials that 

were preceded by only one Go trial. These No-Gos may have come as a surprise for 

subjects who were not anticipating another No-Go trial so soon. 

Inter-trial Interval (ITI) 

 Two different approaches were utilized when examining the impact of ITI on 

accuracy and RT measures for the Go/No-Go tasks. These included examining the impact 

of the ITI length of the preceding trial and examining the impact of the ITI of the current 

trial. The CPT task was also included in this analysis to compare a standardized 

psychological measure to the two fMRI behavioural tasks.  

 First, the impact of the length of the ITI on the trial before (preceding trial) was 

examined. This determined if a long or short trial on the trial before impacted accuracy or 

RT values. On the CPT there were three possible ITI values of 1, 2 and 4 seconds and 

trials were presented in blocks of 20 trials of the same ITI. On this task the TD and 

ADHD group had increasing accuracy values as the level of ITI on the trial before 

increased, with a peak at the 2 second ITI level. For these two groups, it appeared that a 

moderate ITI level on the trial before (and in this case, a moderate blocked ITI level) had 

the most impact on accuracy. The ARND group, on the other hand, demonstrated a 

decrease in accuracy as the level of ITI on the trial before increased. This may have been 
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due to a loss of attentional focus when the ITI on the trial before was long. When RT was 

examined, mean RT for all groups increased as the level of ITI increased on the trial 

before. This could have been the result of subjects realizing that they could respond more 

slowly on the trials with a long ITI and due to the blocked nature of the CPT task subjects 

could distinguish the pattern of several trials of the same ITI occurring in succession. As 

the ITIs became longer so did mean RT for those blocks. This could represent losses of 

attentional focus at the longest ITI level. There were no group differences in RT slope 

values over increased ITI levels and, despite the fact that the ADHD and TD groups had 

positive accuracy slopes and the ARND group had a negative accuracy slope over ITI 

levels, there were no significant group differences in accuracy slope values across the ITI 

levels of the trial before. 

 The CP task yielded opposite results from the CPT task. On this task, the TD and 

ADHD groups decreased accuracy as the level of ITI on the trial before increased. The 

ARND group increased accuracy as the level of the ITI increased on the trial before. 

Unlike the CPT task, the trials on the CP task were not blocked and ITIs were jittered. So 

for the TD and ADHD groups, long ITIs on a trial resulted in reduced accuracy on the 

next trial, possible to due to attentional factors, but this was not the case for the ARND 

group. For the ARND group, longer ITIs on the trial before resulted in increased accuracy 

on the next trial. The two clinical groups had the longest mean RT values when the ITI of 

the trial before was shortest and mean RT decreased (they responded faster) as the length 

of ITI on the trial before increased. The ARND group was fast and accurate on trials 

where there was a long ITI on the trial before. It is possible that that long ITI trial primed 

subjects in the ARND group to prepare to respond, whereas the ADHD group also 
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responded faster on the Go trials to which they responded, but they actually responded to 

less Go trials after a long ITI on the trial before. The TD group demonstrated little change 

in mean RT at different levels of ITI on the trial before. As with the CPT task, there were 

no significant differences between the groups on the accuracy and RT slope values across 

increasing levels of ITI on the trial before. 

 The SP task had no set ITI values, but the outcome resulted in two types of ITI 

that were a product of response style and the paradigm of this self-paced task. Subjects 

generally responded very quickly to the Go trial stimuli resulting in a very short mean ITI 

value for Go trials. A correct No-Go trial (no response) would result in a long ITI of 

approximately 5 seconds. The ARND and ADHD groups had lower Go accuracy on trials 

with a correct No-Go response (no response and therefore a long ITI) on the trial before 

compared to a short Go trial. Again this reduction in accuracy was likely the result of a 

loss of focus on trials where there was a significant lag in time on the trial before. The 

TD group did not demonstrate the same pattern and had relatively little change in 

accuracy over the long and short ITI values of the trial before. When comparing the 

individual groups, the ADHD group’s accuracy slope between the mean ITI values (short 

and long) was significantly different than the TD group. The ADHD group had a negative 

accuracy slope whereas the TD group had a very slight positive slope. This result fits 

with the theory of arousal and energetic systems being deficient in ADHD compared to 

control groups. When the arousal of a task decreased (long lag in time between stimuli) 

then the ADHD group lost attentional focus and therefore could not respond correctly to 

the next trial. This was most apparent in the SP task due to the long ITI after a correct 

No-Go trial. On the other tasks, the ITI after a No-Go trial was a product of the paradigm 
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and varied depending on the program. Whereas, in the SP task the ITI after a correct No-

Go trial was always the same. As with the other two tasks, there were no significant 

group differences for the RT slope values across the two mean ITI levels. 

 When comparing the accuracy slopes for ITI levels on the trial before it was noted 

that the SP task had significantly smaller and negative accuracy slopes compared to the 

two computer paced tasks. This pattern was significant only for the ADHD group. The 

difference between mean accuracy on the SP task at the level of short and long ITI values 

on the trial before was significantly different only for the ADHD group. The ADHD 

group was much more accurate on the SP task on trials with a short ITI on the trial 

before. This could be related to the moderate to high arousal and energy level that the 

ADHD subjects were able to maintain when responding quickly to Go trials on this SP 

task. When their pace was slowed by a long ITI, the ADHD subjects potentially lost 

focus which reduced accuracy on the next trial. When RT slope values were compared, 

the CPT had the largest RT slope values and was significantly different than SP task 

which was in turn significantly different than the CP task. Only the ADHD demonstrated 

this pattern at a significant level, whereas the TD and ARND groups only had significant 

differences between the CPT and CP tasks. 

 The graphed data comparing the three tasks in terms of accuracy slopes seems to 

indicate that the SP task had much lower Go accuracy (% of correct Go trials included in 

the analysis) than the CP and CPT tasks. It should be noted, as mentioned in the methods 

of the analysis, that all Go trials preceded by a No-Go trial or by an incorrect Go trial 

were removed as these were viewed as potentially confounding trials in the ITI analysis.  

Because these possible “trouble trials” were removed from accuracy counts this may have 
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artificially inflated the accuracy percentage compared to the SP task. This same data 

treatment was not possible for the SP task because if it was utilized in the analysis there 

would be no long ITIs on the trial before and we would be unable to compare the short 

and long ITIs. But it was also noted that the shorter ITI accuracy values on the SP task 

were also lower than the CPT and CP task accuracy values at similar ITI levels on the 

trial before and there were no “trouble trials” removed from these accuracy counts. The 

SP task’s Go accuracy was generally lower than the other two tasks as reflected in the 

main analysis of the Go/No-Go data. 

 The ITI of the current trial had less impact on accuracy values and slopes across 

the levels of increasing ITI and less impact on RT than the ITI of the trial before. There 

were no significant differences found between the groups on either the CPT or CP task 

for accuracy and RT slopes.  

 On the CPT task the ITI of the current trial had little impact on mean accuracy at 

the different ITI levels with only slightly higher accuracy found with a longer ITI on the 

current trial. For RT on the CPT task, all groups had higher mean RT on trials with a long 

ITI, but this was a similar pattern found when examining ITI of the trial before and was 

likely impacted more by the blocking of the CPT task ITIs, rather than the impact of 

individual trials.  

 For the CP task, the ITI of the current trial did not appear to affect mean accuracy 

or RT values as the level of the ITI of the current trial increased. There were also no 

differences found between the accuracy slopes for the CP and CPT tasks for Part B of the 

ITI analysis, however there was a significant difference found for RT slopes between the 

two tasks. The CPT task had large and positive slopes whereas the CP task had much 
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smaller but still positive RT slope values. Again, this was likely the blocking paradigm of 

the CPT task that resulted in such large differences in mean RT at the different ITI levels 

as subjects would adjust to each ITI block and respond accordingly but developing a 

pattern in their response rhythm. More time in the 4 second ITI block of the CPT task 

appeared to give the subjects time to pause, prepare, evaluate and respond which was not 

available in the 1 second ITI. 

Error Detection 

 Analysis was undertaken to determine how subjects responded just prior to and 

just after a commission error on the three Go/No-Go type tasks. On the CP task there was 

no significant difference between pre-error RT and overall mean RT. It was expected that 

subjects might be responding more quickly on trials preceding an error, and this was a 

trend on the CP task for all groups, but at a non-significant level.  There was however a 

strong correlation between the percent of Go trials that were perseverations and pre-

commission error RT. Those that had a high number of perseverations on the CP task 

were likely to have shorter pre-error RT. This indicates that fast impulsive responders, 

and therefore those that were not likely paying attention to the stimuli, were more likely 

to engage in making a commission error. 

 On the SP and CPT tasks subjects did have shorter response times just before 

making a commission error. On the SP task this trend was apparent for all groups based 

on graphed data, but was only statistically significant for the ADHD group and on the 

CPT task the difference was only significant for the TD group. On the SP task, when the 

ADHD subjects were responding quickly, and possibly impulsively, they were more 

likely to make an error of commission. The TD group already had very short mean RT on 
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the CPT. There were no significant difference found between the groups for pre-error RT 

for any of the tasks but this may have been due to the high degree of response variability 

within the groups. Unlike the CP task, there was no significant correlation between 

perseverations and pre-error RT on the CPT task. This may have been due to the overall 

low number of perseverations in the CPT task and also to the fact RT was shorter in this 

task in general. 

 Post-Commission RT was also examined to determine if mean post-commission 

RT was longer than overall mean RT as found in other studies. This finding is related to 

the concept of error processing (“I think I just made a mistake”), error awareness (“yes a 

mistake was made”), and finally a corrective adjustment (“I will slow down to make sure 

I get the next trial correct”). In the current study the difference between overall mean RT 

and post-commission RT was not significant for either the CP or SP tasks and this was 

the case for all subjects combined and for each individual group. Although previous 

research findings indicate that subjects generally slow down after making a commission 

error, on the CP task the trend (although not significant) was actually to speed up in 

response to an error and this was true for all subjects combined and for each group. On 

the SP task there was a trend for the clinical groups to have the expected longer post-

commission RT but again this was not significant. The TD group, on the other hand, sped 

up in response to an error and their post-commission RT was significantly different than 

the two clinical groups. During the CP task, subjects had some time (depending on the 

ITI of the trial) to possibly process an error and then respond to the next trial quickly in 

an effort to “correct a mistake”. On the SP task, subjects responded much more quickly in 

general and could go at a steady pace due to the self-paced aspect of this task. If they 
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were responding quickly and made an error they might have taken more time for a 

corrective adjustment on the next trial. In this study it was not possible to know if 

subjects were aware of when they made an error. 

