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The aim of this study was to further examine the relationship between anxiety, 

inhibitory control (IC), and brain functioning (electroencephalogram) in a critical age-

range for social and emotional development (8-12-year-olds). Depression was a 

secondary focus but was included in the analyses given the common anxiety/depression 

overlap. Additionally, the participants (N = 42) were assigned to 4 weeks of either an 

emotional training program (Emotional gFocus), a neutral training program (Neutral 

gFocus), or a waitlisted control and were tested using cognitive, neurophysiological, and 

mood measures. Hierarchical regression models revealed that IC accuracy scores were 

significantly and negatively related to anxiety levels as indicated by the Screening For 

Child Anxiety Related Disorders (SCARED), as well as depression levels (using the 

Child Depression Inventory (CDI)), controlling for age and gender. Additionally, 

increased resting-state right lateral frontal alpha asymmetry was predictive of increased 

anxiety as well as depression levels. To evaluate the intervention effects, a series of 
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Multivariate Analyses of Covariance (MANCOVA) and contrast tests were conducted to 

determine if group differences existed from pre-to-post for any of the measures of 

interest. Overall, the emotional and neutral training conditions showed similar reductions 

in anxiety and depression compared to the waitlist condition. Both the emotional and 

neutral conditions also facilitated significant improvements in IC accuracy compared to 

the control. Minimal pre-to-post power and asymmetry changes occurred in frontal and 

parietal regions; however, a lateral frontal leftward activity shift was found in the 

emotional training group. These findings further demonstrated a relationship between IC 

and anxiety and showed preliminary evidence that training IC has the potential to 

mitigate negative emotional functioning in adolescents. Future research is necessary to 

determine the importance of emotional training versus neutral as well as whether longer 

training intervals will be needed to facilitate a long-term impact.
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INTRODUCTION 

 Societal anxiety levels in the U.S. have risen in recent years and have particularly 

intensified in youth demographics (Lagoe & Atkin, 2015). Given the predominately 

adverse influence of anxiety on social, psychological, and cognitive functioning; early 

prevention, management, and quality treatment plans are critical topics of modern 

research (Dadds & Roth, 2008). Traditional treatments of anxiety and depression 

including cognitive-behavioral therapy (CBT) and psychiatric medications are somewhat 

successful in alleviating adult symptoms, however they are financially exigent and have 

yielded some mixed results in children (Storch & McKay, 2013, Anderson et al., 2012). 

Medications are also implicated with various side effects (insomnia, irritability, loss of 

creativity), and in some cases are a liability for causing addiction (Jureidini et al., 2004; 

Haddad, 1999). Therefore, discovering appropriate means for reducing childhood anxiety 

and depression which are affordable and accessible is paramount. 

Anxiety involves strong cognitive influences, which are both explicit (obsessive 

thought processes and ruminations) as well as implicit (negative processing bias and 

reduced cognitive control) in nature (Hallion et al., 2017). Devising treatment programs 

which target underlying cognitive deficiencies related to anxiety may be a promising 

method for attenuating symptoms (Joormann & Vanderlind, 2014) and reducing risk in 

children. Past literature has shown an associative pattern between negative emotionality 

symptoms and impairments in executive functioning (EF), particularly inhibitory control 

(IC) and working memory (WM) (Karbach & Unger, 2014; Vilgis et al., 2015). This is 
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unsurprising given that EF and related neural circuitry in the prefrontal cortex 

strongly mediate emotional regulation and stress management (Gray et al., 2012), two 

abilities that are typically impaired in anxiety.  

Executive functioning broadly refers to a set of mental or cognitive abilities 

driven by the PFC that enable an individual to solve current tasks, plan for the future, and 

exhibit appropriate social behaviors. According to Miyake et al. (2000) executive 

function is best accounted for by three individual yet correlated factors; inhibitory 

control, working memory, and shifting (mental flexibility). In adult samples, WM and 

especially inhibitory control deficiencies have been associated with high levels of anxiety 

and/or worrying, while less is known regarding the influence of the shifting component 

(Hallion et al., 2017; Price & Mohlman, 2007; Bredemeier and Berenbaum (2013). It 

remains unclear whether high anxiety leads to EF deficiencies or if these constructs occur 

in conjunction due to underlying brain circuitry commonalities. Additional research is 

needed to replicate and advance these findings in children and adolescents. 

Moran (2016) provided hypotheses to explain the mechanisms by which working 

memory and inhibitory control deficiencies may influence pathological anxiety. 

Explicitly, inhibitory control or “cognitive control” is necessary to suppress negative 

thought patterns as well as ruminations (excessive thought about a certain threat or 

stressor) which can manifest into prolonged anxiety. Implicitly, a lack of inhibition in the 

processing of emotional stimuli can lead to an amplified anxious response, especially to 

content evoking negative emotionality. In addition, working memory involves focus and 

sustained attention, skills that activate the dorsolateral prefrontal cortex (DLPFC). Given 

that the DLPFC also mediates stress management and emotional processing (Vytal et al., 
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2012), enhanced WM may be related to stronger and more efficient synaptic connectivity 

in this region, subsequently leading to a boosted top-down control of emotions. 

Additional research is needed to confirm these possibilities and to understand the exact 

mechanisms connecting emotional functioning and EF (Koster et al., 2011).  

In recent years, various brain-training methods have been developed aiming to 

improve EF and strengthen corresponding PFC circuitry (Draganski & May, 2008). Such 

methods have been fueled by the concept of neuroplasticity, or that many aspects of 

neurological functioning remain malleable in life. Computerized “brain games” have 

become widely distributed through popular websites like Lumosity, Elevate, and CogMed 

(Apter, 2012). Research evaluating the effectiveness of such training has yielded mixed 

results, with some studies reporting cognitive improvements, often depending on the 

length, adaptivity, and type of training (Melby-Lervag & Hulme, 2013; Nouchi et al., 

2013; Morrison & Chein, 2011). In certain investigations, computerized training of EF 

has led to reductions in mood-disorder symptoms, especially ruminations (Amir & 

Bomyea, 2011; Sari et al., 2016). Amir and Bomyea (2011) as well as Cohen et al. (2015) 

have concluded that in order to yield success it is essential for training programs to 

encapsulate elements of inhibitory control.  

To optimally train the emotional aspects of cognitive control as well as brain 

areas involved in the top-down control of emotions (DLPFC, cortico-limbic), it may well 

be necessary to comprise tasks with emotional stimuli or distractors (Moon & Jeong, 

2015). Preliminary evidence in adults from both Iacoviello et al. (2014) and Schweizer et 

al. (2013) has shown that computerized trainings with emotional stimuli facilitate a larger 

reduction in symptoms of anxiety and depression compared to identical training 
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approaches using neutral stimuli. It is important to further explore such training and 

evaluate its potential in child samples. It is anticipated that effects in these early years 

could be enhanced due to the occurrence of rapid neurocognitive development, which is 

largely focalized to the PFC (Selemon, 2013).  

The current study focused on preadolescent children (8-12-year-olds), which is a 

critical age-span for combating anxiety that can manifest into a clinical condition 

(Hannesdóttir et al., 2010; Baving et al., 2002). The primary aim was to further study the 

association between anxiety symptoms, IC ability, and neurophysiology measures at the 

baseline time point. The secondary aim was to examine the effects of a four-week (16 

session) emotional executive training program (gFocus) that concentrates on inhibitory 

control ability. In addition to assessing mood symptoms and cognitive ability pre- and -

post training, this study is unique in that resting-state brain activity outcomes were 

examined using electroencephalogram (EEG). Anxiety has consistently been related to a 

pattern of right frontal alpha asymmetry (Tomarken & Davidson, 1994, Zhou & Liu, 

2017); thus, a leftward shift of frontal brain activation would reflect a reduction of 

anxiety occurring at the neurophysiological level. Before the current study is outlined it is 

important to first review past findings relating to EF, anxiety, electrophysiology, and 

comparable training programs.  

Anxiety Statistics and Prevalence in Childhood (18 and Under) 

If left unchecked excessive levels of stress and worry can manifest into 

pathological anxiety which adversely impacts elements of psychological and physical 

health (Robinson, 1990). Anxiety is related to shyness, nervousness, and complete social 

withdrawal in extreme cases (Bartz et al., 2011). According to the Anxiety and 
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Depression Association of America (ADAA), anxiety disorders affect 31.9 percent of 

children between 13 and 18 years old (38 percent for females and 26.1 percent for males). 

Depression is similarly more common in female youth compared to males and is 

estimated to effect 2 to 5 percent of children ages 6 to 12 and 6 to 10 percent of children 

ages 12 to 17. An alarming statistic is that only 20 percent of children with anxiety and 

40 percent of children with depression will receive any means of treatment (ADAA, 

2013); highlighting a vital need for more accessible and far-reaching intervention 

implementation. 

It is well-documented that the middle-school and adolescent years are a peak time 

for feelings of anxiety (van Oort et al., 2009; Baving et al., 2002), particularly in domains 

of school and social anxiety. Certain epidemiological studies have shown that Children 

aged 11 to 18 are nearly twenty percent more likely to meet criteria for diagnosis 

compared to adults (18 and over) (Merikangas et al., 2010). According to Bandelow and 

Michaelis (2015), 11 years is the median age for the manifestation of anxiety disorders, 

however it is likely that negative emotional symptoms emerge even earlier on. 

Developmental research has shown that childhood anxiety is often onset by a 

combination of genetic and environmental factors (Murray et al., 2009), such that 

children of parents with a temperamental style of behavioral inhibition or negative 

information processing biases are at a significantly greater risk. Additionally, children 

who experience numerous stressful life events prior to age five or those who have 

overprotective parents typically have higher prevalence rates (Phillips et al., 2005). Other 

environmental contributors include socio-economic status, family structure, and peer 

relationships (Rapee et al., 2009) 
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In adolescents, school demands, social competitiveness, conflict with parents, and 

increased opportunity for risk behavior represent substantial sources of stress that 

contribute to the heightened anxiety levels in this age-range (Cartwright-Hatton et al., 

2006; Arnett, 1999). According to Simon et al. (2014), cognitive behavioral therapy 

(CBT) and medication are the most common treatments of anxiety for all ages, yet there 

is strong evidence suggesting that such approaches are more catered to adults and are less 

successful in younger demographics. It is critical for research to explore the potential of 

alternative treatments for younger samples, not only to improve the quality of life in 

those affected, but also to counter the deleterious effects of early anxiety on 

developmental outcomes. 

Implementing treatment programs during the preadolescent years may be 

especially important for preventing pathological conditions throughout adulthood. 

Trajectory model-analyses have shown that children (aged 10) with higher-levels of trait 

anxiety are at a significantly greater risk for developing both anxiety and depressive 

disorders at age 17.5 years (Bosquet and Egeland, 2006). In addition, utilizing a large-

sample size (n = 9297) and a long follow-up period, Clark et al. (2008) reported that 

children with high levels of internalizing symptoms at ages 7 and 11 were 1.5 to 2 times 

more likely to have an anxiety or affective disorder at age 45. From a neurocognitive 

perspective, anxiety and depression may be more pervasive in adolescents due to the 

relatively immature and still developing prefrontal cortex (PFC). The rapid pruning and 

restructuring of the PFC circuitry during this time may leave an adolescent susceptible to 

poor decision making and a lack of emotional regulation skills needed to cope with the 

intensified or novel stressors that present at this age (Crone, 2009). In contrast to the 
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protracted development of the PFC, there is evidence that the amygdala reaches 

maturation in early adolescence (Selemon, 2013). The combination of the matured 

amygdala and immature PFC is problematic in that heightened emotional sensation may 

occur and carry heavy weight in the decision-making process, especially in the absence of 

mature regulatory abilities (Vijayakumar et al., 2017). This can lead to internalizing and 

externalizing issues (Lenroot & Geidd, 2006; Shaw et al., 2006).  

