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 Although the mu rhythm is traditionally defined as a normal EEG variant, recent 

evidence suggests that mu may have functional significance in a variety of disorders 

such as autism, Parkinson’s disease, and multiple sclerosis. While an increasing 

number of articles have focused on the blocking mechanism of mu in relation to various 

cognitive processes and disorders, few have examined the significance of a prominent 

mu rhythm in the background EEG. A few studies have examined the relationship 

between the mu rhythm and psychological disturbance, such as attentional and affective 

disorders. Increasing evidence suggests that EEG and qEEG variables may be useful in 

classifying psychiatric disorders, presenting a neurophysiological alternative to 

traditional symptom-based diagnosis and classification. Thus, the intention of the 

present study was to examine the relationship between neuropsychological variables, 

gathered from multiple assessment sources, and the presence of a prominent mu 

rhythm in the EEG. Results did not show a statistically significant difference between 

individuals with and without a prominent mu rhythm on the Test of Variables of Attention 

(TOVA); although individuals in the mu group showed a pattern of increased impulsivity 

and performance decrement over time. For adults, no significant differences were 

observed between groups on psychological variables measured by the Minnesota 

Multiphasic Personality Inventory-2 (MMPI-2). However, for children, the mu and control 

groups differed on several behavioral and emotional variables on the Child Behavior 

Checklist (CBCL). Results are examined in the context of other research and clinical 

implications are discussed.  
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INTRODUCTION 

Objectives of the Current Study 

The mu rhythm is a specific electroencephalogram (EEG) pattern characterized 

by arch-shaped waves that appear in trains over the central or centroparietal regions of 

the brain (Fisch, 1999). Though early literature typically characterized the mu rhythm as 

a normal EEG variant, recent research examining the reactivity of mu and its 

relationship to various disorders suggests that the mu rhythm may be more significant 

than once thought. While numerous studies have examined the reactivity of mu, few 

have addressed how individuals with a prominent mu rhythm might differ from those 

without an observable mu pattern. Since the mere existence of a mu rhythm represents 

a state of either electrocortical idling or deactivation (Pfurtscheller, 2003), then it seems 

plausible that having a prominent mu rhythm might affect motor functioning, as well as 

attention and cognitive processes.  

Given that altered mu reactivity appears to be related to motor dyscontrol in a 

number of disorders, it has been suggested that mu represents a kind of fronto-motor 

disconnection (Niedermeyer & Naidu, 1998). Further, involvement of the frontal lobe in 

mu reactivity is also supported by research on mirror neuron dysfunction and the 

combination of symptoms associated with autism, such as impairments in social and 

emotional functioning (Dapretto et al., 2006; Fecteau, Lepage & Theoret, 2006). If it is 

assumed that mu is related to frontal lobe functioning, then it might be expected that 

various aspects of executive functioning will be altered in individuals displaying a 

prominent mu pattern. Possible behavioral correlates might include inattention, 

impulsivity, disinhibition, hyperactivity, emotional disturbance, and social difficulties.  
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At least one study has examined the prevalence of mu within a psychiatric 

population (McDonald & Bars, 1998). McDonald and Bars found that mu prevalence 

rates were much higher (greater than 50%) among an adolescent psychiatric population 

compared to that of the general population. Similarly, quantitative electroencephalogram 

assessments (qEEG) done on clients presenting for clinical treatment at the University 

of North Texas Neurotherapy Lab often show a prominent mu rhythm, at a rate which 

would seem much higher than is reported in the general population. This observation 

led to the research questions of the current study. More specifically, do individuals with 

a prominent mu rhythm experience more psychological and/or neuropsychological 

symptoms, and if so, is mu a biomarker for a particular behavioral phenotype? 

 

Background on Electroencephalography (EEG) 

The discovery of the human electroencephalogram (EEG) can be traced back to 

Hans Berger in 1929 (Budzynski, 1999). Berger recorded the first human EEG; and 

following this landmark discovery, the EEG quickly became an important diagnostic tool 

used to assess brain functioning. EEG has been utilized by the medical community for 

over 60 years, and today, advanced brain imaging techniques, such as the fMRI, 

confirm that EEG provides a unique picture of neurophysiological functioning.    