 Commission RT was shorter than mean RT for all three of the tasks and this fits 

with previous research findings that commission error RT is shorter (Burden et al., 2011) 

indicating impulsivity and possibly not attending to the stimuli resulting in decreased 

response inhibition. There were no group differences found for mean commission error 

RT for all three tasks. This corresponds to the finding that there were no differences 

between the groups in No-Go accuracy. All subjects in the study appeared to have 

difficulty with response inhibition and the two clinical groups did not differentiate from 

the TD group in this part of the analysis. On the CP task there was a strong relationship 

between perseverations and commission error RT in that those who had a high number of 

perseverations also had significantly shorter mean commission RT. These both indicate 

that those subjects who were more impulsive in their responding made more errors. The 

same correlation was not found for the CPT task but this may have been influenced by 

the small number of perseverations in this task overall and the shorter overall mean RT. 

CPT mean commission RT was significantly shorter than the other two tasks. 

Long RT Analysis 

 Visual inspection of mean RT graphed over time in the sustained attention section 

indicated that both the ARND and ADHD groups had “spikes” of very long RTs over the 

course of all four tasks. Several studies (Buzy et al., 2009; Hervey et al., 2006) indicated 

that these moments of long RTs are often found in those with ADHD and may influence 

overall mean RT to appear slow and variable. When these time points were examined in 
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the RT data it was noted that one or two of the subjects had moments of very long RTs at 

the time of the spikes. It was also noted that there were no consistent subjects causing the 

spikes, but that in each group there were these moments of long RTs which likely 

indicated a loss of attention (Leth-Steensen et al., 2000). In the CPT task, these potential 

losses of attention were most notable in the 4 second ITI, and this indicated that subjects 

were most likely to lose attentional focus in the long, low arousal moments of this task.  

 The long RT trials were examined to determine impact on RT and variability as 

measured by CV. Long RTs were defined as responses over 1200ms. On the CP task the 

ARND group had a significantly larger mean number of long RT trials than the TD group 

but on the SP task it was the ADHD group with a larger mean number of long RT trials 

compared to the TD group. The ARND group had more moments of losses of attention 

on the externally computer-paced task whereas the ADHD group had more difficulties 

with loss of attention on the self-paced task. With all subjects combined into one group it 

was found that there was a higher mean number of long RT trials on the SP task 

compared to the CP task. Only the ADHD group had a significantly higher mean number 

of long RT trials on the SP task. On the self-paced task, the ADHD group tended to lose 

focus on the task more often than the other two groups. They also had longer overall 

mean RT on this task as reported in the main analysis section. This could have 

significantly clinical importance as one strategy often suggested to those working with 

children with ADHD is to allow them to work at their own pace, without time limitations 

and restrictions. If children with ADHD have difficulties with regulating their energetic 

state while working at their own pace they may lose attentional focus and not attend to 

the task they are to be completing. What may be a more helpful strategy is to have those 
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with ADHD have more time to complete tasks to account for some moments of lost 

attention, but still to retain structure and reasonable limits. It may also help to externally 

stimulate the energetic state of those with ADHD by using cues, timers, alarms etc., to 

ensure success and reduce those moments of lost attention. 

 RT and CV with the long RT trials removed were examined to determine if the 

same patterns were found as compared to the main analysis. There were no differences 

found between the groups on mean RT with the long RT trials removed which is the same 

as the result found for overall mean RT. Removing the long RT trials from the analysis 

did not provide any further mechanism to distinguish the groups using the RT measure. 

When CV was examined it was found that with the long RT trials removed the TD group 

was now significantly less variable than the two clinical groups on both the CP (same as 

main analysis) and the SP task (different from main analysis where there were no 

significant differences between the groups). 

 RT and CV values with and without the long RT trials removed were compared. 

For both the SP and CP tasks there were significant differences found for RT and CV 

when examining all subjects combined. For both tasks mean RT and CV were both 

significantly lower when the long RT trials were removed and this demonstrates the 

impact of the long RT trials. This pattern was found to also be significant for the two 

clinical groups. The TD group had significantly lower CV when the long RT trials were 

removed on both tasks, but RT was not significantly different after controlling for 

multiple comparisons. The TD group had a very small number of long RT trials 

compared to the other two groups and generally had shorter mean RTs on both tasks 
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therefore the removal of a smaller number of long RT trials had less impact on the 

change. 

 The pattern of comparisons between the SP and CP tasks was re-examined with 

the long RT trials removed in terms of the impact on RT and CV. For mean RT there 

were no changes in the pattern of responses overall, and for the ARND and TD groups. 

The CP task had longer mean RT values compared to the SP task even with the long RT 

trials removed. The ADHD group though now had longer mean RT on the CP task 

whereas with the long RT trials included they had longer mean RT on the SP task. The 

ADHD group had significantly higher mean number of long RT trials on the SP task and 

therefore these had a greater impact on mean RT. ADHD subjects had many moments of 

losses of attention in the SP task as seen in the sustained attention section graphs. There 

were more differences found for the pattern of findings related to CV. The ARND group 

continued to demonstrate no significant differences between the CP and SP tasks for CV 

even with the long RT trials removed. But now this pattern was found for all subjects 

combined and for the ADHD and TD groups as well. Removing the long RT trials meant 

that now the level of variability in the two tasks was no longer significantly different.  

 A growing aspect of the research literature speaks to response time variability as 

being a significant factor, and in fact “one of the best measures” in distinguishing ADHD 

individuals from controls (Kuntsi et al., 2010). But many of these research studies do not 

indicate how they may have restricted data in terms of having minimum (perseverations) 

and maximum (long responses) time limits in terms of response time. This may be an 

explanation for some of the inconsistent and contradictory findings in the literature on 

this subject. 
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fMRI Covariate Analysis 

 The fourth and final aim of the study was to examine fMRI activation patterns 

between the ARND and ADHD groups to determine if there were differences in the 

amount and pattern of brain activation during the fMRI tasks. Psychological variables 

were also used as covariates in the fMRI analysis to determine if they would be a helpful 

adjunct to further differentiate the two clinical groups. 

Working Memory Task 

 In the 1-back minus 0-back subtractive contrast it was found that the ARND 

group had significantly more cortical activation than the ADHD group. This activation 

was seen in areas that are typically associated with visual working memory including the 

DLPFC and the VLPFC along with parietal, occipital, and temporal activations. This 

wide spread pattern of cortical activation in the ARND group could suggest that they 

have greater difficulty in performing the more difficult 1-back task or it could be related 

to a compensatory strategy in the brain to cope with the inefficient processing of working 

memory related information in the brain. The weak activations seen in the ADHD group 

in this task could be related to differences in the ability to regulate brain activity in 

response to the demands of the task. These differences in working memory cortical 

activation patterns between the two groups indicate that those with ADHD and FASD 

have functional brain differences in their ability to process and respond to working 

memory tasks (Malisza et al., 2012).  

 The addition of the covariate DBS into this analysis increased cortical activation 

both when ADHD>ARND (only in one small temporal cortical region) and when 

ADHD<ARND (wide spread changes across several cortical regions). The addition of the 
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covariate appeared to reduce the intensity of the cortical activations as seen in the 

activation maps and also increase the spread of activation across more regions. The result 

of the covariate addition was opposite of what was expected, namely, that the addition of 

the covariate into the analysis would reduce some of the “noise” related to individual 

subjects’ variation in performance on the psychological measures associated with the 

cognitive task at hand. Based on these findings it did not appear that DSB was an 

effective covariate for this analysis. It is possible that another working memory covariate 

could be identified that would be more useful. 

Response Inhibition Task 

 Two contrasts were examined in the response inhibition task, the a contrast and 

the xt-c contrast. The a contrast examined trials in the response inhibition task that 

required a correct inhibition of response. Both the ARND and ADHD groups had 

activations across the frontal, parietal, occipital and temporal cortical regions during 

these trials including regions shown to be involved in response inhibition including the 

right inferior frontal cortex, the pre-SMA, and the cingulate cortex. Activation was higher 

for the ARND group based on the comparison of the activation maps and examination of 

the BA tables. 

 The ADHD group had greater activation than the ARND group only in the right 

sided cortical regions and only in small areas of significant activations. The activation 

pattern was only slightly changed with the addition of the covariate Com, which reduced 

activation in the temporal and parietal cortical regions. It was noted that when the 

covariate was included in the analysis there was increased activation in the opposite side 

subcortical structures including the caudate and cingulate gyrus but this was likely due to 
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the activation occurring at the mid-line of the brain. This pattern was seen in several other 

fMRI sections (noted above). 

 The ARND group had much higher levels of activation than the ADHD group 

across all cortical regions. This pattern was only slightly less with the addition of the 

covariates into the analysis, but this did not have a significant impact on the activation 

map for this contrast. Differences noted with the addition of the covariate often occurred 

in similar or adjacent areas. 

 In the xt-c contrast (includes trials that require attention to the task and response 

to the Go trials while preparing for inhibiting responses) again the ADHD and ARND 

groups had similar patterns of activation with the ARND demonstrating a greater overall 

level of activation in these trials. This included activation in regions responsible for 

attentional control. 

 There were no regions of activation where the ADHD group had greater 

activation than the ARND group. There were, however, significant areas of cortical 

activation when ADHD<ARND. This was found in right frontal, bilateral parietal, left 

temporal, bilateral occipital and in right sided sub-lobar and other regions including the 

cingulate cortex. Once again the addition of the covariate to the xt-c contrast resulted in 

very little change in activation on the right cortex but also in activation appearing 

occasionally on the opposite sided cortical regions. When Com was included in the 

analysis, activation was seen bilaterally across all cortical regions with ADHD<ARND. 

 This greater activation in the ARND group again speaks to the likelihood that 

they have increased difficulty in performing these tasks requiring the use of higher order 

executive functions. In the response inhibition task this occurred for both the Go and No-
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Go trials despite the fact that the ARND and ADHD groups did not perform differently 

on accuracy measures for this task. The ARND group is required to invest more effort to 

make up for inefficient cognitive processing. 