Brain Activity Measurements (Electroencephalogram) 

Brain activity measurements both at-rest and during stress-eliciting situations 

have been useful for revealing neural characteristics related to anxiety and depressive 

disorders. Electroencephalography (EEG) measurements were chosen for this study 

because there is compelling evidence of a neurophysiological profile associated with 

persisting anxiety (and depression); mainly right frontal alpha asymmetry (Hum, et al., 

2013; Nusslock et al., 2015). In addition, EEG is a non-invasive technique which does 

not require any x-rays, radiations, or injections and is becoming increasingly common in 

hospital and mental health care settings. In past studies, EEG has also been used as a tool 

for assessing the effectiveness of various interventions by comparing activity profiles 

before and after treatment (Moscovitch et al., 2011; Gollan et al. 2014; Oathes et al., 

2010).  

EEG power reflects total synchronous synaptic activity across the cortex,  

while asymmetry is indicative of differences in power values between the left and right 

hemispheres of a cortical region (Davidson et al., 2000; Ambrosini & Vallessi, 2016). 

Both power and asymmetry measures can be analyzed in various frequency bins of 

activation. In adults, lower-range frequencies are typically labeled delta (1-4 Hz) and 
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theta (4-7 Hz), which are often evident during deep-sleep or a state of drowsiness (Bell, 

2002). The middle-range frequency is alpha (8 to 12 Hz), which is commonly associated 

with a relaxed-state or baseline measurement. Higher-range frequencies such as beta (13-

35 Hz) and gamma (>35 Hz) are commonly observed when the brain is highly activated 

or aroused (Bell, 2002). The bandwidth numeric specifications are slightly different in 

young children than they are for adults; therefore, both low alpha (6 to 9 Hz) and high 

alpha (8 to 12 Hz) frequency bands are often examined in EEG studies with adolescents 

or preadolescents (Mitchell & Pössel, 2012; Hannesdóttir, et al., 2010).  

Neurophysiological Profile of Anxiety/Depression 

In children, adolescents, and adults, depressive and anxiety disorders are 

frequently associated with a pattern of right frontal alpha asymmetry (Jones & Field, 

1999; Davidson et al., 2000; Henriques & Davidson, 2000), indicating greater left than 

right power but greater right than left activation, due to the inverse relation of alpha 

power and brain activity. This pattern has also been observed in infants and young 

children reared by mothers who were prenatally depressed (Diego et al., 2004). Coan and 

Allen (2003) suggested that EEG data could serve as a diathesis-stress framework, in 

which an atypical pattern of resting frontal cortical asymmetry could be indicative of 

significant risk for the subsequent development of mood disorders. Similarly, left frontal 

asymmetry has been linked to approach behavior and positive affect, while right frontal 

asymmetry has related to withdrawal behavior and negative affect (Davidson et al., 1989; 

Diego et al., 2010). A meta-analysis from Thibodeau et al. (2006) observed similarly 

large effect sizes for studies examining clinically diagnosed subjects compared to those 

consisting of non-clinical subjects with high self-reported anxiety or depression. Still, 
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other studies have failed to find a relationship between frontal EEG alpha asymmetry and 

various mood symptoms (Harmon-Jones, Gable, & Peterson, 2010; Tomarken & 

Davidson, 1994), highlighting the need for further research with careful consideration of 

region and frequency.  

 At the cellular level, differences in frontal EEG asymmetries are hypothesized to 

arise from lateralized cortical and subcortical innervation by Neurotransmitter (NT) 

systems (Sutton & Davidson, 1997). According to animal studies, the primary NT 

involved in this process is dopamine. It is theorized that exposure to positive stimuli 

activates dopaminergic neurons in the right nucleus accumbens (NA), which causes a 

shift toward greater left frontal EEG asymmetry in typical humans (Davidson et al., 

2000). On the other hand, exposure to more negative stimuli or emotional disorders is 

theorized to cause increased activation of dopaminergic neurons in the left NA and thus 

greater values of right frontal EEG asymmetry (Besson & Louilot, 1995).  

Another proposed EEG marker of anxiety disorder is right posterior alpha 

asymmetry, specifically in temporal/parietal regions (Metzger et al. 2004; Bruder et al., 

1997), reflecting increased right hemispheric activity compared to left. Preliminary 

evidence has highlighted the utility of this metric in distinguishing EEG profiles that 

relate to anxiety versus depression, although more research is warranted. According to 

Nitschke (1998) anxiety and depressive disorders should manifest identical frontal 

asymmetry but opposite posterior asymmetry patterns, in accord with a two-factor stress-

model. In this model, an anxious apprehension component is unique to depression (right 

frontal, left parietal asymmetry), while anxious arousal is more pertinent to anxiety 

disorders (right frontal, right parietal asymmetry). Nitschke et al. (2006) found 
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confirmation for this hypothesis in a comparison of three adult groups: high anxiety no 

depression, high depression no anxiety, and a control. Right parietal hyperactivity in 

relation to anxiety could explain the heightened emotional sensation and processing often 

observed in this condition, while the association between right parietal hypoactivity and 

depression could account for common symptoms of apathy and anhedonia. Despite 

preliminary evidence, not all studies have supported the conclusions of Heller and 

Nitchske (Davidson et al., 1987; Reid et al., 1998). 

 Resting-state EEG power has also related to anxiety and depression in select 

investigations. Sachs et al. (2004) identified depleted theta, alpha, and beta values in 

frontal areas in a sample of adults with social phobia disorder. Demerdzieva (2011) 

studied the resting-state power of 30 preadolescent children diagnosed with generalized 

anxiety disorder (GAD) compared to a group of 30 age-matched control participants. The 

hallmark finding was that children with GAD showed depleted alpha, beta, and theta 

activity throughout the entire cortex, but especially in frontal and central regions. In 

contrast, Campbell et al. (2007) found that children and adults with non-comorbid social 

anxiety disorder had greater frontal alpha activity bilaterally when compared to controls. 

Overall, neurophysiological markers of negative emotionality may include resting-state 

right frontal alpha and posterior asymmetry, and possibly decreased activation across the 

entire cortex for various frequencies. It will be compelling to further explore the 

association between EEG measures and anxiety in the target age-range (8 to 12) as well 

as how this relationship is impacted by age and gender (Mitchell & Possel, 2007). It is 

important to note that given the higher mood disorder prevalence in females many of the 

reported results have occurred in predominately female samples (ADAA, 2013). It 
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remains unclear if the gender discrepancies in prevalence are due to biological factors or 

social factors, such as differences in symptom presentation or likeliness to report. It is 

also ambiguous whether EEG traits relating to anxiety are different for males and 

females, although neither Moscovitch et al. (2011) nor Adolph and Margraf (2017) found 

an influence of gender using equal group sizes of males and females. 

Can Interventions Alter Cognitive Processes and Related Neurological Activity? 

 Past research has utilized neurophysiology measures to evaluate the efficacy of 

interventions, an advantageous strategy to detect changes occurring at the biological level 

that are not captured using self-report instruments (Peeters et al., 2014). Much attention 

has been devoted to cognitive behavioral therapy (CBT), a classic approach to treating 

mood disorders. Examining adults with social anxiety disorder, Moscovitch et al. (2011) 

found that 6-weeks of CBT successfully lowered symptoms of anxiety and led to a shift 

of more symmetrical frontal brain-activity. In contrast, Gollan et al. (2014) found that 

several weeks of cognitive behavioral therapy (behavioral activation) led to a reduction of 

mood symptoms but no reduction in mid or lateral frontal EEG alpha asymmetry. The 

lack of alteration in frontal asymmetry may indicate an increased likelihood for the re-

emergence of symptoms (Gollan et al., 2014).  

Clinicians and psychologists have also tested the utility of holistic treatment 

approaches such as mindfulness, massage therapy, and more recently neurofeedback. 

Moynihan et al. (2013) tested the effectiveness of an eight-week mindfulness-based 

intervention on subsequent mood symptoms and brain-activity in individuals with 

depression. They found that the intervention successfully reduced baseline mood 

symptoms, caused a leftward shift of frontal alpha asymmetry, and improved 
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performance on a shifting executive function task. In contrast, Zhou and Liu (2016) 

found that following 8-weeks of a mindfulness-based intervention, participants showed 

reductions in alpha asymmetry but no alterations in baseline mood symptoms  

 Both Field et al. (1998) and Jones & Field (1999) found that emotional, brain-

activity, and physiological aspects of depression could be ameliorated following one 

treatment session of music or massage therapy. Field et al. (1998) administered a music 

therapy session consisting of 20 minutes of positive, rock-and-roll music to adults with 

major-depressive-disorder. Following the treatment session, participants displayed more 

symmetrical frontal alpha activity (moving leftward) as well as lower levels of cortisol 

via saliva sample. Jones & Field (1999) highlighted similar positive effects for two 

groups given either 20 minutes of massage or 20 minutes of music therapy. Again, 

asymmetry scores shifted leftward, but self-report symptoms of depression remained 

stable across treatment. 

 Neurofeedback (NFB), in which a patient attempts to alter their resting-state brain 

activity patterns, is a newer approach to treating mood disorders that directly targets brain 

functionality. To ensure validity, neurofeedback studies must show double disassociation, 

meaning that brain activity can be altered in the desirable direction or the undesirable 

one. Peeters et al. (2014) found that brain activity could be modified in just one session 

but noted that effects were no longer present 30 minutes after treatment. In Abbasi et al. 

(2018) longer durations of training (12 sessions, 6 weeks) proved to be an effective 

method for reducing anxiety two weeks following the training. The protocol consisted of 

simultaneous increases in frontal alpha and theta power. Similarly, Baehr et al. (2001) 
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found effectiveness in an NFB protocol designed to regulate the common pattern of right 

frontal alpha asymmetry.  

To conclude, existing treatments have proven effective at least short-term, 

however there is still a necessity for options that are easily accessible for children and 

adolescents. Despite the link between anxiety and impaired cognitions (EF) few studies 

to date have explored EF training or emotional EF training as interventions for behavioral 

and physiological aspects of anxiety. 

Executive Functioning: Working Memory and Inhibitory Control 

Miyake (2000) was the first to demonstrate that there is overlap (unity) and 

uniqueness (diversity) between the three main subcomponents of EF (inhibitory control, 

WM, shifting). It is important to identify these dissociable characteristics to better 

understand which specific factors are contributing to EF impairments, and could therefore 

be targeted with intervention or educational plans. Prior investigations have identified 

executive function deficiencies related to anxiety, especially for the IC and working 

memory domains (Bomyea & Amir, 2011). 

Inhibitory control is defined as the ability to suppress an initial predominant 

response or action in favor of a more optimal response (Best & Miller, 2010). Inhibition 

can be either simple (avoiding a response) or complex (avoiding a response and 

implementing a more ideal action or behavior). Additional research has made a similar 

distinction between automatic and effortful inhibition (Howard, Johnson, & Pascual 

Leone, 2014). Simple inhibitory tasks have been measured in laboratory settings using 

the stop-signal task or the go/no-go task. On the other hand, complex inhibitory skills are 

better captured using the Stroop paradigm or the antisaccade task which require 
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suppression of an initial response in favor of a targeted action (Steinburg et al., 2008). 