Another pivotal event in the history of EEG was Sterman’s discovery of the 

sensory motor rhythm in cats (Budzynski, 1999). The sensory motor rhythm, also 

referred to as SMR, is a specific EEG rhythm or oscillation which occurs across the 

motor strip or the central region of the brain between 12 and 15 hertz. Sterman 

demonstrated that cats could learn to increase the SMR rhythm through operant 
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conditioning. As the cats increased production of SMR, they became quiet and still. 

Sterman serendipitously discovered that cats who had learned to increase their 

production of SMR showed a higher threshold for seizure activity. This finding had 

significant implications for patients with seizure disorders. Sterman and his associates 

did in fact show that training patients to increase SMR resulted in decreased seizure 

activity, marking one of the first clinical applications of EEG biofeedback (Budzynski).  

 

Background on Quantitative Electroencephalography (qEEG). 

In 1951, W. Grey Walter developed an EEG toposcope, which captured features 

of the EEG in color-coded displays (Bladin, 2006). Walter is credited with developing the 

first EEG topography machine, a precursor to contemporary quantitative EEG analysis. 

As technology advanced and more sophisticated methods of EEG analysis became 

possible, quantitative EEG (qEEG) emerged as an alternative technique to assess brain 

functioning, yielding even more information than what can be gleaned through visual 

inspection of the raw EEG (Cantor, 1999).  The qEEG allows a specific EEG feature to 

be transformed into a numerical value (Fisch, 1999). For example, it is possible to 

determine the amount of alpha recorded at a specific location on the scalp, over a 

certain period of time. In addition to yielding specific numerical values, qEEG measures 

can be used to yield complex statistical analyses and topographic brain maps (Fisch). 

One of the more popular applications of qEEG involves the use of databases to 

discriminate among various clinical disorders and symptom clusters (Cantor), including 

neurological and psychiatric disorders such as dementia, affective disorders, 

schizophrenia, attention-deficit and learning disorders, and closed-head injuries 
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(Prichep & John, 1992; Thatcher, Walker, Biver, North, & Curtin, 2003; Thatcher, 

Walker, Gerson, & Geisler, 1989). Perhaps the most practical use of qEEG in clinical 

settings is in guiding EEG biofeedback treatment. In EEG biofeedback, qEEG data is 

typically used to determine EEG biofeedback protocol selection. Another more recent 

clinical application of qEEG has been predicting medication response and researchers 

have demonstrated that qEEG can reliably predict patients’ responsiveness to 

medications (e.g., Chabot, Orgill, Crawford, Harris, & Serfontein, 1999; Cook et al., 

2002; Suffin & Emory, 1995).  

The qEEG has a number of advantages as a neurometic assessment tool, 

namely, its cost-effectiveness compared to other neuroimaging techniques and its 

freedom from cultural and ethnic biases (Chabot, di Michele, & Prichep, 2005). Chabot 

and colleagues argue that qEEG has received limited acceptance, especially among the 

medical community, for two primary reasons: 1) studies on qEEG typically do not 

appear in the journals widely read by psychiatrists, and 2) skeptical statements 

regarding qEEG have appeared in some psychiatric journals. Early challenges to the 

validity of qEEG involved EEG data collection and analysis, including problems with 

filter settings, artifact inclusion, drowsiness, age effects, medication effects, and the 

large number of variables used in statistical analyses. However, these criticisms have 

been refuted in recent years. A growing number of research studies using qEEG have 

identified common electrophysiological patterns underlying many psychiatric disorders, 

indicating that the qEEG is an essential tool for understanding the cortical activation 

patterns related to psychiatric and neurological symptoms (Chabot et al., 2005; 

Hirshberg, Chiu, & Frazier 2005). 
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EEG Markers for Psychological Disorders 

The notion that specific EEG characteristics can predict psychological functioning 

is not new. There is a long history of EEG research identifying specific markers for 

behavioral and emotional disturbances, with EEG correlates of psychiatric disturbance 

dating back at least 50 years (Prichep & John, 1992). For instance, EEG abnormalities 

were identified in alcoholics and in children of alcoholics relatively early in the EEG 

literature (e.g., Gabrieli et al., 1982; Porjesz & Begleiter, 1975; Porjesz, Begleiter, & 

Garazzo, 1980; Propping, Kruger, & Mark, 1981). EEG differences associated with 

alcoholism have been identified in evoked potentials and in characteristics of the resting 