Conjunction Task 

 In the conjunction contrast the ADHD group had greater cortical activation than 

the ARND group. The activation patterns for both groups corresponded to important 

cortical areas that are typically associated with attentional processing including the dorsal 

and ventral attentional pathways. The addition of the covariates in this contrast, in an 

attempt to control for differences in performance on psychological measures of attention, 

did not significantly change the activation maps and did not add new or additionally 

relevant information. Any changes that were noted in the BA tables were found to be in 

adjacent cortical areas and represented small and likely insignificant differences with the 

addition of the covariates. Of the two covariates used in this contrast, the CV covariate (a 

measure of response time variability) appeared to have slightly more impact in “cleaning 

up” the activation maps to a certain extent but not in a significantly helpful manner. 

 The subtractive conjunction minus disjunction contrast enables the identification 

of the cortical areas primarily involved in the conjunction aspects of the task which 

include the evaluation of stimuli to determine which was the target and which were the 

distractors in a more complex attentional task. The subtractive contrast revealed minimal 

activation, especially in the ARND group, with activation in this contrast primarily in the 

left frontal and parietal areas. This could indicate that both groups, but more so the 

ARND group, use similar brain regions and similar levels of cognitive effort in both the 

simple disjunction trials and the more complicated conjunction trials.  
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 Once again, the ADHD group had greater activation in this contrast than the 

ARND group. The addition of the covariate RTBC, which measures the change in RT 

over the different blocks of the CPT, did not have a significant impact on the activation 

maps. In this contrast the CV covariate, a measure of RT variability in the CPT, appeared 

to have a greater impact on the activation maps by cleaning up and reducing the amount 

of activation seen in the map. Analysis in other areas of this paper have indicated that RT 

variability is very similar between the two clinical groups, but it does appear that 

controlling for this variable in the fMRI analysis could help further discriminate the 

different cortical regions activated for the two groups when engaged in visual search 

tasks. Again it was noted that that the changes found with the addition of the covariates 

were in similar or adjacent areas and did not change the overall pattern of activation, 

Spatial Cueing Task 

 In the spatial cueing task three separate contrasts were examined, miscue-cue, 

cue-miscue, and cue+miscue-0back. As in the conjunction task, these three contrasts were 

examined to determine differences between the two groups on visual spatial attention. 

 In the miscue-cue subtractive contrast the easier and more automatic trials were 

subtracted from the more complex miscue trials in order to examine brain activation 

patterns when a subject is made to respond to a trial where they have to shift attention 

from an incorrect cue to the correct stimulus. The ADHD group had activation in 

primarily right cortical regions (frontal, parietal, and temporal). The ARND group had 

bilateral frontal, parietal, and temporal and a large area of activation in the occipital 

cortex which was not seen in the ADHD group. This indicates that the ARND group used 
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more effort to visually scan the stimulus presented in the miscue trials. Overall the 

ARND group had more areas of activation than the ADHD group.  

 In the ADHD>ARND comparison there were few significant areas of activation 

and very few changes with the addition of the covariates RTBC and CV. In the 

ADHD<ARND comparison there were many areas of significant activation across all 

cortical regions. This suggests that the ARND group had to utilize more cortical 

resources to respond to the more complicated miscue trials and could point to a 

deficiency in their ability to shift visual attention, discriminate the actual target and then 

respond appropriately. The addition of the covariates to this contrast did not have a great 

impact on the overall activation maps but it was noted that there was a slight increase in 

activation with the addition of the covariate CV and a slight decrease in activation with 

the covariate RTBC. 

 The cue-miscue contrast examined cortical activation patterns when the subjects 

were simply attending to a cued trial and responding as the cue directed without the 

additional cognitive load of shifting attention as in the miscue trials. In this contrast the 

ADHD group had more areas of activation than the ARND group and cortical activation 

occurred in areas typically associated with visual attention as seen in the conjunction task 

including the DLFPC, the VLPFC, and bilateral parietal and temporal activations. One 

area of particular interest was the parietal cortex which has been shown to be involved in 

the processing of predictive information in healthy controls (O'Brien et al., 2013). This 

area was activated in the ADHD group but not at all in the ARND group. It is possible 

that the ARND group was not utilizing the predictive cues in an efficient manner and 

therefore only had significant activations in the frontal cortex. This could indicate a 
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deficiency in the attentional pathway and the cortical regions that help with processing 

predictive cues for the ARND subjects and that they had to rely heavily on their frontal 

cortex to achieve the same results. O’Brien and colleagues (2013) also reported that 

ARND subjects alone showed frontal activation (compared to controls) on cue trials (in 

this case cued No-Go trials) but they also reported the expected parietal activity not found 

in the current research. 

 This same pattern of activation was found in the two comparisons of 

ADHD>ARND and ADHD<ARND. In general, the ADHD group had more activation 

across all cortical regions compared to the ARND group on the cue-miscue contrast. The 

ARND group only had more activation in the right frontal cortical region compared to the 

ADHD group. The addition of the covariates to the analysis had little impact on the 

activation maps and changes noted were in similar or adjacent areas and did not change 

the overall pattern of activation. 

 In the contrast of cue+miscue-0back the additive activation of both types of trials 

in the spatial cueing task were examined while removing the cortical areas involved in 

the simple attentional control task. The ADHD group had activation that corresponded to 

what would be expected in a visual spatial attention task including significant activation 

in frontal (DLPFC, VLPFC), parietal, temporal, and occipital cortices. The ARND group 

also had activations across several cortical regions (frontal, parietal, temporal and 

occipital) but not in areas that are typically associated with the dorsal and ventral 

attentional pathways. The ADHD group had more activation overall and particularly in 

the parietal cortex compared to the ARND group, while the ARND group had more 

activation in the occipital cortex. As in the other contrasts, the addition of the covariate 
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did not add any helpful information to the analysis and did not have a great effect on the 

activation maps. 

 This section of analysis was undertaken to determine if the use of covariates in the 

fMRI analysis of several cognitive tasks could help further differentiate the two clinical 

groups, those with ADHD and those with ARND. Differences between the two clinical 

groups in their cortical activation could be determined with the use of the fMRI analysis 

despite the fact that the two groups had few differences in their behavioural accuracy 

performances on these tasks. Gautam and colleagues (2015) indicate that many of the 

discrepancies found in fMRI research are due to differences in task performance between 

groups. This can cause a large degree of variability in the findings and reduced the ability 

to make clear distinctions between groups. Therefore, they stated that it is important for 

between group comparisons to be conducted between participants with similar task 

accuracy. In the current research the ARND and ADHD groups had no significant 

differences in task performance on all tasks related to the contrasts, with the exception of 

the conjunction contrast where the ADHD group had better performance than the ARND 

group. Therefore, in the current research there is a greater level of confidence that the 

differences found in cortical activation between the ARND and ADHD groups are due to 

functional differences in the brain rather than differences in the their abilities to perform 

the tasks presented. 

 The ARND group had greater levels of cortical activation compared to the ADHD 

group on the working memory and response inhibition contrasts as well as the more 

complex miscue-cue spatial cueing subtractive contrast. Several studies have indicated 

that greater levels of activation indicated more cognitive effort, likely to compensate for 
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inefficient cortical systems (Norman et al., 2013; Donald et al., 2015). The ADHD group 

had greater levels of activation in the two tasks examining visual spatial attention, 

conjunction and spatial cueing (except for the one contrast as noted above). This indicates 

that, in spite of the two clinical groups performing and being rating similarly on 

behavioural measures in the domains examined in this study, the underlying neural 

mechanisms that cause the deficits seen in these groups are at least partially distinct. 

 The use of the covariates in the analysis was undertaken to determine if one could 

control for performance on a standard psychological measure and if this would help 

further differentiate the two clinical groups. On all tasks, and with each different 

covariate use, there did not appear to be a significant or helpful element to using the 

covariates in the analysis. Changes in the activation maps were minimal with the addition 

of the covariates and changes in the tables represented small differences in similar or 

adjacent areas that had no impact on the overall pattern of activation. Changes introduced 

with the addition of the covariates were also somewhat inconsistent. For some contrasts 

the addition of the covariate would help to slightly “clean up” the activation map but for 

other contrasts that same covariate would increase the spread of activation and reduce the 

intensity of activation seen in the brain maps. In general, it did not appear that the 

covariates were helpful in the analysis and did not significantly change the results of the 

fMRI analysis. This finding that adding covariates did not change activation patterns was 

also reported for several other covariates in Malisza et al. (2012). 

Limitations  

 Although they were directly compared in this study, it should be noted that the 

CPT task was different from the fMRI Go/No-Go tasks in several ways. The CPT task 
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was presented first to most subjects in a separate testing session than the fMRI task. It 

was also administered on a laptop while subjects were seated, rather than in a prone 

position in the magnet and the subjects could visualize the target and response 

mechanism (keyboard) together. This may have been a more familiar and comfortable 

setting. Stimuli, including the Go and No-Go letters, were different between the CPT and 

the other tasks. The CPT used several letters of the alphabet with an inhibited response to 

X whereas the other tasks only used 3 letters with an inhibited response to A. The CPT 

utilized a block design where the different ITIs (1, 2, and 4 seconds) occur in blocks of 

20 trials as opposed to randomly throughout the task as in the CP task. This blocked 

design has been noted by other research teams to be a possible influence on response 

times and response patterns (Hervey et al., 2006) and differences between the blocked 

CPT and jittered fMRI tasks were evident in the current research.  Each administration of 

the CPT started with a 1 second ITI, to which subjects generally responded very quickly, 

resulting in a significantly different RT intercept for this task. In addition, subjects were 

allowed to respond while the stimulus was still on the screen, resulting in lower mean RT 

values for this task compared to the other tasks. Although these differences between the 

CPT and the other fMRI tasks were noted and considered, there were still enough 

similarities in the general underlying strategies and responses that it was determined that 

they could be compared.  

 Other limitations noted for this study included small sample size overall and small 

numbers for each of the individual groups. These numbers may have prevented the ability 

to detect changes due to loss of power. This may have especially been the case when 

examining and comparing the individual groups in the response inhibition task analysis as 
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several study subjects were eliminated from this analysis because they had not 

successfully completed all tasks. The small sample sizes also prevented us from 

examining the subgroups in our clinical groups. In the ADHD group we did not examine 

the differences between the different subtypes of ADHD (Combined subtype, Primarily 

Inattentive, Primarily Hyperactive) due to the small numbers of each in our study. I also 

did not separately examine those in the ARND group who had a co-morbid diagnosis of 

ADHD (approximately 10 subjects) to those who did not.  