Utilizing functional magnetic resonance imaging (FMRI), studies have shown that 

successful inhibition relies heavily on the ventrolateral prefrontal cortex (VLPFC), the 

anterior cingulate cortex (ACC), and connections from these regions to the striatum 

(Durston et al., 2002). In this regard, the prefrontal regions act as an executive control in 

moderating motor response or action in the striatum (Best & Miller, 2010; Zelazo & 

Carlson, 2012). This construct has been critically implicated in not only self-control, but 

also academic achievement, behavioral modification, and emotional regulation (Howard, 

Johnson, & Pascual Leone, 2014).  

Working memory (WM), the other executive trait that has been associated with 

anxiety is a system for temporarily storing and managing the information required to 

carry out complex cognitive tasks such as learning, reasoning, and comprehension 

(Baddeley, 2010). Working memory has been critically implicated in general academic 

achievement (Alloway et al., 2009; Minear & Shah, 2006) as well as improvements in 

specific subjects such as arithmetic and reading comprehension. Baddely and Hitch 

(1974) introduced a conceptual model for working memory which includes three 

components: the central executive, the phonological loop, and the visuospatial sketchpad. 

In this model, the central executive serves as the control center and allocates attention 

towards phonological or visuospatial components. The central executive system is also 

responsible for filtering out irrelevant information while storing information deemed 

important for problem solving. The phonological loop stores language information that is 

often maintained through a rote rehearsal loop. The other system, the visuospatial 

sketchpad stores mental images and spatial information which can be used for navigation 
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and creating mental maps (Baddely & Hitch, 2000). Following this framework, WM if 

often categorized into verbal WM and visuospatial WM, with a central executive system 

controlling both. Different tasks used to measure WM may capture more of one element 

versus another, but often both are enmeshed to some degree (Alloway et al., 2009). In all 

instances, research has revealed that working memory task completion relies heavily on 

prolonged prefrontal activation; which serves as the central executive for sustaining 

attention to information stored in various posterior cortical regions, depending on the 

involved sensory modality (D'Esposito et al., 1995; Baddeley, 2010).  Laboratory tasks 

used to assess WM include the backward digit-span task, the n-back task, and the delayed 

match-to-sample paradigm, among others (Jurado & Rosselli, 2007). 

Emotional Executive Functioning (Hot EF) 

Executive functioning is also often characterized as emotional or “hot EF” as well 

as non-emotional or “cool EF” (Prencipe et al., 2012). These two components are 

moderately correlated but appear to be unique as they are often associated with 

differential developmental implications in domains of academic achievement, social 

functioning, and psychological well-being (Zelazo & Carlson, 2012). Cool components 

of EF consist of skills that are demonstrated during the completion of structured 

laboratory tasks that typically do not evoke emotional systems of processing (Zelazo & 

Carlson, 2012). Interestingly, it remains unclear whether the results of these cool tasks 

exemplify one’s ability to utilize executive functioning in daily-life or during complex 

decisions where rewards, consequences, and trade-offs are involved (Diamond, 2013). On 

the other hand, “hot” or emotional EF may be more representative of an individual’s 

ability to use EF skills in high-stake situations such as resisting the temptation to use 
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drugs or alcohol, in completing a critical academic exam, or in coping with stressful life 

events (Kerr & Zelazo, 2004). Although it has been more challenging to devise hot EF 

tasks for research, a common method is the Iowa Gambling Task, where participants 

must learn the optimal strategy to maximize their total cash-gain (Kerr & Zelazo, 2004). 

A related study from Prencipe et al. (2012) utilized this measure and found that 9-year-

old children performed significantly worse than 16-year-old children, illustrating the 

likeliness that emotional EF continues to improve through adolescence. In younger 

samples, hot EF has also been assessed using the delay of gratification task or an 

emotional version of the Stroop paradigm (Best & Miller, 2010). De Voogd (2016) and 

others have hypothesized that by administering traditional EF tasks (Go/No-Go, Stroop, 

Stop-Signal) with emotional stimuli (i.e. faces/words) elements of hot EF can be 

adequately captured or trained, along with emotional EF brain circuitry. The unique 

construct of hot EF is further supported by studies investigating orbitofrontal cortex 

lesions, a brain region involved in the reappraisal of the affective significance of stimuli 

(Rolls et al., 2004; Zelazo & Carlson, 2012). Eslinger et al. (2004) demonstrated that 

patients with orbitofrontal damage had considerable emotional issues in their daily lives 

and struggled on the Iowa Gambling Task; however, they were unimpaired on a 

traditional Wisconsin card sorting task.  

Anxiety Disorder and Inhibitory Impairment 

Inhibitory control impairment is hypothesized to be a cognitive mediator of 

anxiety through both explicit and implicit mechanisms. The explicit theory of generalized 

anxiety disorder (Moran, 2016) explains that the manifestation of anxiety occurs in part 

due to the inability of individuals to effectively recognize unrealistic or overly critical 
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thinking patterns (ruminations) and suppress them. This theory has been applied to other 

forms of anxiety including social (inability to regulate social and/or appearance fears) and 

panic disorder (inability to regulate fears of a public panic attack) (Geiger et al., 2016, 

Moran, 2016). Implicit theories such as the attentional control theory, imply that 

individuals who struggle with anxiety will be more distracted or interfered by input in the 

environment (Derakshan & Eyesenk, 2009). The antisaccade task, where one is instructed 

to direct eye gaze in the opposite direction of a cued stimuli has been useful for studying 

such theories. Adults with anxiety have shown longer latencies on antisaccade trials, with 

no group differences occurring on prosaccade trials (Ansari & Derakshan, 2010). Follow-

up work found that this impairment was linked to depleted frontoparietal activity 

immediately preceding the stimuli (Ansari & Derakshan, 2011). Price and Mohlman 

(2007) found decreased Stroop task performance in elderly adults with GAD, but in 

contrast, found increased reaction times compared to controls.  

It remains possible that general executive functioning impairments exist in 

relation to anxiety. Baving et al. (2002) found that children with anxiety disorders scored 

lower on a general executive function battery capturing various facets of attentional and 

cognitive control. In addition, Whitmer and Banich (2007) found that college students 

with increased daily ruminations struggled on a task combining inhibitory control and 

working memory elements. Anxiety-related impairments in EF are also pronounced in 

tasks with emotional content or distractors. Yoon et al. (2017) assessed two groups on a 

reading-span WM task with both neutral and emotional distractors. One group consisted 

of adults with GAD, and the other was a group without any psychological conditions. 

They found that individuals with GAD struggled on the reading span task, and effects 
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were intensified when the words were designed to evoke emotional response (Yoon et al., 

2017).  

Moon and Jeong (2015) found that adult Patients with GAD showed heightened 

hippocampal activity and decreased EF circuitry activity (superior occipital gyrus, 

superior posterior gyrus, dorsolateral prefrontal cortex) when performing a delayed 

match-to-sample WM task with emotional distractors, while FMRI was recorded. 

Performance accuracy was also reduced in the patients. Additional studies have identified 

anxiety-related activity alterations in the amygdala, medial prefrontal cortex, 

ventrolateral prefrontal cortex, and the dorsolateral prefrontal cortex during working 

memory tasks with emotional distractors (Price et al., 2011; Ball et al., 2013). Notably, 

all studies were conducted with adult participants. 

Executive Function Training as a Treatment for Anxiety 

Given the evidence that EF improvements are possible through certain training 

regimens (Shipstead et al., 2012), the question addressed by this study is whether such 

improvements can facilitate reductions in anxiety as well as depressive symptoms.  Early 

investigations have yielded some promising results in adult samples. Sari et al. (2016) 

assessed the impact of a 3-week daily dual n-back training and found improvements on 

an inhibitory control measure (flanker task) as well as reductions in self-reported anxiety 

in young adults. In addition, Siegle et al. (2014) found that clinically depressed adults 

given a 2-week cognitive control training (Paced Auditory Serial Addition) had 

significantly fewer ruminations and outpatient services then a group given treatment as 

usual (TAU). Bomyea and Amir (2011) investigated a working memory training and 

ruminations in undergraduate students. In a direct comparison between WM training with 
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high-inhibition and low-inhibition, there was a significantly greater reduction of intrusive 

thoughts in the group trained with high inhibitory demands. Similarly, Cohen et al. 

(2015) showed training related gains on state rumination using a delayed match-to-

sample training task that emphasized inhibition (frightening images during delay).  

Still, certain studies using computerized training programs have not observed any 

reductions in anxiety, depression, or ruminations (Onraedt and Koster, 2014; Wanmaker 

et al., 2015). Targeting the emotional aspects of cognitive control as well as related brain 

areas (DLPFC, cortico-limbic), may ultimately be a more effective training approach. To 

accomplish this goal, it is recommended to train executive functioning with emotional 

stimuli (faces, words) or any type of distractor that evokes emotion (De Voogd et al., 

2016). Promising evidence has emerged from both Schweizer and colleagues, as well as 

Iacovielli et al. (2014). Schweizer et al. (2013) found a reduction of trait anxiety and 

social anxiety resulting from an emotional dual n-back (WM) training given to 

participants aged 23 to 25 years, for 20 days in total. Iacoviello et al. (2014) administered 

a comparable task referred to as the emotional faces matching task (EFMT) to adults with 

major depressive disorder, and found that following 8 sessions of training the EFMT led 

to a greater reduction in depressive symptoms than a neutral control with shape stimuli.  

Current Study 

It is advantageous to extend this line of research to preadolescents (8-12 years); 

an age-range that presents with high levels of anxiety and depression (Simon et al., 

2014). Many of the aforementioned tasks (i.e. dual-n-back, EFMT) are geared towards 

adult samples, therefore in this study we administered the gFocus training app 

(deBettencourt et al., 2015) which is comparable to a go/no-go paradigm featuring 
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emotional content. Thus, the primary aim of the current study was to explore the 

association of anxiety, IC, and resting-state electroencephalography in preadolescents; 

the secondary goal was to assess the effects of IC training (emotional gFocus) on these 

measures. Participants included three groups of non-clinical, preadolescent participants 

aged 8 to 12. The first group (A) was given four weeks of the emotional gFocus training; 

the second (B) was given an identical four-week gFocus training with neutral facial 

expressions, and the third (C) was waitlisted for the training. Participants in groups A and 

B were given 16 sessions of training over the course of 4 weeks (four days weekly). A 

meta-analysis from Shipstead et al. (2012) concluded that EF training should persist for at 

least 3 weeks or 8 hours in total for best effects. The pre- and post-training assessments 

consisted of measures designed to assess anxiety, depression, emotional affect, and 

executive functioning. 

Hypothesis 1: Baseline Associations of Targeted Variables 

A significant association between anxiety and inhibitory control accuracy and time was 

anticipated, with similar results occurring for depression and IC accuracy/time. Thus, it 

was expected that increased anxiety and depression would relate to decreased IC 

accuracy but increased IC processing time (Eyesenk et al, 2007).  Additionally, we 

predicted that anxiety would be associated with right frontal alpha asymmetry, right 

parietal alpha asymmetry, and reduced frontal alpha activity. Finally, no hypotheses were 

generated for the exploratory models with right frontal alpha asymmetry as a mediator 

between anxiety/depression and IC. 

Hypothesis 2: Training Effects on Self-Report Anxiety/Depression and Parent-Report 

Anxiety 
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It was expected that participants in the emotional gFocus training would demonstrate a 

significant reduction in anxiety and depressive symptoms (both child and parent-

reported) following the intervention. Also, that reductions in this group would be larger 

compared to participants given the neutral training. We hypothesized that participants in 

the emotional gFocus would also show the largest gains in positive affect and largest 

decreases in negative effect. It was expected that the neutral training condition would also 

show reductions in negative emotionality compared to the waitlist control.  