EEG such as reduced overall power or low voltage fast activity (Porjesz & Begleiter, 

1975; Winterer et al., 2003)   

EEG characteristics associated with attention problems were also documented 

early on in the EEG research, with studies indicating differences in sensorimotor and 

alpha rhythms, as well as in EEG coherence (e.g., Montgue, 1975; Shetty, 1971; 

Shouse & Lubar, 1978). More recent research has identified distinct EEG markers for 

attention deficit disorder, including excessive theta activity seen either frontally or 

diffusely, excess frontal alpha, a reduction in beta activity, and reduced coherence or 

communication between left and right frontal regions (Sterman, 2001). Increased theta 

power and reduced beta power across the motor strip, also termed an elevated theta-to-

beta ratio, has been considered an important indication of attention deficit; and a recent 

meta-analysis confirms that this power ratio reliably distinguishes individuals with 

attention disorders from normal controls (Snyder & Hall, 2006).  
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EEG markers have also been identified in affective disorders, specifically 

depression (Allen, Urry, Hitt, & Coan, 2004; Coan & Allen, 2004, Henriques & Davidson, 

1990). Frontal alpha asymmetry has been identified in individuals with a history of 

depression compared to individuals with no history of depression (Henriques & 

Davidson). Henriques and Davidson argue that this asymmetry represents a 

neurobiological marker, which is likely independent of transient mood states. While a 

number of specific EEG patterns have been established as neuropsychological markers 

(e.g., theta-to-beta ratio & alpha asymmetry), the significance of a prominent mu pattern 

is still not fully understood.  However, recent research linking the mu rhythm to mirror 

neuron functioning lends support to the theory that mu may indeed represent a 

neurobehavioral marker. 

 

Mu Rhythm Characteristics 

The mu rhythm is a specific EEG oscillation pattern, which is defined in the 

electroencephalographic (EEG) literature as a normal variant (Fisch, 1999). Older 

names for the mu rhythm include, “wicket, “comb,” “arceau,” (Fisch, p. 192) and the 

“rolandic” rhythm (Pfurtscheller, 1986, p. 20). The mu rhythm was first described by 

Gastaut in 1958, who documented its morphological characteristics and unique 

reactivity to motor activity (Niedermeyer, 1997). Mu is typically seen in the alpha range 

from 7-11 Hz (Tyner, Knott, & Mayer, 1983), although more recent research suggests 

EEG oscillations also occur in the beta range (Hari & Salmelin, 1997; Pfurtscheller, 

2003). Niedermeyer warns that the mu pattern is not purely an alpha phenomenon and 

is frequently contaminated by beta frequencies. Mu is characteristically distributed 
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across the central region of the brain or sometimes the central-parietal region, and it is 

blocked by movement, imagined movement, or tactile stimulation (Fisch). The blocking 

effect is typically noted to be greater on the contralateral side from bodily movement. 

According to Fisch, the mu rhythm occurs prominently in less than 5% of EEGs and is 

more common in younger adults. However, there are inconsistent reports in the 

literature regarding the incidence of mu in the population, ranging from less than 10%, 

up to 19% (e.g., Cochin, Barthelemy, Lejeune, Rous & Martineau, 1998; Niedermeyer, 

1997; Tyner et al., 1983). Age may be one reason for the variance in the prevalence 

rates, as mu is more commonly seen between the ages of 11-20 years (Niedermeyer). 

However, another factor that may contribute to inconsistent reporting is the fact that mu 

can be detected in more individuals when alternate EEG electrode placement montages 

are used, such as bipolar or Laplacian montages (Fisch). EEG montages refer to the 

spatial representation of brain recordings based on multi-channel derivations and 

combinations (Tyner et al.). Ultimately, mu is still only observable in a small percentage 

of the population. However, it is worth noting that some researchers presume that the 

mu rhythm occurs in most healthy adults, but is not always detectable by the EEG 

(Niedermeyer).  

Why mu is detectable in only a small segment of the population and whether its 

presence may have some functional or behavioral significance are questions that have 

yet to be answered (Nidermeyer, 1997; Pineda, 2005). While many in the medical 

community dismiss mu as an EEG anomaly of little consequence, Niedermeyer 

suggests that individuals with this EEG variant may be prone to have certain physical 

and psychological disorders or symptoms.  
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Interestingly, there appears to be a degree of heritability related to mu (Koshino 

& Isaki, 1986). Koshino & Isaki examined the familial occurrence of mu in a small 

sample of 14 families. They found a prominent mu rhythm in 37% of the relatives. Since 

this is higher than the incidence rate reported in the general population, they argue that 

mu is likely genetically determined, at least in some cases.  