 There were significant differences in the Full Scale IQ scores between the groups 

in this study. An attempt was made to match subjects in terms of IQ, but based on the 

difficulties with recruitment and the numbers required for the study it was impossible to 

find comparable groups in terms of IQ. But despite the differences in Full Scale IQ 

between the ADHD and ARND groups, as noted above, there were few measures that 

could be used to distinguish these two groups and they were found to be very similar in 

terms of their behaviour as perceived by others (parent reports), and in terms of their 

measureable cognitive and attention functioning. 

 Another limitation is that, although all children in the alcohol exposed group had 

been fully diagnosed by a multi-disciplinary team with ARND, there were no controls in 

place in terms of the amount or timing of prenatal exposure to alcohol. There have been 

differences reported in children who were exposed early in pregnancy, compared to those 

who have been exposed later in pregnancy or heavily throughout the entire pregnancy. It 

would be ethically impossible to conduct a controlled study on the timing and dosage of 

alcohol exposure in humans but it is reasonable to assume that these factors would make 

a difference in terms of the deficits that these individuals experience.  
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 Finally, since some of the statistical tests conducted in this study could have 

produced significant results by chance, it is important that future studies attempt to 

replicate the significant findings in this study (Bohannon, 2015; Cumming, 2014; 

Ioannidis, 2005; Simmons, Nelson, & Simonsohn, 2011). 

    Areas of Future Research 

As mentioned above, I did not separately examine those in the ARND group who 

had a co-morbid diagnosis of ADHD (approximately 10 subjects) to those who did not. 

This would be an appropriate area of future research to determine if there are differences 

found on the tasks measured in this study between the three possible subgroups (those 

with ADHD, those with FASD and ADHD, and those with FASD alone). It is possible 

that those children in our study with ARND without a diagnosis may have met the criteria 

for an attention disorder but had not been diagnosed and it is also possible that those 

diagnosed with ADHD may not have met full DSM-V criteria but had been given the 

diagnosis so a medication trial could have been attempted. There is considerable debate 

regarding the separate diagnosis of ADHD for children with FASD when attention is a 

brain domain shown to be affected by FASD. And as noted in the introduction, results on 

the use of ADHD medication for children with FASD is mixed, with some finding no 

benefit and others even reporting paradoxical or adverse reactions to medication. 

 Other variables not examined in this study include such experiences as early 

abuse and neglect, multiple moves, homes, family or group settings, regular medical care, 

nutrition, and regular school attendance/school supports. These variables could impact 

social, emotional and cognitive development and may have been a factor into behavioural 

ratings of behaviour and emotion, performance on tasks, and ability to maintain attention 
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and focus during task that required sustained attention especially when performed in an 

environment that could be stress producing (in an MRI machine). Future research could 

attempt to examine the impact of early adverse experiences on the presentation of 

children with FASD compared to those with ADHD and children without attention issues 

or prenatal exposure.  

 Although some research studies have chosen to remove Long Response Time 

trials completely from the analysis at an early stage it was decided in the current study 

that these trials provided possible information about variability of responses, losses of 

attention, how individuals might respond after an error, how they might change response 

times in relation to the ITI so they were included in the main analysis. These trials were 

not considered to be “errors” per se as they were valid responses that occurred within the 

time limit for responding and therefore should not have been completely excluded. But 

future research could examine how these long RT trials impacted (or not) measures of 

sustained attention, differences in responding in response to ITI and other measures 

examined in the current research.  

 There have been several recent research studies that have examined a novel 

approach using an ex-Gaussian method to examine RT and RT variability in children 

with ADHD (Leth-Steensen et al., 2000; Gooch, Snowling, & Hulme, 2012; Hervey et 

al., 2006). This method uses specialized computer programs to find three parameters of 

the ex-Gaussian distributional curve, mu (μ) the mean of the normal component, sigma 

(σ) the standard deviation of the normal component, and tau (τ) which is a value 

describing both the mean and standard deviation of the of the exponential component, 

represented by the positive skew of the RT distributions, or the excessively long RTs.  
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The results reported in previous studies using the ex-Gaussian distribution and resulting 

statistics have been inconsistent, with some studies finding a significant difference 

between children with ADHD compared to control groups on the parameter of tau (τ) 

(Leth-Steensen et al., 2000; Hervey et al., 2006) whereas others report finding no 

significant differences for children with ADHD (Gooch et al., 2012). This method has not 

been examined in children with FASD and would be an area of future research to 

determine if there are significant differences between the two groups on these measures 

or if children with FASD demonstrate similar patterns of RT responses which could 

indicate increased variability of responding similar to that of children with ADHD. 

 Finding so many similarities between how two groups of children – those 

diagnosed with an FASD (specifically ARND) and those diagnosed with ADHD – are 

rated on behaviour by parents and other caregivers and how they respond to behavioural 

tasks measuring attention, response inhibition, working memory, and other aspects of 

cognitive functioning and executive functioning brings into question how differential 

diagnoses are made in the first place. Popova et al. (2016) indicated that the very high 

number of comorbid conditions that have been shown to occur with FASD could account 

for an under-diagnosis of this condition and therefore a reduced prevalence rate in the 

general population. Could it be possible that some children that have been diagnosed with 

ADHD may have been prenatally exposed to alcohol but no one thought to ask or the 

question was avoided all together? Even during the current study, while completing the 

alcohol screening questions for the control and ADHD group parents and caregivers were 

sometimes surprised by questions of alcohol use. This has been noted by other authors 

and questioned as to why queries about alcohol use are not included in studies on ADHD 
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(Page, 2001). In graduate training on assessing for behavioural conditions like ADHD it 

was rare for supervisors to suggest that prenatal alcohol exposure be assessed in any 

format. Often individuals or caregivers will only describe the symptoms of the difficulties 

that brought them to seek services and medical practitioners may treat the symptoms 

while not exploring the underlying cause (Popova et al., 2016). Does the assessment of 

prenatal alcohol exposure depend on who walks through the door? Why are so many 

children in the care of Child and Family Services referred for FASD assessments while 

children of upper and upper-middle class families are quickly assessed and prescribed 

medication for ADHD by family physicians? As this paper was being written and the 

ADHD literature was being reviewed it was surprising how many studies accounted for 

mental health, other medical health issues, parents’ mental health, use of medication, and 

so on but few, if any, explicitly stated that they ruled out prenatal alcohol exposure. Does 

this omission have an impact on the results, at times very inconsistent, that have been 

reported throughout the years on children with ADHD? It is imperative that medical and 

mental health providers and researchers become comfortable asking these questions 

(Peadon & Elliott, 2010) which could improve diagnosis, access to resources, and early 

intervention (Popova et al., 2016). It is also noted that this topic can be addressed in a 

more formal and explicit manner in training programs for professionals entering these 

fields. If an ADHD diagnosis is given, which is in fact secondary to an FASD diagnosis, 

then the usual treatment approaches, the usefulness of medication, and ultimately the 

understanding that behaviour is not the result of a learning issue or a “bad child” but is 

the result of irreversible brain damage is lost (Nash et al., 2006). 
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 Future research using behavioural measures and fMRI could include groups of 

children and adolescents who demonstrate characteristics of FASD but alcohol exposure 

and prenatal alcohol exposure was suspected but cannot be confirmed due to adoption, 

the child being in CFS or kinship care, or other reasons where confirmed maternal history 

cannot be obtained. LaFrance et al. (2014) suggested that those with suspected exposure 

should be included in research to determine the sensitivity and specificity of tools, tests 

and neurobehavioural profiles and determine if these can be used to provide assessment 

and intervention to children who otherwise might not quality for an FASD assessment.  

Conclusion and Summary of Current Research 

 The overall aim of the current study was to attempt to distinguish and possibly 

define a differential neurobehavioral profile for two groups of children, those with 

ARND and those with ADHD. This was completed using standardized psychological 

measures, parent/caregiver ratings of behaviour, and task performance on fMRI tasks 

related to working memory, visual-spatial attention and a more focused look at response 

inhibition using Go No-Go tasks. Cortical activation patterns on four fMRI tasks were 

also examined to determine if there were differences between the two clinical groups and 

if the addition of covariates into the fMRI analysis provided any further useful 

information.  

 The first aim of the study was to determine if there were significant differences 

between the groups (especially the two clinical groups) on several psychological 

measures that could be used to demonstrate a distinct neurobehavioural profile. There 

were no significant differences found between the two clinical groups on commonly used 

measures of parental/caregiver ratings of behaviour and executive functions, although 
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both groups were easily distinguished from the control group. Standardized psychological 

measures were better able to distinguish the groups and should therefore be given more 

weight in research and also during a diagnostic assessment for FASD. The ARND group 

had lower scores on both non-verbal reasoning and verbal comprehension on the WISC-

IV compared to the other groups. Only the Full Scale IQ and Working Memory Index 

scores were able to effectively discriminate each group from the others. The control 

group had the highest scores, the ADHD group fell in the middle, and the ARND group 

had the lowest scores on these measures of overall intellectual functioning and working 

memory. Although some significant differences were found, a distinct neurobehavioural 

profile for the ARND and ADHD groups could not be fully determined due to the high 

degree of overlap between these two groups on their behavioural performance on 

psychological tasks and parent and caregiver rating scales. 

 The second aim of the study was to determine if the fMRI tasks were correlated 

with the psychological tests measuring the same constructs. This aim was achieved as the 

fMRI task performance accuracy measures were strongly correlated to the standardized 

psychological measures related to similar constructs (attention, visual-spatial reasoning 

and attention, and working memory). This is a good indication that the tasks designed for 

the MRI environment (although possibly more simple in nature) are assessing the 

constructs assessed in a similar manner. Therefore the results of task performance while 

inside the magnet can be seen as a good representation of the abilities of the person if that 

construct was measured outside of the magnet. The correlations between the fMRI tasks 

and the parent/caregiver ratings were moderate to weak for the majority of the 
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comparisons. The three fMRI tasks all measured separate elements of executive 

functioning but there is a large degree of overlap in the EF domains (Khoury et al., 2015). 