Hypothesis 3: Training Effects on Inhibitory Control & Working Memory  

It was hypothesized that participants assigned to the emotional gFocus and neutral 

gFocus training programs would show significant improvements in IC and WM 

performance following the four-week training relative to the waitlist condition. Similar 

EF tasks have been effective in increasing the executive function abilities of adolescents 

and adults; along with transfer effects to other cognitive abilities (Jaegi et al., 2008).  

Hypothesis 4: Training Effects on Resting-State Neurophysiology 

It was predicted that the emotional training condition would demonstrate a significantly 

altered resting-state EEG profile relative to the other groups. Specifically, that they would 

demonstrate greater alpha activation, less right frontal alpha asymmetry, and less right 

parietal asymmetry following the intervention. Individuals in the neutral training group 

were also expected to display altered EEG change scores relative to the waitlist control, 

but to a lesser extent.  
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METHOD 

Participants 

 Participants at various schools near a South Florida university were sampled from 

fourth, fifth, and sixth-grade classrooms. Children who had been previously diagnosed 

with a developmental disorder, learning disability, or neurological condition (according 

to parent reports) were not included in the study. The participants consisted of 42, 8-12-

year-olds (22 females, 20 males) with an average age of 10.12 (SD = 1.25). A full 

summary of the demographic information including ethnicity, maternal education, and 

family income can be found in Table 1. Of the 42 participants, 32 completed the full 16 

training sessions, and therefore this sub-sample was used for all analyses related to the 

effects of training. The G* Power software version 3.1 (Faul et al., 2017) was used a 

priori to determine appropriate sample sizes for detecting significant effects with a power 

level (Cohen’s D) of .80 in the regression and MANCOVA analyses of interest with 

alpha set at .05 and the effect size at .80. The recommended sample size to detect 

significant effects in the baseline regression models was at least 29 participants, while a 

minimum of 10 participants per training condition was advised for the multivariate tests 

evaluating training effects. All participants were treated in-line with the ethical principles 

of the APA, and there was no risk of harm greater than normal classroom activities. All 

Participants received access to the gFocus training software from IQ Mindware on their 

computer or tablet, which is normally a $20-30 value. 
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Materials 

Experimental Condition: gFocus Emotional (Resilience)  

The emotional gFocus training program presents participants with a continuous 

stream of blended stimuli, consisting of an emotional expression (male or female) 

projected in either an indoor or outdoor setting. These blended images are generated by 

altering pixel intensities through various weightings (for example, 50% face, 50% scene). 

In each training block, the participant is instructed to focus on one of four cues related to 

the images (male, female, indoor, outdoor) and in a “go/no-go” style procedure, they are 

to press the spacebar when the desired cue appears and withhold response when it does 

not appear. Each training session is approximately 12-15 minutes and includes eight 

blocks in total. The cued word is presented for 1 second on screen followed by a series of 

50 trials (images) in each block, presented for 1 second with no inter-stimulus interval. In 

each block of training there are 75 percent go trials and 25 percent no-go trials; 

additionally, the training is adaptive in that the pixilation intensities change from trial to 

trial based on performance. When participants are showing high sustained attention 

accuracy, the proportion of task-relevant information in the stimulus is increased. In 

contrast, when they perform at a lower level the proportion of task-relevant information 

in the stimulus is reduced, intensifying the difficulty of the task. The task utilizes this 

closed feedback loop to reward participants with a stronger stimulus and simpler task for 

successfully maintaining sustained focus and inhibitory control, and to punish 

participants for decreased performance by providing a more concealed stimulus and 

difficult task. The emotional expressions serve as distractors to be inhibited for successful 

performance, and the task further demands IC because the subject must ignore distracting 
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aspects of the image and withhold the dominant response (“go”) on the no-go trials. This 

training may also target working memory, shifting, and other aspects of EF through 

attentional mechanisms (deBettencourt et al., 2015). The training paradigm is novel but 

theoretically based on the work of deBettencourt et al. (2015) who utilized a nearly 

identical training approach in college-aged participants for one session while recording 

fMRI. The researchers found that a 30-minute training session in adults led to increased 

resting-state activation in frontal and ventral temporal cortices, the basal ganglia (striatum 

and globus palladus), as well as the frontoparietal network. Additionally, significant 

improvements in behavioral performance were observed following the single session of 

training. The emotional version of the gFocus is hypothesized to train cognitive control in 

the presence of emotional content. Although this specific paradigm has only been 

validated in one study (deBettencourt et al., 2015), similar computerized training 

approaches have shown to successfully reduce attentional or cognitive impairments in a 

sample of adults with social anxiety disorder (Beard et al., 2011) as well a non-clinical 

adult sample scoring high on the Penn State Worry Questionnaire (Hayes et al., 2010). 

Control Conditions: gFocus Neutral (Traditional) and Waitlist  

The neutral gFocus training program also presents participants with a continuous 

stream of blended stimuli, consisting of a facial expression (male or female) projected in 

either an indoor or outdoor setting. Again, the participant is instructed to focus on one of 

four cues related to the images (male, female, indoor, outdoor) and in a “go/no-go” style 

procedure, they are to press the spacebar when the targeted cue appears and withhold a 

response otherwise. Most aspects of this task are identical to the emotional gFocus, 

however in this version all faces are neutral, eliciting no positive or negative valence. 
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Additionally, a third group of participants consisted of waitlist controls to allow for 

further evaluation of the program efficacy and the importance of the emotional 

component. 

Executive Functioning Assessments 

 The five computerized executive functioning tasks were administered using 

PsyToolkit (Linux software) as well as the Cognitivefun.net platform. From the 

PsyToolkit source (Stoet, 2010; 2017), a Stroop task as well as go/no-go task were 

administered, while the cognitivefun.net platform was utilized for a flanker task, a 

reverse digit span, as well as a reverse Corsi block test. For the two working memory 

tasks (reverse digit span, reverse Corsi block test), 5 practice trials were completed and 

then the individual was to continue with the task (starting from N = 3) until 3 consecutive 

mistakes were made at any given span. Following two correct trials in a row, the number 

of digits or spatial targets was increased one level (i.e. N = 4, N = 5). A percentage score 

was calculated for each participant’s accuracy and their highest reached digit or spatial 

span was recorded. The inhibitory control tasks (Stroop, flanker, go/no-go) consisted of 

100 trials, preceded by 5 practice trials. The dependent variables for these tasks included 

accuracy (calculated by number of correct trials) as well as average reaction time.  

Working Memory 

Backwards Digit Span: In this version of the backward digit span task, 

participants were presented with a random series of digits (e.g., '8, 3, 4') and instructed to 

immediately repeat them in reverse order. Following five trials (set at N = 3) the task 

begun and was continued until three consecutive mistakes were made. After two 

consecutive correct trials a longer list (i.e. '9, 2, 4, 0') was given. The procedure devised 
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in (Blackburn & Benton, 1957) was used here, including measuring accuracy in addition 

to highest span, as well as ceasing the task once three consecutive errors were made.  

The reverse Corsi block test was administered as the visuospatial analogue of the 

digit span test. In this task, white squares were shown, some of which briefly change 

color in a variable sequence. For each trial, nine randomly arranged white squares were 

shown on the screen. One by one the squares lit up in color, in a variable sequence and 

participants were instructed to remember the sequence. At the end of the presentation, 

participants were required to click each of the boxes that had lit up, but in the reverse 

order. This procedure replicates the original task outlined by Milner (1971) which has 

shown test-retest reliability more recently in (Monaco et al., 2013). This task also began 

at N = 3 (3 squares in sequence) and was continued until a participant made three 

consecutive errors. Following two correct trials in a row at a given level, the sequence 

was increased by one square. Both working memory tasks were administered through 

cognitivefun.net with the supervision of two research assistants. The cognitivefun.net 

platform has been used to test reverse digit span and reverse Corsi block performance in 

Xu et al. (2014), as well as Beaven and Ekström (2013). 

Inhibitory control 

The inhibitory control assessment included the go/no-go task, flanker task, and 

the Stroop task. In the go/no-go, stimuli were presented in a continuous stream and 

participants performed a binary decision on each stimulus. Participants were required to 

press the space bar in response to a green circle (go), whereas the other stimuli (red 

circle) required participants to withhold a response (no-go). Go events occurred 75 

percent of the time and no-go events occurred 25 percent of the time. Each signal 
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appeared for 2000 milliseconds and a valid response window was set to 0–2000 

milliseconds post stimulus onset. The accuracy across all trials was calculated and 

reaction time was calculated as the average time per trial. Only accuracy was used to 

gage IC ability because average time is more reflective of processing speed in this task 

(Rai et al., 2017). 

A variation of the original flanker task (Eriksen & Eriksen, 1974) was 

administered through the cognitivefun.net platform and is described below. Participants 

needed to respond to a target stimulus, an arrow head (> or <), by pressing the 

corresponding arrow on the keyboard with their left index finger if the stimulus was 

pointing left (<) or with their right index finger if it was pointing right (>). The target 

stimulus was always the center stimulus in a display of five or more stimuli. The flanker 

stimuli were either congruent with the target stimulus, (i.e. pointing the same way) or 

incongruent (i.e. pointing the opposite way) creating four trial types presented with equal 

likelihood (left congruent, right congruent, left incongruent, and right incongruent). The 

dependent measures for this task were overall accuracy across all trials and response 

time, which was calculated as (average incongruent RT – average congruent RT). 

In this version of the Stroop test (MacLeod, 1991) participants were instructed to 

indicate the color of ink that a word was written in while ignoring the connotation of the 

written word. Two different types of stimuli (congruent ink color, incongruent ink color) 

were presented along with four types of colors (blue, green, red, yellow). In this 

administration, 50 percent of the trials were incongruent (i.e. ink color does not match the 

word) and the other half were congruent (i.e. ink color matches the word). The dependent 
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measures were overall accuracy across all trials, as well as Stroop effect reaction time 

(average incongruent RT- average congruent RT).  

Mood Measures 

The Screen for Child Anxiety Related Disorders (SCARED) is a 41-item inventory 

rated on a 3-point (0-2) Likert-type scale (Birmaher et al., 1997). It comes in two 

versions; one asks questions to parents about their child and the other asks the same 

questions to the child directly. The purpose of the instrument is to screen for signs of 

anxiety disorders and symptomology in children. For all participants these forms were 

administered in-person by a trained member of the research team. The SCARED is 

comprised of five subfactors including panic/somatic, generalized anxiety, separation 

anxiety, social phobia, and school phobia (Birmaher et al., 1999), The total score and the 

five factor scores for both the child and parent versions have demonstrated good internal 

consistency (a =.74 to .93), test-retest reliability (intraclass correlation coefficients =.70 

to .90), discriminative validity (both between anxiety and other disorders and within 

anxiety disorders), and moderate parent-child agreement (r = .20 to .47, p < .001) 

(Birmaher et al., 1999). Higher scores are indicative of increased anxiety levels, and a 

total score of 25 or higher may indicate the presence of an anxiety disorder. In this 

sample, the parent-child agreement across items was moderately strong (r = .216 to .626, 

p < .001); still, both metrics were used to analyze the construct of anxiety.   

The Children’s Depression Inventory (CDI)-short version is a 10-item screening 

tool used to rate the severity of symptoms related to depression or dysthymic disorder in 

children and adolescents (Helsel & Matson, 1984). The CDI-short version has shown 

strong internal consistency (α =.78) and test-retest reliability in prior investigations (α = 
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.82) when compared to other instruments as well as the full version (r = .86, p < .01) 

(Allgaier et al., 2012). The CDI captures various elements of depressive disorder 

including negative mood, interpersonal problems, ineffectiveness, anhedonia, and 

negative self-esteem. Children rate themselves based on how they feel and think, with 

each statement being considered using a rating from 0 to 2. Higher scores are indicative 

of higher depressive levels and a cutoff score of 19 is recommended as a threshold for 

denoting clinical levels of depression (Helsel & Matson, 1984).  