 The fMRI working memory task performance variables were unable to distinguish 

the two clinical groups from each other. It was noted that the 1-back task was a simple 

measure of working memory and other studies have found 1-back tasks to have a small 

overall effect sizes for demonstrating significant differences between FASD and control 

groups (Khoury et al., 2015). 

 The fMRI visual-spatial attention tasks had variable results in being able to 

distinguish the two clinical groups. In the Conjunction task, the more difficult 

conjunction trials (Array I) were able to distinguish all three groups with the TD being 

the most accurate, followed by the ADHD group, with the ARND group demonstrating 

the most difficulty with this aspect of attention. It might be possible to develop a 

standardized measure of visual discrimination and memory for outside of the fMRI 

environment to help with assessing the neurodevelopmental domain of attention. The 

Spatial Cueing task was able to distinguish the clinical groups from the control group, but 

the accuracy performance variables could not distinguish the two clinical groups from 

each other. 

 A third aim of the study was to examine two areas of executive functioning, 

response inhibition and sustained attention, to differentiate the performance of the two 

clinical groups from the control group.  In this more detailed analysis of response 

inhibition, using both fMRI Go/No-Go tasks (one self-paced and one computer-paced) 

and a standardized CPT task, several important findings were noted. First, there were no 

differences found between the groups or between the tasks for sustained attention when 
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mean response time or accuracy values were evaluated over time. Generally, on all tasks 

and in all groups there was a slight decline in accuracy over time and a slight increased in 

response time, but no one group appeared to have more difficulties than the others. Based 

on previous research indicating that individuals with ADHD and FASD often 

demonstrate differences with sustained attention, it would have been expected for group 

differences to emerge. This was possibly due to the high degree of variability in response 

times for the children; however it appears more likely that, in the current research tasks, 

there was not a steady decline in attentional or response inhibition performance over time 

but intermittent lapses in attention (resulting in incorrect responding and long response 

time trials) that occurred throughout the tasks.  These lapses in attention, which occurred 

for all groups, but at a higher level for the two clinical groups, impacted mean response 

time and response time variability values. Further investigation in future research into the 

impact of these lapses in attention and their impact on sustained attention is warranted. 

 There were no differences found between the groups on any of the performance 

variables, including attention, response inhibition and response time variability, on the 

self-paced (and therefore faster) task. This was unexpected as these variables, especially 

inter-subject variability, have been said to be hallmark characteristics of those with both 

FASD and ADHD. The self-paced nature of this task resulted in fast, but also highly 

variable, response times and difficulties with response inhibition for all groups when 

compared to the computer-paced task. It is likely that instead of fully attending to the 

stimuli in this task, the subjects were trying to complete the task as quickly as possible 

and the low arousal nature of a mostly continuous response pattern allowed for many 

lapses in attention and a reduced ability to inhibit responses. The higher number of long 
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response trials found in the self-paced task would have an impact on fMRI results if the 

task was used to determine cortical regions involved. A long response time Go trial 

would be counted as a “correct trial” but it would be hard to determine what was 

occurring for the subject during that response time. A subject could be determining 

whether or not to respond, they could be mistakenly inhibiting response, or they could 

have lost attentional focus. Because we are unable to determine what action the subject is 

engaging in, these trials might cloud the results from the fMRI cortical activation 

patterns. Although the clinical groups both had higher numbers of long response trials 

than the control group on both tasks, there were less of these trials in the computer-paced 

task. 

 On the computer-based (or slow) task, the two clinical groups demonstrated 

significant differences compared to the control group. The control group was more 

accurate on Go (attention) trials and was less variable in response times than the clinical 

groups. There were still no differences found between the three groups on response 

inhibition. The results from this task, although not fully in line with previous research 

findings comparing ADHD and FASD subjects to controls, were more fitting with 

previous research findings that indicated that subjects with FASD and ADHD had more 

difficulties during Go/No-Go tasks, and therefore a computer-paced response inhibition 

task appears to be a better version to utilize when assessing response inhibition and 

attention in an fMRI study. 

 The CPT task is generally thought to be a measure of sustained attention and 

vigilance but can be viewed as a response inhibition (Go/No-Go) task as well. On this 

task the ARND group was less accurate than both other groups and had significantly 
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lower accuracy and higher variability than the control group. However, the ARND group 

was not significantly different than the ADHD group on either the executive function 

domains of attention or response inhibition. As in the other tasks, there were no 

differences between the groups on response inhibition performance after controlling for 

multiple comparisons. All groups, on all tasks, appeared to struggle significantly with 

response inhibition compared to sustained attention. 

 The CP task had a jittered ITI paradigm where the trials were separated by 

varying levels of ITI whereas the CPT had a blocked design where trials appeared in 

blocks with the same ITI. The blocked design of the CPT resulted in faster response times 

(especially during the 1 and 2 second ITI levels) and lower response inhibition than the 

CP task. The length of an ITI did have an impact on the subsequent response and most 

subjects had higher accuracy on trials preceding by a moderate length ITI. During an 

fMRI study on inhibition it would be important to have as many correctly inhibited 

responses (correct No-Gos) to best determine which cortical regions are involved in the 

act of inhibition. Therefore the jittered and computer-paced ITI design of the CP appears 

to be the best measure to use to assess response inhibition in an fMRI study. 

 The fourth and final aim of the study was to examine fMRI activation patterns on 

the four fMRI tasks between the two clinical groups to determine if there were significant 

differences between the two groups. Additionally, psychological variables were used as 

covariates in the fMRI analysis to determine if they would be a helpful adjunct to further 

differentiate these two groups. It was determined that the addition of covariates related to 

any of tasks into the fMRI analysis did not provide additional information or clarity into 

the cortical region activation patterns to help distinguish the clinical groups. Both with 
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and without the covariates, it was found that the ARND group had much higher levels of 

overall activation compared to the ADHD group during the working memory and 

response inhibition fMRI tasks whereas, the ADHD group had higher levels of cortical 

activation during the two visual-spatial attention related, spatial cueing and conjunction. 

Previous research has indicated that increased cortical activation during tasks that tap 

higher order cognitive and executive functioning demonstrates higher levels of effort, 

even with similar task performance. Because we know that the two clinical groups did 

not differ in task performance on the fMRI tasks (with the one exception of the 

conjunction trials) we can infer that the groups had to give more effort to reach the same 

performance levels in particular areas noted. 

 It is clear in the current research that children with ARND and ADHD are very 

similar in their behavioural presentation and outcomes of executive function tasks related 

to attention, response inhibition and visual working memory. Two significant differences 

that were found between these two groups were their performance on the auditory 

working memory tasks and overall cognitive functioning on the WISC-IV. These 

measures, along with fMRI, show promise for assisting as an adjunct measure for 

distinguishing between ADHD and FASD diagnoses in children with suspected prenatal 

alcohol exposure. This would especially be the case in situations where alcohol exposure 

cannot be confirmed, as early and ongoing intervention is key to ameliorating the 

secondary disabilities experienced by children, adolescents and later adults with FASD. 

In summary it was found that, based on the current research: 

a) There is a high probability of differences in the following areas: 
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o The clinical groups were highly different from the typically developing (TD) 

controls on parent/caregiver measures of behaviour and executive functioning 

o The ARND group had lower performance than both the ADHD and TD groups on 

non-verbal and verbal reasoning tasks on the WISC-IV 

o The ARND group had lower performance than both the TD and ADHD groups on 

Full Scale IQ and working memory on the WISC-IV 

o The ARND group had lower performance than both the TD and ADHD groups on 

the conjunction trials of the Conjunction fMRI task 

o The TD group had higher performance than the ARND and ADHD groups on 

Spatial Cueing fMRI task 

o The TD group was more accurate and less variable than the clinical groups on the 

computer-paced Go/No-Go fMRI task 

b) There is some degree of likelihood of differences in the following areas: 

o The ADHD group had lower performance than the TD group on Full Scale IQ and 

working memory on the WISC-IV 

o The ADHD group had lower performance than the TD group on the conjunction 

trials of the Conjunction fMRI task 

o The TD group had less of the long RT trials than the ARND and ADHD groups 

on the Response Inhibition fMRI task 

o The ARND group had higher levels of cortical activation than the ADHD group 

on the Working Memory and Response Inhibition fMRI tasks 

o The ADHD group had higher levels of cortical activation than the ARND group 

on the Spatial Cueing and Conjunction fMRI tasks 
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c) There were no significant differences found in the following areas: 

o The ADHD and ARND groups did not differ from each other on parent/caregiver 

measures of behaviour and executive functioning 

o There were no differences found between the performance of any of the groups on 

the Working Memory fMRI task 

o The ADHD and ARND groups did not differ from each other on performance on 

the Spatial Cueing fMRI task 

o There were no differences found between the groups on sustained attention on the 

Response Inhibition Go/No-Go tasks 

o There were no differences found between the groups on inhibition on the 

Response Inhibition Go/No-Go task 

o There were no differences found between the groups on a self-paced Go/No-Go 

fMRI task 
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Appendix A 

 

Subject Demographics 

____________________________________________________________________________________________________________ 

Group  n Mean Age Age Range Sex  Mean SES Other Diagnoses  Medication Use 

       # Male  (Av. Income     # of Subjects* 

         by Postal Code) 

____________________________________________________________________________________________________________ 

ARND  24 12.13  10.04 -  15  51 920  ADHD   11 Adderall 1  

     14.95    (21 294) ODD   1 Concerta 8 

           Depression  1 Dexadrine 6 

           Attachment Disorder 1 Fluxotine 2 

           Learning Disability 1 Olanzapine 1 

           CD   1 Risperidone 9 

               Ritalin  1 

               Seroquel 2 

               Straterra 1 

 

ADHD  20 11.99  10.15 -  18  66 166  Learning Disability 4 Concerta 10 

     13.90    (27 419) ODD   1 Dexadrine 1 

               Risperidone 4 

               Ritalin  6 

               Straterra 1 

 

TD  21 12.60  10.25 -  16  70 842  None    None 

     14.90    (15 301)  

____________________________________________________________________________________________________________ 

CD: Conduct Disorder; ODD: Oppositional Defiant Disorder; SES: Socioeconomic Status 

*Several subjects in the ARND and ADHD groups were on multiple medications. 

 



                                                                                            ARND, ADHD and fMRI   312 

 

Appendix B 

 

 

 
August 10, 2010 

 

Dear Parent, 

 

I enclose information about a Magnetic Resonance (MR) Imaging study being performed by 

researchers from the Institute for Biodiagnostics (IBD) of the National Research Council of 

Canada (NRC). 

 

This study is called "Stop, Look and Remember - Neuroimaging Cognitive Function in 

Children with ARND and ADHD” and will be performed at the Institute for Biodiagnostics.   

 

 Please: 

 

1. Read the enclosed material.  It contains information that we hope will answer any questions 

you may have regarding your child’s participation in this study.  If this does not answer all 

your questions, please feel free to call us.  

2. Carefully review the list of medical conditions that might exclude your child from this study.  

This is mainly for your child’s safety.  If your child has any of the exclusion criteria, they 

should not enter the study.  If you have any questions or concerns, we will be glad to help you 

address them. 

3. The enclosed “Magnetic Resonance Screening Form” must be completed by a physician 

before you can participate in the study.  A screening physician from our team will contact you 

to complete this form after your first visit. 

4. Please look over the questions regarding maternal alcohol use as well as the “Intake form”. 

You do not need to send this form back. These screening questions will be asked during an 

initial phone call, after you have indicated that you are interested in participating in our study 

(for the ADHD and Control Groups only).  Please note that this information will be kept 

confidential and locked in a secure filing cabinet in Dr. Malisza’s office with any other 

documentation received or acquired during the study.  Please see the confidentiality statement 

in the attached informed consent sheet. 

5. Please allow yourself at least 24 hours after reading the information in this package before 

scheduling an appointment for this study.  If you wish to participate in this study, please call 

me to arrange a date and time. 

  

 If you have any questions or concerns, please telephone me at (204)984-6616 and I will either 

answer your questions directly or make a referral to an appropriate member of the research team. 

 

Sincerely, 

  

 

 

Dr. K. Malisza 

Research Officer, IBD 
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Appendix C 

 

RESEARCH STUDY SUMMARY AND CONSENT FORM 
 

 Stop, Look and Remember - Neuroimaging Cognitive Function in 

Children with ARND and ADHD 
  

Institute for Biodiagnostics, National Research Council 

 

Principal Investigators 
Dr. K. Malisza, Research Officer, Institute for Biodiagnostics  

 

Co-Investigators 
Dr. B. Bolster, Assist. Professor, University of Winnipeg; Dr. A. Chudley, Professor, 

Dept. Pediatrics and Child Health, and  Genetics and Metabolism, University of 

Manitoba and  HSC Children’s Hospital; Dr. C. Clancy, Assist. Professor, Faculty of 

Medicine, University of Manitoba and Pediatric Neuropsychology Service, Department 

of Clinical Health Psychology, HSC Children’s Hospital 

Collaborators 
Dr. S. Longstaffe, Medical Director, Child Development Clinic, HSC Children’s 

Hospital 
Mr. R. Summers, Statistician, IBD 

Project Team Members 

Dr. D. Shiloff, Ph.D., Institute for Biodiagnostics, MRRD 

Mr. D. Foreman, IBD, MRRD 

Ms. L. Woods Frohlich, Ph.D. Student, Research Associate 

 

WHAT IS THE RESEARCH ABOUT?  
In this research study, we try to find out which areas of the brain are affected when 

someone’s mother drinks alcohol during her pregnancy. People who are affected by 

alcohol in this way often have various difficulties (bad memory, bad hearing, etc.), but 

little is known about the actual physical basis of these difficulties. The results from these 

experiments may be used some day to treat people who suffer from this condition. 

 

AM I ELIGIBLE TO PARTICIPATE? 

The following groups of people are being recruited for this study: 

Group1: those with Alcohol-Related Neurological Disorder (ARND) 

Group 2: those with Attention Deficit Hyperactivity Disorder (ADHD) 

Group 3: those with both ARND and ADHD  

Group 4:  healthy controls (children and adults) 

 
Within these groups, we are recruiting children between 10 and 14 years of age and 

healthy adults (18 years of age or over).  

 

 



                                                                                            ARND, ADHD and fMRI   314 

You (Your child) may be excluded from the study if you (he/she): 

 Have metal objects or certain electronic medical devices inside his/her body. 

 If your child is taking risperidone or Strattera. 

 

This study is purely voluntary.  If you (your child), decide not to participate in this 

study or later withdraw from the study, your ( your child’s) future normal medical 

care will not be affected in any way. 

 

WHAT HAS TO BE DONE DURING THE STUDY? 

 
The study consists of several experiments involving responding to different tasks.  

 

Children only: 

Initial screening: 

Prior to beginning the study, we must ask some questions regarding maternal alcohol 

consumption from parents with children diagnosed with ADHD as well as typically 

developing children, and general questions regarding your child’s personal, behavioural 

and medical information from parents of all groups of children. This is required to 

confirm diagnosis and enrollment in the study.  All of this information will be kept 

confidential in a locked filing cabinet in Dr. Malisza’s office with any information 

gathered during this study.  We require this information prior to the start of the study to 

ensure that your child is eligible for the study.  This information can be provided over the 

telephone and Ms. L. Woods Frohlich (research associate) will contact you to perform the 

required screening.   

 

Psychological Assessment: 

Before participating in the actual MRI study, we must make sure that your child can be 

appropriately matched between groups of children. This involves a visit to perform a 

psychological evaluation. The child will be asked a number of questions and required to 

perform some paper and pencil tasks. This visit may take up to 2 hours.  

Parents will be asked to complete forms assessing their child and also be asked to provide 

their child’s teacher with the teachers’ version of the rating forms and return the forms as 

soon as possible.. 

Pretend scanner: 

Before doing the actual experiment in the real MRI, your child will attend a visit at a 

pretend scanner to practice the games that will be played during the real MRI visit and to 

practice laying still for the MRI. The pretend MRI is at the Institute for Biodiagnostics, 

downtown Winnipeg. The tasks or games that your child will play are specific to 

determine parts of the brain that work when paying attention, trying to stop from 

responding to something and memory. There are 5 different types of games that s/he will 

have to respond to and each will take about 7 minutes. 
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This is a picture of the mock or pretend MRI facility at the Institute for Biodiagnostics .  

The stuffed animal shows the position of the child on the scanner bed during part of this 

study. 

S/he will be introduced to the pretend or mock MRI scanner and various aspects of the 

scanning experience (procedure, noises, etc).  The pretend scanner visit will take 

approximately 1 hour. If necessary additional pretend scanner visits will be scheduled to 

ensure that the child is able to perform the tasks required and to lie sufficiently still in the 

scanner prior to obtain good MR images.  

 

MRI (children) 

 

We request that your child be free from medications, such as Ritalin, Adderall, Concerta, 

Dexadrine (dextroamphetamine) or Clonidine prior to the functional MRI study. We 

would ask that the child not take this medication for 2 days prior to the MRI scan.  Please 

consult your child’s physician to determine if this is appropriate for your child. 

 

We request that your child refrain from taking any stimulants such as caffeine the day of 

the MRI study.  

 

TWO visits to the MRI will be necessary to get all of the pictures we need because we 

don’t want to keep your child in the magnet for more than 1 hour. 

We will ask your child to complete the games during the first visit and during the second 

visit s/he must lie still while we just take pictures of and information about the levels of 

different chemicals in the brain. If we are not able to complete all of the games in one 

day, then we may have to finish the games during the next visit. 
 
MRI (adults and children) 
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During the real MRI, you (or your child) will have to enter and stay motionless in the 
MRI for the entire time and respond to all of the games that were practiced during the 
pretend visit. MRI pictures of the brain will be taken during the visits. 
 
Please allow 2 hours for each MRI visit. 
 
MRI preparation (all subjects undergoing MRI scans) 

 

Before entering the scanner room, you (your child) will be asked to change into clothing 

which does not contain metal.  You (He/She) has a choice of wearing your (his/her) own 

clothing, if it is metal-free (e.g., jogging suit) or the hospital gowns that we can provide. 

You should make sure that all your questions are answered and you agree (on behalf of 

your child) to participate in the study before signing the consent form.  

 

IS THE STUDY CONFIDENTIAL? 

Only people directly involved with the research procedure are allowed in the study area.  

Information gathered in this research may be published or presented in public forums; 

however, names will not be used or revealed.  All data obtained during the research scan 

will be stored with a code instead of the name. Only the subject file, which is kept 

securely in Dr. Malisza's office, will have information which relates the subject name to 

the code. Despite efforts to keep personal information confidential, absolute 

confidentiality cannot be guaranteed.  Organizations that may inspect and/or copy the 

research results of this study include groups such as the National Research Council 

Research Ethics Board and The University of Manitoba Health/Biomedical Research 

Ethics Board.  Data from the study may be kept by the research team for up to 10 years.  

After that time all of the data will be destroyed. 

 

WHAT ARE THE POSSIBLE HARMS OR BENEFITS? 

MRI may be dangerous for anyone with metal inside his or her body. Some metal objects 

may move or heat up due to the magnetic force and radiofrequency waves used for MRI; 

this may be a risk to your (your child’s) health. All children will be screened to ensure 

that it is safe for them to participate (please see screening form). 

 

MRI is completely painless, but some people have felt minor, transient discomforts 

during MRI scans (e.g. dizziness, lightheadedness or a feeling of continued motion after 

being moved into the magnetic field), which usually subside within a few minutes.  In 

rare cases, the dizziness progressed to the point of nausea, but subsided quickly outside 

the magnetic field. No long-term adverse effects of MRI have been reported. 

 

Neither of these issues applies to the mock or pretend scanner training, since no magnetic 

field is used. 

 

The MRI makes a repeated loud knocking noise when a scanning. These noises 
are recorded and played during pretend scanner training.  Hearing can be 
damaged (temporarily at certain frequencies) if a person is exposed to this level 
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of noise for a long time without hearing protection.  During this study either 
earplugs or a headset will be used at all times to protect your (your child’s) 
hearing, so the risk of hearing damage is extremely low and there have been no 
known instances of permanent hearing damage attributed to MRI use. 
 