The Positive and Negative Affect Schedule for Children (PANAS-C) was 

administered to assess a child’s disposition for positive emotionality versus negative 

(Laurent et al.,1999). The PANAS-C is a 30-item self-report scale that measures both 

positive and negative affect, as indicated by ratings of single words on a 1 to 5 Likert 

scale, according to their personal relevance. Scores can range from 15-75 for each 

subcategory with higher scores signifying greater amounts of positive or negative affect 

reported. This screening tool has yielded strong internal consistency and reliability, with 

Cronbach’s alphas reported as 0.94 for positive affect and 0.92 for negative affect, 

respectively (Laurent et al., 1999).   

EEG Measures 

 EEG was recorded for 6 minutes from pre-frontal (FP1, FP2), anterior frontal 

(AF3, AF4), mid-frontal (F3, F4), lateral frontal (F7, F8) as well as parietal (P3, P4) leads 

which were referenced to the vertex (Cz). Prior to the positioning of the stretch lycra caps 

(manufactured by Electro-Cap, Inc.) the circumference of the head was measured in 

centimeters, in order to fit the ideal cap size. Once positioned, omni-prep gel and 

electrode gel were inserted into each site in order to gently abrade and provide good 

conductance. Impedances were checked and deemed acceptable if they were less than 5K 
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ohms. Otherwise, the site was re-prepped, and the cap re-positioned until acceptable 

impedances were obtained. Eyes open data was collected and analyzed, and therefore the 

participant’s mother and research team were instructed to remain quiet during the 

procedure. 

The EEG signals were amplified using Grass Model 12 Neurodata Acquisition 

System amplifiers with filters set at 1 Hz high pass and 100 Hz low pass as well as a gain 

of 20,000, with 60 Hz notch filter on. Prior to data collection, the signal for each channel 

was calibrated using a 10 Hz sine wave. The analogue output from the amplifiers was 

then digitized at a sampling rate of 512 samples per second and digitized using 12-bit 

conversion (Analog Devices RTI-815 A/D board). The data were then streamed to a 

computer screen and saved to a hard disk using data acquisition software (Snapstream, v. 

3.21, HEM Data Corp. 1991). 

Data Reduction 

Prior to transformation and segmentation into frequency bins, data were cleaned 

using the Artifact Subspace Reconstruction feature of the EEGlab toolbox in Matlab, 

which utilizes principle component analysis (PCA) to reject continuous data that is 

outside of five standard deviations of the cleanest point of data (Mullen et al., 2015). The 

data were then submitted to a discrete Fourier Transform using a 4-second Hanning 

Window with 50% overlap via the Matlab signal processing toolbox software 

(Mathworks) and then segmented into low alpha (6 to 9 Hz) and high alpha (8 to 12 Hz) 

frequency bands. For each participant, these analyses produced average power density 

values for pre-frontal (FP1, FP2), anterior frontal (AF3, AF4), mid-frontal (F3, F4), 

lateral frontal (F7, F8) and parietal (P3, P4) sites within each frequency band.  Because 
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power values are typically skewed and leptokurtotic, it is precedent to use the natural 

logarithms of the absolute power values for data analysis. This pattern was confirmed in 

this data set and therefore natural log transformed values were used for all power and 

asymmetry analyses. EEG asymmetry scores for frontal and parietal sites were calculated 

by subtracting the right hemispheric regional power from the left hemispheric regional 

power for the given site (i.e. (Ln(F4) − Ln(F3) for mid-frontal). Due to the inverse 

relation of alpha power to activity, negative asymmetry scores reflected greater right than 

left activity, and positive scores reflected greater left then right EEG activity.  

Procedure  

All participants came to the research lab with their mothers for the initial baseline 

session where the pair was first consented, and then the participant’s mother was given a 

demographic form capturing information related to age, ethnicity, and socio-economic 

status (SES).  Next, three self-report instruments (SCARED-Child, CDI-short version, 

and PANAS-C) were completed by the child and one (SCARED-Parent) was completed 

by the mother. Following these questionnaires, the cognitive tests were administered in 

the same order for all participants as follows: reverse digit-span, reverse spatial-span, 

go/no-go, flanker, and Stroop. Lastly, resting-state EEG was recorded for 6 minutes in 

total and participants were asked to remain still and avoid speaking for the duration of the 

recording. At the end of the visit, participants were randomly assigned to one of three 

conditions (emotional gFocus, neutral gFocus, waitlist control), and the subsequent 

software was installed on their computer or tablet (both from IQ Mindware). A member 

of the research team assisted with the installation and set up a training profile and 

schedule that was consistent for each participant. They were instructed to complete the 
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training for a total of 16 sessions over the course of the four weeks, in-line with training 

recommendations from Apter (2012). Each training session was approximately 12-15 

minutes; therefore, the total time of training was approximately 4 to 5 hours. Participants 

were instructed that they should complete the training during the weekdays and give their 

child the weekend to rest and recover. Participants were asked to bring their computer 

back for the follow-up session so that the completion and duration of training could be 

confirmed by the research team. Following the 4-weeks of training, a follow-up 

appointment occurred for 32 of the 42 participants who successfully completed the 

training protocol. During this meeting the same measures from the baseline session were 

completed. At the conclusion of the study, participants provided feedback and were 

permitted to keep the program on their computer for future use.   

Data Analysis 

First, a series of hierarchical linear regressions were conducted to analyze the 

associations between anxiety, depression, inhibitory control, and resting-state EEG 

asymmetry at the baseline timepoint. In these models, age and gender were controlled for 

in step 1, and the key predictor variable of interest was entered in step 2. For these 

analyses, the five dependent variables capturing inhibitory control were submitted to data 

reduction via principle component analysis. To evaluate the effects of the IC intervention, 

multivariate analyses of covariance (MANCOVAs) were generated separately for self-

report mood measures (SCARED, CDI, PAS, NAS), working memory accuracy and span 

(digit span, digit span accuracy, spatial span, spatial span accuracy), inhibitory control 

accuracy (go/no-go, flanker, Stroop), and inhibitory control time. Thus, four 

MANCOVAs were generated. The multivariate and univariate effects were analyzed and 
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when appropriate, Tukey post-hoc tests were conducted to determine if group differences 

existed in the change scores from pre-to-post. Finally, two mixed-model ANCOVAs 

were generated to explore the effects of training condition and time on EEG low alpha 

and high alpha measures. Of the 42 participants enrolled at baseline, 32 completed the 

entire training program and therefore independent samples t-tests and chi-squared tests 

were used to determine whether any baseline factors altered the likelihood of completing 

the training.
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RESULTS 

Principle Component Analysis 

 For the regression models, the five dependent outcomes capturing inhibitory 

control (go/no-go accuracy, Stroop test accuracy, Stroop test time, flanker task accuracy, 

flanker task time) were submitted to a principle component analysis (PCA) with varimax 

rotation. Go/no-go time was not included given that this measure is more indicative of 

processing speed than IC ability (Rai et al., 2017). The factor analysis yielded 2 factors 

with eigenvalues > 1 and factor loadings > 5, which together accounted for 83.13 percent 

of the variance in IC performance. The first factor accounted for 52.18 percent of the 

variance and included high loadings for go/no-go accuracy (.938), flanker accuracy 

(.903), and Stroop accuracy (.929); thus, this factor was labeled “IC accuracy”. The 

second factor (labeled “IC Time”) accounted for 30.92 percent of the variance and 

comprised high loadings for Stroop test time (.869) and flanker task time (.869).  To 

simplify the analyses, factors IC accuracy and IC time were used for the baseline 

regressions. 

Hypothesis 1 (Baseline Associations of Targeted Variables)  

The first set of hierarchical regression models examined the predictiveness of IC 

accuracy and IC time (factors 1 and 2) on self-reported anxiety, parent-reported anxiety, 

and self-reported depression. In total, three models were conducted with each predictor 

(IC accuracy and IC time) and therefore, a Bonferroni-corrected alpha was used for 

rejection criteria (.05/3 = .017.)  The three emotionality variables were unsurprisingly all
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significantly correlated with one another, all p’s < .001, see Table 2. In each model, step  

1 (age and gender) was not significant nor were the coefficients of age or gender at step 1  

or 2 (see Table 3 for the full model summaries). 

The model predicting self-reported anxiety from IC accuracy yielded significance 

at step 2, F(3,38)= 3.49, p = .025, R²= .216, adjusted R² = .154; with IC accuracy as a 

significant predictor, B = -4.13, t(41) = -3.096, p = .004. Only the IC accuracy coefficient 

remained significant using the Bonferroni correction. Similarly, IC accuracy (at step 2) 

accounted for significant variation in parent-reported anxiety, F(3,38)= 8.14, p < .001, 

R²= .391, adjusted R² = .343 (with IC accuracy as a significant predictor), B = -5.62, 

t(41) = -4.69, p < .001, as well as self-reported depression F(3,38)= 6.51, p < .001, R²= 

.45, adjusted R² = .410 (with IC accuracy once again as a significant predictor), B = -

2.95, t(41) = -5.31, p < .001. None of the overall models predicting anxiety or depression 

from IC time yielded significance, however in the model predicting parent-reported 

anxiety, IC time emerged as a significant coefficient, B = 2.91, t(41) = 1.99, p = .05.  

Based on the correlations (Table 2) it appeared that anxiety was positively related with 

longer IC response latencies and IC inaccuracies. Depression was similarly related to 

increased inaccuracy, but decreased response latency. Additionally, 30 hierarchical 

regression models were created to study the predictiveness of EEG low and high alpha 

asymmetry measures of interest (pre-frontal, anterior frontal, mid-frontal, lateral frontal, 

parietal) on the three emotionality variables. Once again, in each model, age and gender 

were entered at step 1 and the EEG asymmetry measure of interest at step 2. To control 

for the familywise error rate, a Bonferroni corrected p-value was used (.05/15 = .003) for 

the models using low alpha asymmetry measures and separately for the high alpha 
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asymmetry models. None of the models showed significance at step 1 and neither age nor 

gender were significant coefficients at step 1 or 2. Only the model predicting self-

reported anxiety from lateral frontal low alpha asymmetry yielded significance at step 2, 

F(3,38)= 3.28, p = .03, R²= .205, adjusted R² = .143 (with asymmetry as a significant 

predictor, B = -1.79, t(41) = -2.99, p = .005). However, neither the model nor the 

coefficient remained significant with the Bonferroni correction. Additionally, in the 

lateral frontal high alpha asymmetry model (predicting self-reported anxiety), asymmetry 

was a significant coefficient before the Bonferroni correction, (t(41) = -2.52, p = .016). 

None of the other asymmetry variables predicted variation in child-reported or adult-

reported anxiety. Regarding self-reported depression, none of the models were 

significant, however lateral frontal low alpha asymmetry was a significant predictor (B = 

-.712, t(41) = 2.28, p = .028) as was lateral frontal high alpha asymmetry (B = -.682, t(41) 

= 2.22, p = .032) before the Bonferroni corrections. In all instances, negative correlations 

and coefficients suggested that increases in anxiety were related to increased right frontal 

activity compared to left; the correlations of these variables can be viewed in Tables 4 

and 5. 