This is not a clinical scanning procedure, and we may not observe anatomical 

abnormalities because we are not running typical clinical scans looking for a problem. It 

is possible, however, that the MRI may show some structural abnormalities. If something 

of this nature is observed the scans will be given to a radiologist along with the subject’s 

physician. The radiologist then will decide whether or not a follow-up clinical evaluation 

is required. If there is indeed a need to follow-up the radiologist will contact the family 

physician directly. Dr. Chudley and Dr. Longstaff will be involved in this process for the 

pediatric population as they are also consultants for the child’s care.  

 

 

WHAT ELSE SHOULD I KNOW? 

You have the right to withdraw (the child) from the research study at any time and for 

any reason. We will remind you (and your child) of this right prior to every session.  

The investigators reserve the right to end the subject’s participation for any reason. 

 

We will give you $10 for each pretend scanner and psychological assessment visit to 

cover any expenses you incur for participation in this research study.  Parking is provided 

at the Institute for Biodiagnostics free of charge. We will give you $25 for each MRI visit 

to cover any expenses for participation in the research study.  

 

Please contact us if you would like any more information about the study.  Please let us 

know if you would like copies of any published scientific reports about the research 

project.  

 

HOW CAN I GET MORE INFORMATION? 

Please contact . 

Dr. Krisztina Malisza, PhD; National Research Council: phone 984-6616. 

 

 for additional information about this study. 

  

For questions about your rights as a research subject, you may contact: 

Ms Diane Fafard, National Research Council Research Ethics Board, phone (613) 991-

9920 OREB-CERO@nrc-cnrc.gc.ca . 

Or 

Bannatyne Campus Research Ethics Office, University of Manitoba 789-3389 

 

 

 

 

mailto:OREB-CERO@nrc-cnrc.gc.ca
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CONSENT FORM   

 

I have received a copy of and I have read this Research Study Summary.   

I understand the nature of the study, including the potential risks and benefits. I have had 

adequate time to consider the information. I have talked to Dr. Krisztina Malisza and/or 

her colleagues.  All my questions (and the child’s) questions about the study have been 

answered.  If I have any more questions, I may call Dr. Malisza at the Institute for 

Biodiagnostics of the National Research Council at 984- 6616.  

I understand that I will be sent a copy of this consent form, after signing it. 

I understand that information regarding my (my child’s) personal identity will be kept 

confidential, but that confidentiality is not guaranteed.  I agree to the inspection of the 

research records of this study by the National Research Council Research Ethics Board, 

the University of Manitoba Health/Biomedical Research Ethics Board and the University 

of Winnipeg Research Ethics Board. 

I realize that by signing this document I am not waiving any legal rights.  

 

I hereby agree that  ________________________________________  

            

 (Name of subject) 

will participate in the research protocol, “Stop, Look and Remember - 

Neuroimaging Cognitive Function in Children with ARND and ADHD.”   

I understand that I (my child) can end my (his/her) participation at any time and for any 

reason. 

 

My consent has been given freely. 

 

__________________________ 

Name of adult subject (or parent/legal guardian) (Print) 

 

____________________________        

 _____________ 

Signature of adult subject (or parent/legal guardian)    Date 

 

 

________________________    ______________________________ 

Name of person obtaining consent       

 Role in study (Print)  

 

____________________________        

        _____________ 

Signature of person obtaining consent       

         Date
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RESEARCH STUDY SUMMARY AND ASSENT FORM FOR CHILDREN  

 

“Stop, Look and Remember - Neuroimaging Cognitive Function in 

Children with ARND and ADHD 
 ” 

Institute for Biodiagnostics, National Research Council 

Principal Investigators 
Dr. K. Malisza, Institute for Biodiagnostics  

Co-Investigators 
Dr. A. Chudley, Dr. B. Bolster and  Dr. C. Clancy, U of M, HSC 

Collaborators 
Dr. S. Longstaffe, U of M, HSC  

  
WHAT IS THE RESEARCH ABOUT?  
We can look at the way the brain works using something called Magnetic 
Resonance Imaging or MRI.  We want to see how brains of children with different 
problems work.  
 
WHAT WILL I HAVE TO DO? 
The MRI machine makes a lot of noise. To get good pictures it is important that 
you lie very still when you are in the machine. We want to help kids to get used to 
the noises and everything that has to happen when they go for an MRI. We also 
want to help kids stay more still in the MRI so we can get better pictures. 
 
Before we take pictures you will be asked to play a number of games using a 
paper and pencil, answer some questions and tell some stories. You will also go 
to a pretend MRI and be told and shown about getting pictures in a real MRI. 
Then you'll try to do all the things you would have to do if you were to get a real 
MRI.  We will ask you to play some games and practice them so that you know 
what to do when you go to the real MRI. These games will make your brain work 
in different ways so that we can get pictures of how your brain works when you 
are thinking. We will also just take some pictures of your brain when you do not 
have to do anything, just lie still in the MRI. 
 
ARE THERE GOOD THINGS OR BAD THINGS ABOUT THE STUDY? 
During the study we might ask you to do something that makes you feel scared. 
But if that happens, just tell us and we’ll stop.  
 
CAN I DECIDE IF I WANT TO BE IN THE STUDY? 
Nobody will be angry or upset if you do not want to be in the study.  You can ask 
questions anytime and if there is a problem or you do not want to do the study, 
we won’t do it. 
 
___________________________________  ______________ 
SIGNATURE OF PERSON OBTAINING VERBAL ASSENT  DATE 
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Appendix D 

MAGNETIC RESONANCE SCREENING FORM 

 

This questionnaire is intended to confirm eligibility of potential research subjects 
and to identify factors which could make participation in an MRI study hazardous.  
For your safety, please complete the following screening form with your 
physician: 
 

Research Subject's Name: (please print) _______________________________ 

Address 

 

Postal Code: _____________ 

 

Date of birth (D/M/Y):  _____________ 

 

Male    Female  Weight    _____ lb.  or   _____ kg. 

 

 

Subject group: 

 

Diagnosis (specify): ____________________________________________________________ 

 

 Healthy Control  ARND  ADHD  ARND + ADHD  

 

 

Please refer to the Exclusion Criteria for MR studies and the examples provided. 

 

SECTION A 

 

If you have any metal in your body as a result of surgery, you will NOT be eligible to 

participate in our MRI research studies 
         YES NO 

 
A 1 Have you ever had any surgery?     

If yes, please list surgeries and approximate dates:            

_________________________________________________________ 

 _________________________________________________________ 

  

 To the best of your knowledge and your physician's knowledge,  

 did any surgery require any metal to remain in your body?      

   

(If there is doubt, the Principal Investigator may ask your permission to check your medical 

records) 
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SECTION B 
If you answer YES to one or more of the questions in Section B, you (or your child)  will NOT be 

eligible to participate in our MRI research studies. 

 

B1   Do you have any of the following?      YES NO 

 

 Heart Pacemaker or Defibrillator Implant      

 Aneurysm clip       

 Intravascular coils, filters and stents     

 Artificial heart valve     

 Neurostimulator Implant     

 Cochlear (inner ear) implants     

 Metallic implants or objects of any kind (including orthopedic implants)    

 Prosthetic devices     

 Artificial limb or joint     

 

B 2 Have you ever worked as a grinder, metal worker, machinist, welder or other    

 occupations where you may have come in contact with small metal slivers? 

 

B 3 Have you ever been injured in the head, eye or body by a metallic foreign body that was not 

removed? (eg. bullets, shrapnel, metallic slivers)     

 

B 4 Do you have braces on your teeth or non removable dental work?    

 

B 5 Do you have dental work held in place by magnets?     

 

B 6 Do you have body piercing (non-removable metal jewellery)?     

 

B 7 Is there any chance you may be pregnant?     

 Are you breast feeding?     

 

B 8 Do you have an IUD or contraceptive diaphragm?     

  

B 9 Are you being treated for, or do you have a history of: 

 Claustrophobia (fear of closed spaces)     

 Seizures       

 

SSEECCTTIIOONN  CC  
Some medical conditions can be made worse by stress.  If you (your child)  suffer(s) from any of 

the following AND you think you may experience stress during the course of the study, please 

consult with your doctor before participating.  

 

C1 Do you have:       YES NO 

 
 Uncontrolled high blood pressure     

 Ischemic heart disease     

 Congestive heart disease     

 Angina       

 Heart palpitations     

 Other heart disorders:     

  Specify:___________________________________ 
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 Panic attacks      

 Any other anxiety disorders:     

 Specify:____________________________________ 

 

          ____________________________________ 

 

C 2 Do you have any other illnesses?     

  Specify:_________________________________________________ 

 

   __________________________________________________ 

 

SECTION D 

The pigment used in some tattoos is iron based and may cause skin irritation during the MRI 

scan, especially if the tattoo is large and has been done recently.  If you have a tattoo, please 

discuss with the Principal Investigator. 

          YES NO 

D 1 Do you have a tattoo?     

 

SECTION E - EXCLUSIONS FOR BRAIN / HEAD IMAGING 

If you answer yes to questions E 1 or E 2, you will NOT be eligible to participate in 

brain/head imaging studies.     
Do you have:         YES NO 

 

E 1 Cataract Lenses      

 

E 2 Tattooed eyeliner      

 

 

 

All information provided on this form is accurate to the best of my knowledge. 

 

 

Physician's Name: (please print) _____________________________________ 

 

Physician’s Address (please print) _______________________________________ 

 

     ______________________________________ 

 

     ______________________________________ 

 

 

Physician's Signature __________________________ Date ____________ 

 

 

Adult Research Subject's Signature ________________________ Date _____________ 

(or signature of Parent/Guardian)  

 

 Signature of Child (optional) ___________________________  Date_______________ 
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Appendix E 

 

TELEPHONE SCREENING 
  

DDaattee  ooff  CCaallll::  ________________________________________________________________  

  

NNaammee  ooff  PPaarreenntt::  ((MMrr..//MMrrss..//MMss))__________________________________________________________________________      

  

NNaammee  ooff  SSuubbjjeecctt::  ______________________________________________________________________________________________    MMaallee              

FFeemmaallee  

  

AAddddrreessss::  __________________________________________________________________  

  

    __________________________________________________________________  PPoossttaall  CCooddee::  ________________________________  

    

PPhhoonnee  NNoo::  HHoommee::______________________________________  WWoorrkk::__________________________________________________  

  

WWhheerree  hheeaarrdd  aabboouutt  ssttuuddiieess??              PPoosstteerr      WWhheerree::    ______________________________________________________________  

                  NNeewwssppaappeerr  

                  WWoorrdd  ooff  MMoouutthh  

                  IIBBDD  

                  CCAADDEECC  

                  

OOtthheerr::______________________________________________________________________________________  

  

CCHHIILLDD  IINNFFOORRMMAATTIIOONN::  

DDaattee  ooff  BBiirrtthh::      dd//mm//yy  ____________________________________  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  aa  ppaacceemmaakkeerr,,  ddeeffiibbrriillllaattoorr  oorr  nneeuurraall  ssttiimmuullaattoorr  ((iiee..  eelleeccttrrooddeess,,  aannyy  mmeettaall))??    