Follow-up correlations to examine the association between IC and EEG 

asymmetry measures (that were significantly related to anxiety) showed that lateral 

frontal low alpha asymmetry was significantly correlated with IC accuracy, r = -.305, p = 

.049.,  as was the case for lateral frontal high alpha asymmetry, r = -.384, p = .012; 

however neither measure correlated significantly with IC time. Therefore, mediation 

models were generated to examine the degree that lateral frontal alpha asymmetry was a 

mediator of the relationship between anxiety and inhibitory control accuracy as well as 
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depression and inhibitory control accuracy. The model examining lateral frontal low 

alpha asymmetry as a mediator between anxiety and IC accuracy yielded an indirect 

effect of .0103 (SE = .008), p =.08., while the model examining lateral frontal high alpha 

asymmetry as a mediator showed an indirect effect of .0061 (SE = .008), p = .46. In 

additional models replacing self-reported depression for anxiety, effects were parallel, 

although not statistically significant for lateral frontal low alpha asymmetry (indirect 

effect = .0132, SE = .012, p = .268) as well as lateral frontal high alpha asymmetry 

(indirect effect = .0063, SE = .011, p = .567). Although the indirect effects were non-

significant, the effect sizes suggested that a moderate portion of the anxiety-IC and 

depression-IC relationships were mediated by lateral frontal asymmetry characteristics in 

this sample. The correlations between the emotionality measures and regional power 

values are presented in Tables 6 (low alpha power) and 7 (high alpha power) only one of 

which (mid-frontal low alpha and child-anxiety) was significant (r = .401, p = .009).  

Factors Influencing the Likelihood to Complete Training 

 Given that 10 of the original 42 participants did not complete the full training 

program, a sub-sample of 32 was used to evaluate the effects of training on the outcomes 

of interest. Independent samples t-tests were conducted to determine if those who 

completed the study had any significant differences from those who did not complete the 

study on the following measures at baseline: self-reported anxiety, self-reported 

depression, parent-reported anxiety, self-reported positive and negative affect, go/no-go 

reaction time and accuracy, flanker reaction time and accuracy, and Stroop reaction time 

and accuracy. The group that did not complete the training (M = 695.48, SD = 12.14) had 

significantly increased go/no-go reaction time at baseline compared to the group that 
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completed the full training regimen (M = 570.98, SD = 101.75), t(33.65) = -6.77, p < .001. 

However, accuracy on the go/no-go was comparable between the group completing 

training (M = 93.31, SD = 5.17) and the group that did not (M = 9.35, SD = 2.61); 

additionally, none of the other measures of interest were significantly different between 

groups at baseline. 

 A series of chi-squared tests were also conducted on the two groups relating to 

demographic characteristics including age, gender, maternal education, and family yearly 

income. Only the test for maternal education revealed significant differences between 

groups, χ2 (4, n = 42) = 15.20, p = .004, signifying that maternal education predicted 

likelihood to complete training. In the group that completed training one mother had 

completed high school, 11 had completed some college, one had completed a two-year 

degree, two had completed a bachelor’s degree, and 17 had completed graduate school. 

Alternatively, the group that did not complete training had six mothers that completed high 

school, four that completed some college, one that completed a two-year degree, 5 with a 

bachelor’s degree, and zero that completed graduate school. 

Hypothesis 2 (Training Effects on Self-Reported Anxiety and Depression) 

To analyze the effects of training condition on self-reported mood measures from pre-to-

post, a 2 x 3 mixed multivariate analysis of covariance (MANCOVA) was conducted 

with training condition as the between-subjects variable (emotional training, neutral 

training, waitlist control) and time (pre/post) as the within-subjects variable. Age and 

Gender were included as covariates in the model. The dependent measures were the self-

reported anxiety, depression, positive affect, and negative affect scores. Parent-reported 

anxiety was not included in this analysis because the other four measures were rated by 
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the child. The multivariate tests yielded neither a significant main effect of time, F(4, 24) 

= 2.18, p = .103; Wilk's Λ = 2.18, partial η2 = .27, nor group F(8, 48) = .79, p = .61; 

Wilk's Λ = .79, partial η2 = .12. None of the main effects or interaction effects related to 

age or gender emerged as significant either (all p’s > .05). As hypothesized, there was a 

significant two-way interaction effect of training condition x time on mood measures, 

F(8, 48) = 6.79, p < .001; Wilk's Λ = 0.22, partial η2 = .53. The univariate tests 

highlighted significant effects of training condition x time on self-reported anxiety, F(2, 

27) = 5.22, p = .02; partial η2 = .28, self-reported depression, F(2, 27) = 20.02, p < .001, 

partial η2 = .57, as well as self-reported negative affect F(2, 27) = 5.91, p = .007, partial 

η2 = .31. There was however no effect on self-reported positive affect (p = .515). Tukey 

post-hoc tests were generated to examine which training conditions were most effective 

in altering scores from pre-to-post. Regarding anxiety, the emotional training condition 

(Mchange = -6.37, SE = 2.50) showed a significantly larger reduction than the waitlist 

control (Mchange = -.58, SE = 2.61), p = .025, but not the neutral training condition 

(Mchange = -4.42, SE = 2.50), p = .44. The neutral training did not lead to enhanced 

reduction compared to the wait list control condition, p = .13. However, using a 

Bonferroni correction (.05/3 = .017) group differences were no longer significant. The 

parent-reported results (not included in the MANCOVA) were largely consistent, as the 

emotional training condition resulted in significantly larger anxiety reductions compared 

to the wait list control; but no meaningful differences compared to neutral training. The 

child and parent-reported anxiety results are illustrated in Figures 1 and 2, respectively. 

For the self-reported depression outcome, Tukey post-hoc tests on the change 

scores showed that the neutral training condition (Mchange = -3.12, SE = .66) was related 
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to the largest reduction in depression which was significantly different from the 

emotional training condition (Mchange = -.96, SE = .66), p = .011 as well as the waitlist 

group (Mchange = 1.08, SE = .69), p < .001. The emotional training condition also led to 

significant reductions compared to the wait list control, p = .012. These effects are 

illustrated in Figure 3 and remained significant using a Bonferroni correction (p = .017). 

Tukey post-hoc tests on the measure of negative effect showed that the emotional training 

condition (Mchange = -4.38, SE = 1.52) as well as the neutral training condition 

(Mchange = -3.82, , SE = 1.52)  resulted in a significantly larger reduction (before the 

correction) in scores than the waitlist control (Mchange = .50, SE = 1.59), p = .035 and p 

= .045, respectively. The two training conditions yielded similar reductions, although the 

emotional training condition was slightly more effective (see Figure 4). 

Hypothesis 3 (Training Effects on Inhibitory Control and Working Memory) 

Similarly, A 2 x 3 MANCOVA was conducted to analyze the effects of the intervention 

on inhibitory control accuracy measures from pre-to-post. The between-subjects variable 

was group, the within-subjects was time (pre/post), and the dependent measures were 

go/no-go, flanker, and Stroop accuracy. Age and Gender were entered into the model as 

covariates. The multivariate test yielded a non-significant main effect of time, F (3, 25) = 

.57, p = .651; Wilk's Λ = .94, partial η2 = .06, and a non-significant effect of group F (6, 

50) = .72, p = .41; Wilk's Λ = .79, partial η2 = .41. Neither the main effects or interaction 

effects related to the covariates (age and gender) were significant. However, the 

interaction effect of training condition x time on IC measures was significant, F (6, 50) = 

2.79, p = .019; Wilk's Λ = 0.58, partial η2 = .23. The univariate tests showed significant 

effects of training condition x time on go/no-go accuracy, F (2, 27) = 6.01, p = .007; 
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partial η2 = .31 and flanker accuracy, F (2, 27) = 5.28, p = .012, partial η2 = .28. The 

effect was marginally significant for Stroop accuracy, F (2, 27) = 3.08, p = .062, partial 

η2 = .19. Tukey follow-up tests on the go/no-go accuracy change-scores showed that the 

neutral training condition (Mchange = 6.40, SE = 1.75) yielded significantly greater 

improvements in accuracy then the control (Mchange = .16, SE = 1.82), p = .004 

(remained significant with Bonferonni correction; .05/3 = .017). No other differences 

were uncovered with the emotional training condition (Mchange = 2.44, SE = 1.75). 

Regarding the flanker test, neutral training (Mchange = 3.91, SE = 1.45) resulted in 

significantly greater improvements in accuracy compared to the waitlist control 

(Mchange = -.011, SE = 1.75), p = .03. as well as the emotional training condition 

(Mchange = -.66, SE = 1.52, p = .014). Finally, regarding the Stroop test, no changes 

occurring between the groups were significant. These results are visualized in Figures 5, 

6, and 7. 

An identical 2 x 3 MANCOVA was conducted to analyze the effects of treatment 

on IC time (duration). The multivariate main effect of time was not significant, F (3, 25) 

= 1.21, p = 326; Wilk's Λ = 0.87, partial η2 = .13, nor was the main effect of group, F (6, 

50) = .74, p = .618; Wilk's Λ = 0.84, partial η2 = .08. None of the multivariate main 

effects or interaction effects were significant for the age and gender covariates. As 

hypothesized, the interaction effect of group x time on IC time per trial was significant, F 

(6, 50) = 3.35, p = .007; Wilk's Λ = .51, partial η2 = .29. The univariate tests showed that 

the effects of group x time were non-significant on go/no-go reaction time (RT), F (2, 27) 

= 2.69, p = 086; partial η2 = .17, and Stroop test RT, F (2, 27) = 3.14, p = .069, partial η2 

= .19. However, the group x time interaction effect was significant on flanker trial RT, F 
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(2, 29) = 5.11, p = .013, partial η2 = .274. A Tukey follow-up test on the change scores 

showed that both the emotional training condition (Mchange = -19.40, SE = 5.40) and the 

neutral training condition (Mchange = -17.70, SE = 4.48) had significant flanker task 

time reduction compared to the control group (Mchange = -4.50, SE = 3.98), p = .017 and 

p = .031 respectively (see Figure 8). These differences were non-significant with a 

Bonferroni correction; the pre and post IC accuracy and time means are presented in 

Table 8. 

Lastly, a 2 x 3 MANCOVA was generated to evaluate the effects of training 

condition and time (pre/post) on spatial working memory (WM) span, spatial WM 

accuracy, digit WM span, and digit WM accuracy. Age and gender were the covariates in 

the model. The results of the MANOVA showed a significant multivariate main effect of 

time (F (4, 24) = 52.38, p = .000; Wilk's Λ = .103, partial η2 = .90), but neither a main 

effect of group (F (8, 48) = .695, p = .694; Wilk's Λ = 0.80, partial η2 = .10) nor an 

interaction effect of time x group (F (8, 48) = .593, p = .779; Wilk's Λ = 0.82, partial η2 = 

.09. Additionally, there were no univariate group x time effects on any of the four 

outcome variables, all p’s = (.20-.78), suggesting that the intervention led to minimal 

transfer effects to WM. These pre and post means are presented in Table 9.   

Hypothesis 4 (Training Effects on Resting-State Neurophysiology)  

To analyze the effects of training on resting-state low alpha electroencephalography, a 3 

x 2 x 5 x 2 mixed-model ANCOVA was conducted with between-subjects factor group 

(emotional training, neutral training, waitlist control), and within-subjects factors time 

(pre, post), region (pre-frontal, anterior frontal, mid-frontal, lateral frontal, parietal) and 

hemisphere (left, right). Finally, age and gender were entered as a covariate in these 
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analyses. Only the main effect of time was significant F(1, 27)  = 6.71, p = .015, partial 

η2    = .20; additionally, the only significant two-way interaction effect was time x age, 

F(1, 27)  = 6.80, p = .015, partial η2    = .20. The four-way interaction effect of group, 

time, region, and hemisphere was non-significant, F(8, 108)  = 1.04, p = .414, partial η2    

= .07, however the three-way interaction effects (of group x time x region and group x 

time x hemisphere) were of particular interest for determining whether the training 

induced changes in regional power or asymmetry. The three-way interaction of group x 

time x region was non-significant, F(8, 108)  = .59, p = .79, partial η2    = .04, suggesting 

that group differences did not exist regarding power changes across the five regions of 

interest. Lastly, the three-way effect of group x time x hemisphere was marginally 

significant, F(8, 116) = 3.62, p = .061, partial η2    = .20. The main effect of gender was 

non-significant nor were any of the other interaction effects relating to the covariates 

(gender and age). Exploratory one-way ANOVAs were conducted to examine group 

differences on the asymmetry change scores from pre-to-post in the regions of interest 

(pre-frontal, anterior frontal, mid-frontal, lateral frontal, parietal). Only significant 

differences were found in the lateral frontal region (F(2, 31) = 3.65, p = .03). This was 

quantified by a leftward shift in activity in the emotional training condition (Mchange = 

.956, SE = 1.61) compared to the wait list control (Mchange = -1.15, SE = 2.09), p = .039 

via Tukey test, however this did not remain significant using a Bonferroni correction 

(.05/3 = .017) A replicated ANCOVA model with high alpha values (in place of low 

alpha values) was created but did not yield any significant four-way or three-way 

interaction effects, all p’s > .05. However, the main effect of time (F(1, 27)  = 10.82, p = 

.003, partial η2    = .29) and interaction of time and age (F(1, 27)  = 11.47, p = .002, 
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partial η2    = .30) were significant, suggesting that high alpha values did change 

significantly from pre-to-post training, and that these changes were impacted by the age 

of participant. The low and high alpha asymmetry scores can be viewed in Tables 10 and 

11 respectively, and the regional power pre and post scores are found in Tables 12 and 

13. .
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DISCUSSION 

 Here, the aim was to expand upon research investigating cognitive and 

neurological mechanisms involved in childhood anxiety and depression and to evaluate 

the efficacy of a cognitive training regimen for mitigating negative emotionality 

symptoms. Primarily, we explored the associations between anxiety, depression, and 

inhibitory control abilities using three tasks (go/no-go, flanker, and Stroop) and found 

that IC accuracy was significantly and negatively related to anxiety as well as depression. 

IC reaction time was not significantly related to these emotional measures, although there 

was a trend for a positive relationship with anxiety. Additionally, lateral frontal alpha 

asymmetry was predictive of anxiety and depression at baseline, and correlations 

confirmed the common finding of greater right frontal asymmetry in relation to anxiety. 

Another primary goal was to evaluate the effects of a 4-week, 16 session IC training 

program by randomly assigning participants to one of three conditions (emotional 

training, neutral training, waitlist control). Significant differences in change scores 

existed between the groups on the emotionality and inhibitory control measures. Post-hoc 

tests revealed that the emotional and neutral training conditions led to significant 

reductions in anxiety, depression, and negative affect relative to the waitlist group, with 

the emotional training condition showing the largest reductions in anxiety and negative 

affect. These two conditions showed comparable improvements in IC accuracy relative to 

the waitlist, with greater increases observed in the neutral training condition. Significant 

differences in change scores were seldomly apparent between the emotional and neutral
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 training conditions across all outcomes. Resting-state brain activity measures did not 

change significantly as a function of training, however there was a leftward shift in lateral 

frontal alpha asymmetry that was most pronounced in the emotional training condition. 

Similarly, no significant group differences in alpha power were detected from pre-to-post 

in anterior or posterior areas.  

Baseline Associations Between Negative Emotionality and IC Accuracy 

 The significant associations between mood measures, IC measures, and 

neurophysiology at baseline was an intriguing finding that warrants further discussion. 

Interestingly, it was IC accuracy (comprised of go/no-go, Stroop, and flanker) that 

predicted self-reported anxiety and depression, as well as parent-reported anxiety, 

whereas IC time (comprised of flanker and Stroop time) did not. In a comparable prior 

investigation on adults with anxiety aged 30 to 45, Hallion et al. (2017) found that Stroop 

accuracy was significantly depleted, and reaction time increased, however go/no-go 

performance was not altered. It is important to emphasize that the study from Hallion and 

colleagues as well as most of the literature have tested this association in patients with 

clinical diagnoses of anxiety or depression. Here the lack of association between IC 

reaction time and anxiety may be due to a lack of outcome variance, given that the 

sample was non-clinical. To follow up on this possibility, participants were split into high 

anxiety (SCARED score = ≥ 25, N = 20) and low anxiety groups (SCARED score < 25, 

N = 22). Independent samples t-tests showed that groups did not differ significantly on 

flanker reaction time or Stroop reaction time, but the high anxiety group displayed 

increased RT on the “IC time” factor (via the initial factor analysis) and increased flanker 

RT (M = 358.20, SD = 80.43) compared to the low anxiety group (M = 351.41, SD = 
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74.57). However, Stroop RT was actually slightly decreased in the high anxiety group (M 

= 403.70, SD = 71.21) compared to the low anxiety group (M = 408.59, SD = 146.49). 

The mixed findings related to IC reaction time is contradictory to Hallion et al. (2017) as 

well as Eyesenk et al. (2007), who found significantly increased antisaccade reaction time 

in an adult sample with pathological anxiety. Still, there has been debate on whether RT 

will present as increased or decreased as a function of anxiety. Price and Mohlman 

(2007) theorized that decreased IC RT may instead reflect on challenges with suppressing 

an initial bottom-up response, in order to answer the trial correctly. Here, the findings 

somewhat supported this theory given that decreased accuracy was strongly related to 

increased anxiety, while reaction time was not. It remains possible that some children 

coping with negative emotionality will show stunted or delayed reaction time due to 

concentration difficulties stemming from rumination or worry, while others may show 

impulsive reactions due to difficulties suppressing their initial response. It will be 

interesting and worthwhile for future research to examine the IC-anxiety relationship as a 

function of different types of anxiety (general versus panic), as well as effects of the co-

presence of impulsivity or externalizing traits. 

At baseline, it appeared that IC accuracy was more strongly related to parent-

reported anxiety than self-reported anxiety. Notably, all models controlled for child age 

and gender, and it is therefore possible that child age accounted for more variation in the 

models predicting child-reported anxiety than adult-related anxiety. Younger children 

may have been less accurate in reporting their anxiety, causing a larger portion of 

variation to be attributed to the factor of age, despite age not being a significant predictor 

in any of the models. Additionally, self-reported depression as well as anxiety was 
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strongly related to IC accuracy, which further demonstrates the comorbidity of these 

symptoms and suggests that IC may be a cognitive mechanism involved in both 

conditions. In this sample, self-reported anxiety and depression were strongly correlated 

(r = .514, p = .001), which can be expected given that both are characterized by an 

uncontrollability of worry leading to impaired concentration (Joorman and Gotlib, 2010). 

Additionally, the relationship between EF and anxiety appeared more specific to IC as 

neither WM accuracy nor span measures predicted anxiety or depressive scores at 

baseline. Others have theorized that the WM link to negative emotionality occurs 

primarily in WM tasks that demand a high degree of inhibition for success (Bomyea & 

Amir, 2011). It is also possible that WM more strongly relates to anxiety at older ages. 

Finally, some prior studies have utilized “hot EF” tasks (De Voogd et al. 2016) to study 

associations between IC and anxiety, while others have used “cold EF tasks”, often 

producing comparable results. In this study, non-emotional tasks were used pre and post 

to avoid excessive similarity between the training program and outcome measures. The 

evidence here supports a link between the general construct of IC and negative 

emotionality, regardless of whether IC is captured with hot or cool tasks. 

Baseline Associations Between Negative Emotionality and Resting-State EEG 

 At baseline, the only EEG measures that predicted child-reported anxiety were 

lateral frontal low alpha and high alpha asymmetry scores. Although none of the regional 

power values in pre-frontal, anterior frontal, mid-frontal, lateral frontal, or parietal areas 

predicted significant variance in child-reported anxiety, mid frontal alpha power was 

significantly positively correlated with child-reported anxiety, suggesting that depleted 

activity in this region related to higher anxiety due to the inverse relation between alpha 
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power and anxiety. No significant regression models or correlations emerged examining 

alpha asymmetry and power measures in relation to parent-reported anxiety, however 

lateral alpha asymmetry was similarly related to child-reported depression. The finding of 

a relation between right lateral frontal asymmetry and negative emotionality is in-line 

with many prior investigations (Thibodeau et al., 2006) on this topic. Increased right 

activity has been cited as a neural marker of avoidant and withdrawal behavior, whereas 

increased left signifies a greater likelihood for motivated, approach behavior (Coan & 

Allen, 2004). It is somewhat surprising that none of the other frontal or parietal power 

metrics predicted either child or parent-reported anxiety, given that a link between 

anterior frontal as well as frontoparietal power has been found in certain past results 

(Eyesenk et al., 2007). Still, it should be noted that this was a non-clinical sample, 

creating less natural fluctuation in EEG power values at baseline which may have 

partially caused the lack of findings for power measures. In some cases, theta and beta 

power values have also shown to decrease as a function of childhood anxiety 

(Demerdzieva, 2011), so it may be worthwhile to explore power across these different 

frequencies in future investigations. Child-reported depression was similarly correlated 

with lateral frontal asymmetry in this sample, further demonstrating the difficulty of 

teasing apart neural correlates of anxiety & depression. Bruder et al. (1997; 2017) has 

shown that parietal asymmetry may present differently in the two conditions, however 

this did not occur here. 

 Given that lateral frontal alpha asymmetry was also significantly correlated with 

inhibitory control accuracy, mediation models were generated to study the possibility that 

lateral frontal asymmetry mediates the relationship between anxiety and IC accuracy. 



50 

These results showed that moderate variation in the relationship between anxiety and IC 

accuracy could be explained by lateral frontal asymmetry, however models exploring pre-

frontal power and mid-frontal power as mediators did not yield large effect sizes. A 

meaningful direction for future work is to examine the possibility that brain activity 

during the processing of IC tasks serves as a mediator between anxiety levels and 

performance, using event-related potentials (ERP) or fMRI.  

The Effects of the Intervention on Negative Emotionality, EF, and EEG measures 

 The results of the intervention showed additional support for the cognitive control 

hypothesis of anxiety (Price & Mohlman, 2007). In line with our hypotheses, the 

intervention facilitated improvements in the targeted skills, as go/no-go and flanker 

accuracy were significantly improved, and Stroop accuracy was moderately improved. 

Flanker reaction time was also decreased from pre-to-post. It is possible that IC reaction 

time was altered to a lesser extent because the gFocus task does not change speeds or 

require a user to respond quicker as levels increase (deBettencourt et al., 2015). A user is 

rewarded for increasing their accuracy, which may have led to a slower-processing 

strategy relying on top-down neurocircuitry as opposed to quicker, bottom-up strategies. 

In this sample, mixed findings occurred for reaction time in relation to anxiety and 

depression at baseline, potentially contributing to the lack of change observed over time. 

There was little evidence of cognitive transfer effects resulting from the training as 

neither the reverse digit span nor reverse spatial span scores improved in any of the 

training conditions. This result is unsurprising given that the gFocus program is very 

concentrated on the repeated training of emotional aspects of both attention and 

inhibitory control. There is not a WM component to this task, although it could be argued 
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that improvements in mental flexibility occurred as in some cases the Stroop task has 

been found to capture this component of executive functioning (Best & Miller, 2010). 