    YYeess      NNoo  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  aann  eeaarr  oorr  eeyyee  iimmppllaanntt??          YYeess        NNoo  

                  

HHaass  yyoouurr  cchhiilldd  eevveerr  hhaadd  ssuurrggeerryy??                          YYeess        NNoo  

  IIss  tthheerree  aannyy  cchhaannccee  tthheeyy  hhaavvee  lleefftt  mmeettaall  iinn  hhiiss//hheerr  bbooddyy  ee..gg..,,  hheemmoossttaattiicc  cclliippss,,    

  ccllaammppss,,  ssttaapplleess??                                YYeess        NNoo  

  

HHaass  yyoouurr  cchhiilldd  eevveerr  bbeeeenn  hhiitt  iinn  tthhee  bbooddyy,,  ffaaccee  oorr  eeyyee,,  wwiitthh  aa  ppiieeccee  ooff  mmeettaall  tthhaatt  hhaass  nnoott  bbeeeenn  

rreemmoovveedd  ((iinncclluuddiinngg  mmeettaall  sshhaavviinnggss,,  sslliivveerrss,,  bbuulllleettss  oorr  bbyy  aa  BBBB  gguunn))??                YYeess          NNoo  

HHaass  yyoouurr  cchhiilldd  eevveerr  hhaadd  aannyy  eeyyee  iinnjjuurriieess  aarroouunndd  mmeettaall  wwoorrkk??                YYeess          NNoo  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  mmaajjoorr  ddeennttaall  wwoorrkk  ii..ee..  mmeettaall  bbrriiddggeess??        YYeess          NNoo  CCrroowwnnss??              

YYeess          NNoo  

  BBrraacceess  oorr  rreettaaiinneerrss??        YYeess          NNoo  

    

  SSppeecciiffyy::    ____________________________________________________________________________________  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  aannyy  ttaattttooooss  oorr  ((iiff  ffeemmaallee))  ppeerrmmaanneenntt  eeyyeelliinneerr??      YYeess          NNoo  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  aannyy  nnoonn--rreemmoovvaabbllee  mmeettaall  jjeewweelllleerryy  ((bbooddyy  ppiieerrcciinngg))??      YYeess              NNoo  
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NNaammee::    __________________________________________________________________________________  

  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  hhiigghh  bblloooodd  pprreessssuurree??            YYeess          NNoo  

                IIff  yyeess,,  iiss  yyoouurr  bblloooodd  pprreessssuurree  uunnddeerr  ccoonnttrrooll??      YYeess        NNoo  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  ccllaauussttrroopphhoobbiiaa  oorr  aannxxiieettyy  aattttaacckkss??  DDooeess  iitt  bbootthheerr  hhiimm//hheerr  ttoo  bbee  eenncclloosseedd  iinn  

aannyy  wwaayy??    

    YYeess      NNoo  

  

WWeeiigghhtt    ____________llbb        ____________  kkgg    HHeeiigghhtt    ____________________  ((fftt    iinn))  ____________________  ((ccmm))  

  

BBRRAAIINN  SSTTUUDDIIEESS  
FFOORR  SSOOMMEE  SSTTUUDDIIEESS  --  MMUUSSTT  HHAAVVEE  GGOOOODD  HHEEAARRIINNGG  aanndd  EENNGGLLIISSHH  MMUUSSTT  BBEE  

FFIIRRSSTT  LLAANNGGUUAAGGEE..  

HHeeaarriinngg  iimmppaaiirrmmeenntt::            YYeess          NNoo    VViissuuaall  iimmppaaiirrmmeenntt::            YYeess        NNoo  

EEnngglliisshh  iiss  ffiirrsstt  llaanngguuaaggee::                    YYeess          NNoo    HHaannddeeddnneessss::        RRiigghhtt  LLeefftt  

  

LLeevveell  ooff  EEdduuccaattiioonn            ______________________________  

  

  

DDooeess  yyoouurr  cchhiilldd  hhaavvee  aannyy  mmeeddiiccaall  pprroobblleemmss,,  ppssyycchhiiaattrriicc  pprroobblleemmss  oorr  cchhrroonniicc  iillllnneesssseess??  

  

AAuuttiissmm  SSppeeccttrruumm  DDiissoorrddeerrss        FFeettaall  AAllccoohhooll  SSppeeccttrruumm  DDiissoorrddeerrss          AAtttteennttiioonn  DDeeffiicciitt  

DDiissoorrddeerr      

  

OOtthheerr::  SSppeecciiffyy  ______________________________________________________________________  

  

AAvvaaiillaabbiilliittyy  ffoorr  ssttuuddiieess    MMoonn  ––  FFrrii  ddaayyss                    MMoonn  ––  FFrrii  eevveenniinnggss                          WWeeeekkeennddss  oonnllyy  
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Appendix F 

 

INTAKE FORM 
Research ID#:  ________________        Research Group: ____________________ 

 

 

I.  General Information 

 

Child’s name: _________________________________ 

 

Birthdate:  D                 M                 Y                  

 

Age                  

 

Gender:  Male     Female   (circle) 

 

Legal Guardian:          mother           father          other (name):  ____________________ 

 

Address:  ____________________________________________________________ 

     Number and Street      

City: _________________  Province: ____________  Postal Code: ____________ 

Home Tel:                                 Cell #  ________________  Work #: _____________ 

 

II. Medical Information 

 

Child’s current medications and dosage: 

 

Medication: Dosage: 
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III. School Information 
 

Did the child attend nursery school or a preschool program? [  ] YES  NO [  ]   

 

If so, give the age started:            

 

At what age did the child begin kindergarten?           If she/he began later than age six, why?   

  

  

 

Has the child ever been held back in one or more grades? [  ] YES  NO [  ] 

 

lf so, which grades?   

 

Why?   

 

What grade is the child in currently?  _______________________________ 

 

Is the child in a special education classroom? [  ] YES  NO [  ] 

 

If so, what kind?   

 

When was the child placed there?   

 

Does the child receive any special services in school (resource room, tutoring, remedial reading, speech, 

etc.)? [  ] YES  NO [  ]  

 

If yes, what services?   

  

  

 

IV. Psychological Information 

 

Has the child been tested by a school psychologist or another psychologist?  [  ] YES  NO [  ]   

 

When was the testing done?  ______________  

 

Do you have a report outlining the findings of the evaluation?  [  ] YES  NO [  ]   

 

Has the child been given have any of the following diagnoses? 

 

Attention Deficit/Hyperactivity Disorder (ADHD)   [  ] YES  NO [  ]   

Learning Disability [  ] YES  NO [  ]   If yes, in which academic subject(s): ________________ 

Bipolar Disorder    PDD [  ] YES  NO [  ]   

Conduct Disorder   [  ] YES  NO [  ]   

Oppositional Defiant Disorder (ODD)   [  ] YES  NO [  ]   

Pervasive Developmental Disorder (PDD) or Autism Spectrum Disorder (ASD)  [  ] YES  NO [  ]   

Other?  _______________________________________________ 
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Consent to obtain psychological report and medical records signed by caregiver ?   [  ] YES  NO [  ]   

In this study we try to find out which areas of the brain are affected when someone’s mother 

drinks alcohol during her pregnancy. We are then comparing the results from children with 

ARND (Alcohol Related Neurodevelopmental Disorder) to children with ADHD and healthy 

controls. The following questions will help us screen for possible prenatal alcohol exposure in our 

control groups and will be asked during an initial screening phone call.  

 

You will be asked to answer the following questions to the best of your 

ability. 
 

1. Are you the biological parent of this child?  YES          NO 

(If yes go on to question 3. If no, answer next question). 

 

2. If you are not the biological parent of this child, do you have knowledge of the 

pregnancy and the biological mother’s use of alcohol? 

YES          NO 

( If yes, continue to question 3. If no, stop here.) 

 

________________________________________________________________ 

 

3. Before you (or the birth mother) became pregnant, how often did you (she) 

consume alcohol on average?     ________ time(s) per week     _______ time (s) per 

month 

 

4. During these times how many alcoholic drinks did you (or the birth mother) 

consume at one time, on average?   

Please circle the amount of alcoholic beverages consumed on average    

1-2       

2-3 

3-4 

4-5 

5 or more 

 

5. At how many weeks into the pregnancy did you (or the birth mother) find out 

about the pregnancy?           ________weeks 

         ________I do not remember/I do now know 

 

 

6. Is there a possibility that you (or the birth mother) consumed alcohol during the 

time between conception and learning about the pregnancy?         
  

YES  NO           I do not know 

 

7. Did you (or the birth mother) continue to consume alcohol after learning about 

the pregnancy? 

 

YES  NO  I do not know  
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Appendix G 

 

________________________________________________________________________ 

    ARND   ADHD   TD 

________________________________________________________________________ 

FSIQ  Mean  73.39   96.55   107.81 

  SD  (11.808)  (16.866)  (13.083) 

  Max  89   122   135 

  Min  58   63   89 

 

VCI  Mean  73.83   103.65   111.24 

  SD  (12.287)  (22.172)  (13.412) 

  Max  89   140   140 

  Min  45   69   91 

 

PRI  Mean  88.78   104.25   109.05 

  SD  (13.665)  (15.468)  (11.796) 

  Max  107   126   134 

  Min  60   70   91 

 

WMI  Mean  68.35   89.80   100.86 

  SD  (16.283)  (12.280)  (12.654) 

  Max  100   111   127 

  Min  50   68   83 

 

PSI  Mean  78.74   86.25   100.81 

  SD  (13.209)  (15.871)  (17.078) 

  Max  103   106   133 

  Min  56   50   68 

_____________________________________________________________________
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