 Interestingly, statistically significant differences between the emotional and 

neutral training conditions were seldomly apparent, which was at odds with our 

hypothesis stating that emotional training would facilitate significantly greater reductions 

in mood symptoms compared to the other two conditions. This finding was evidence that 

training with emotional content is not essential for improving EF skills or emotional 

functioning as some have suggested in the past (Iacoviello et al., 2014). The lack of 

differential effects between these two conditions could be attributed to three possibilities: 

1) That the improvements in inhibitory control which occurred in both conditions was 

enough to reduce anxiety, regardless of whether emotional expressions were included; 2) 

that participants in the neutral condition still experienced “emotional EF training” to 

some extent given that their task featured neutral facial stimuli and not shapes or other 

non-emotional content; 3) that the group sample sizes (N = 10) were not sufficient to 

capture statistically significant differences in the outcomes. The emotional training 

condition did lead to greater reductions in both anxiety and negative affect compared to 

the neutral training, albeit non-significant. With a larger sample size, it is possible that 

these effects would have trended toward significance although results are inconclusive. 

Some past studies with adult samples have highlighted the importance of EF training with 

emotional stimuli, while others have found significant reductions in anxiety or depression 

resulting from inhibitory control training with neutral stimuli (Sari et al., 2016).  

 As an additional means for training evaluation, resting-state EEG low and high 

alpha power and asymmetry were examined at baseline and four weeks later in regions 
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found to be related to anxiety and/or EF in prior studies. No effects were observed with 

regards to overall power changes in the regions of interest, and similarly there were 

limited changes in asymmetry from pre-to-post for any of the five regions of interest (pre-

frontal, anterior frontal, mid-frontal, lateral frontal, parietal). Group differences in 

asymmetry change scores only occurred in the lateral frontal region where there was a 

leftward shift in activity in the emotional training condition compared to the waitlist 

control.  Although the training did not facilitate significant neurophysiological changes 

suggesting reduced biological risk of anxiety, the leftward shift of frontal alpha 

asymmetry was encouraging given the link between right frontal asymmetry with anxiety 

and depression. It is possible that 16 sessions (approximately 5 hours of training) was not 

adequate to change adolescent neurophysiological patterns, although this training amount 

was in line with past studies (Bomyea et al., 2015). It is possible that more effects would 

occur if training was continued over time and therefore, it will be necessary to explore 

lengthier training procedures with additional assessment time points. Still, 

neurophysiological effects of IC training have not yet been examined in other studies and 

so it is difficult to compare this result with prior literature. It is possible that increases in 

cognitive ability led to enhanced academic performance, self-esteem, and feelings of 

autonomy in the participants, thereby leading them to report lower levels of anxiety in the 

absence of biological (brain activity) changes occurring at the implicit or sub-conscious 

level.  

Limitations and Future Directions of Research 

There were limitations of this investigation as well as intriguing opportunities for future 

research. First of all, although the sample size was in-line with some prior investigations 
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(and deemed appropriate in G-power analyses) an increased sample size would have led 

to increased power for detecting differences between the three groups, particularly on 

EEG results which are often more subtle than self-reported measure. Additionally, a 

lengthier protocol of training would have allowed long-term effects to be studied in 

greater detail, as well as the possibility of some sort of ceiling effect. Another limitation 

to the study was that by using resting-state EEG measures, we were not able to directly 

study how brain activation patterns during a given IC task relate to negative emotionality. 

Using event-related potentials would have allowed us to better identify the brain circuitry 

being trained in the gFocus task as well as the circuitry targeted by the assessments of IC. 

Future studies can also strengthen this research by corroborating the consistency of 

training programs with the tasks being evaluated, despite the emphasis in the literature on 

examining transfer effects of training to other executive functioning tasks. Finally, there 

are fascinating opportunities to examine the role of pathological anxiety and depression 

to a larger extent or the possibility that IC impairments are only related to subtypes of 

anxiety such as panic. In addition to computerized training, mindfulness meditation and 

physical exercise (activities found to enhance cognitive control) could also be examined 

as approaches to managing stress and anxiety for certain children. Despite the promising 

results here, the long-term feasibility of computerized cognitive training requires further 

research as approximately 25 percent of the initial participants were not able to complete 

four weeks of short-duration training in their home. Additionally, those who did not 

complete the training showed lengthier reaction time to go/no-go stimuli at baseline 

compared to those who completed the full program, suggesting that computerized 

training can be a valuable tool for many children, but not all.  
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Strengths of this current study were the breadth of assessments used to capture the 

anxiety, IC, and neurophysiological constructs of interest. This made it possible to 

conduct many analyses which is advantageous when exploring a relatively novel topic of 

research. Additionally, three training conditions were included in this study, so we were 

able to study the importance of not only IC training in general, but IC training with 

emotional content versus neutral content. Finally, to consolidate with issues of self-

reported data from child raters, we included an objective outcome measurement which 

was resting-state neurophysiology.  

 In conclusion, this study provided further evidence for the link between executive 

functioning impairments (mainly inhibitory control) and anxiety/depression. This was 

one of the first investigations to occur in preadolescents, an important period for 

emotional development. The results indicated that decreased IC performance predicted 

higher levels of anxiety and depression at baseline, signifying that inhibitory impairments 

could be a risk factor for the development of anxiety in children. Additional longitudinal 

research is needed to determine a causal relationship between these constructs or the 

possibility that they are simply mediated via similar brain circuitry. Right frontal alpha 

asymmetry was also confirmed as a marker of negative emotionality in this age range. In 

this investigation, it was highly encouraging that self-reported anxiety and depression 

was mitigated in individuals who participated in a cognitive training regimen to 

strengthen IC skills. In the current social climate of the world, internalizing conditions 

like anxiety and depression are becoming increasingly common in children and 

adolescents, along with the availability and accessibility of computer and tablet 

technology. Providing and delivering cognitive training programs to children can be a 
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highly beneficial use of this technology for improving not only academic performance, 

but as seen here, psychological and emotional functioning during a challenging time-

period of development. 
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TABLES 

Table 1 Demographic Characteristics of the Sample 

N = 42 Frequency/Mean Percent/SD 
Participant’s Age 10.12 years 

8-year-olds: N = 6 
9-year-olds: N = 11 
10-year-olds: N =12 
11-year-olds: N = 12 

1.45 
14% 
26% 
29% 
29% 

Participant’s Gender 
 

Females: N = 22 
Male: N = 20 

52.38% 
47.62% 

Mother’s Education “Graduate school” N = 17 
“Bachelor’s Degree”: N = 15 
“Two Year Degree”: N = 2 
“Some college”: N = 8 
“High school degree”: N = 1 

40% 
36% 
5% 
19% 
2% 

Ethnicity Caucasian: N = 25 
African American: N = 7 
Haitian/Caribbean: N = 4 
Latin-American: N = 3 
Asian-American: N = 3 

60% 
17% 
10% 
7% 
7% 

Household Yearly Income 40,000-60,000: N = 5 
60,000-80,000: N = 12 
80,000-100,000: N = 8 
100,000-120,000: N = 4 
Over 120,000: N = 13 

5% 
29% 
19% 
10% 
31% 

Age: Control Group 
Age: Emotional Training 
Age: Neutral Training 
 

10.47 years 
9.71 years 
10.15 years 

1.46 
1.01 
1.28 

Gender: Control Group 
Gender: Emotional Training 
Gender: Neutral Training 

Males: 7 Females: 8 
Males: 7; Females:7 
Males: 6; Females: 7 

46.7%; 53.3% 
50%; 50% 
46.15%; 53.85% 

SCARED: Control Group 
SCARED: Emotional 
Training 
SCARED: Neutral Training        

M = 22.42, SD = 10.87 
M = 25.30, SD = 7.07 
M = 26.98, SD = 8.78 

 

SCARED Parent: Control 
Group 
SCARED Parent: Emotional  
SCARED Parent: Neutral  

M = 17.19, SD = 10.88 
M = 21.27, SD =7.50 
M = 21.98, SD = 11.51 

 

CDI: Control Group 
CDI: Emotional  
CDI: Parent: Neutral 

M = 17.42, SD = 10.88 
M = 16.33, SD = 3.14 
M = 16.82, SD = 8.78 
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Table 2: Partial Correlations Between Anxiety, Depression, and IC Controlling for Age 

and Gender 

 
Anxiety 

Scale 
Anxiety 
Parent 

Depression 
Scale 

IC 
Accuracy 

IC 
Time 

 Anxiety 
Scale 

Correlation  .478* .514* -.449* .081 

Significance (2-
tailed) 

 .002 .001 .004 .620 

Anxiety 
Parent 

Correlation .478  .531** -.606** .307* 

Significance (2-
tailed) 

.002  .000 .000 .050 

Depression 
Scale 

Correlation .514* .531**  -.653** -.150 

Significance (2-
tailed) 

.001 .000  .000 .356 

IC Accuracy Correlation -.449* -.606** -.653**  -.064 

Significance (2-
tailed) 

.004 .000 .000  .695 

IC Time Correlation .081 .307* -.150 -.064  

Significance (2-
tailed) 

.620 .050 .356 .695  

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 3: Anxiety, Depression, and IC Hierarchical Regressions 

 Predictors ANOVA R-Squared Coefficient T-Test 

Model 1: 

Child-

Anxiety 

Step 1: (Age, 

Gender) 

F(2, 39) = .35 

 p = .703 

.018 Age: -.199 

Gender: .490 

t(41) = -.19, p > .05 

t(41) = .19, p > .05 

 Step 2: IC 

Accuracy 

F(3, 38) = 3.49  

p = .025 

.216 IC Accuracy: -

4.13 

t(41) = -3.10,  

p = .004 

Model 2: 

Child-

Anxiety 

Step 1: (Age, 

Gender) 

F(2, 39) = .36 

 p = .703 

.018 Age: -.774 

Gender: 2.12 

t(41) = -.89, p > .05 

t(41) = .16 p > .05 

 Step 2: IC 

Time 

F(3, 38) = .316 

p = .814 

.024 IC Time: 

.760 

t(41) = .500,  

p > .05 

Model 3: 

Parent-

Anxiety 

Step 1: (Age, 

Gender) 

F(2, 39) = .80 

 p = .456 

.039 Age: .543 

Gender: 1.87 

t(41) = .574, p > .05 

t(41) = -4.69 p > .05 

 Step 2: IC 

Accuracy 

F(3, 38) = 8.15  

p < .001 

.391 IC Accuracy: -

5.62 

t(41) = -4.69,  

p < .001 

Model 4: 

Parent-

Anxiety 

Step 1: (Age, 

Gender) 

F(2, 39) = .80 

 p = .456 

.039 Age: -.529 

Gender: 4.88 

t(41) = -.54, p > .05 

t(41) = 2.23 p > .05 

 Step 2: IC 

Time 

F(3, 38) = 1.89  

p = .147 

.130 IC Time: 2.91 t(41) = 1.99,  

p = .05 

Model 5: 

Child-

Depression 

Step 1: (Age, 

Gender) 

F(2, 39) = .980 

 p=.384 

.048 Age: .090 

Gender: .949 

t(41) = .57, p > .05 

t(41) = 2.21 p > .05 

 Step 2: IC 

Accuracy 

F(3, 38) = 6.51  

p < .001 

.454 IC Accuracy: -

2.90 

t(41) = -5.31,  

p < .001 

Model 6: 

Child-

Depression 

Step 1: (Age, 

Gender) 

F(2, 39) = .980 

 p=.384 

.048 Age: -.130 

Gender: 1.58 

t(41) = -.23, p > .05 

t(41) = 1.10 p > .05 

 Step 2: IC 

Time 

F(3, 38) = .943  

p = .430 

.069 IC Time: .692 t(41) = -.935,  

p > .05 

 

  