Okada and colleagues (1992) examined the EEG records of 5,218 patients and 

found that 241 patients (approximately 4%) had a prominent mu rhythm. The goal of 

their investigation was to examine the characteristics of individuals identified as having 

a “typical” mu pattern compared to individuals classified as having an “atypical” mu 

pattern. Group 1, the typical group, had the following EEG characteristics: mu observed 

during waking conditions, mu unaffected by visual stimulation, and mu blocked by 

voluntary movement or tactile stimulation. Group 2, the atypical group, exhibited mu 

under distinct circumstances such as drowsiness, photic stimulation, and/or 

hyperventilation. Compared to individuals without a prominent mu rhythm, both groups 

showed a higher incidence of epilepsy. The atypical group was noted to have a higher 

rate of intractable epilepsy, as well as organic brain disease. The incidence rate for 

psychiatric disorders among both groups ranged from 11-12%; however, the overall 

incidence rate of psychiatric disorders for the sample was not provided by the authors.  

Thus, even though the electroencephalographer will label mu as a normal 

variant, research suggests that the mu rhythm, and more specifically the blocking of mu, 

may have some neurofunctional significance, as will be discussed in the following 

section.  
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Physiological Mechanisms Related to Mu 

The basic underlying physiological significance of the mu rhythm appears to be 

related to somatosensory processes, where the presence of mu represents idling or 

decreased neural processing in the sensory system (Fisch, 1999), much as occipital 

alpha represents idling of the visual center. Upon eye opening, the posterior alpha 

rhythm becomes desynchronized and attenuated; whereas the mu rhythm typically 

desynchronizes and attenuates with movement or imagined movement (Pineda, 2005; 

Niedermeyer, 1997). Thus, the mu rhythm is believed to reflect a state of reduced motor 

cortex activity. Building on the concept of mu as an idling rhythm, a number of studies 

have examined the phenomena of mu blocking in humans under specific task 

conditions. Blocking of an EEG phenomenon refers to the attenuation or amplitude 

decrease of a particular EEG rhythm such as the alpha rhythm (Fisch; Tyner et al., 

1983). Blocking reflects brain reactivity in response to stimuli such as eye opening, 

sudden alerting or mental concentration (Fisch). Research has demonstrated that mu is 

blocked or attentuated in normal populations by voluntary movement, observed 

movement, and even imagined movement (e.g., Johnson & McNair, 2004; 

Muthukumaraswamy, Johnson, & McNair, 2004; Pfurtscheller, Brunner, Schlogl, & 

Lopes da Silvia, 2006).  

Pfutscheller (2003) attempted to isolate the functional components of mu by 

examining the specific frequencies in which mu is typically observed and the conditions 

in which it is blocked. Pfurtscheller argues that recent evidence suggests that there are 

two types of mu rhythms that occur in the alpha frequency band, one which occurs in a 

lower frequency from 8-10 Hz, and a faster oscillation which occurs from 10-13 Hz. 
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Pfurtscheller suggests that the desynchronization of slower mu rhythms may be related 

to widespread activation of the sensorimotor cortex, while the faster mu rhythm 

desynchronization may reflect more specific or localized activation of the sensorimotor 

network. In an attempt to explain the pattern of activation and deactivation of the 

sensorimotor region, the author proposes a gating model. In this model, it is suggested 

that the synchronization and desyncrhonization of the mu rhythm may be evidence of a 

thalamic gating system in which event-related desynchronization and synchronization 

(ERD/ERS) represent opening and closing of the thalamic gates. Research suggests 

that the blocking of the mu rhythm occurs because underlying neural networks have 

become more desynchronized, thereby reflecting increased neural processing 

(Muthukumaraswamy, Johnson, & McNair, 2004; Pfurtscheller, Neuper, Andrew, & 

Edlinger, 1997). The amount of synchrony observed in the EEG is typically referred to 

as event-related desynchronization (ERD) or event-related synchronization (ERS) to 

distinguish between the activation or idling of the motor cortex under specific conditions 

(e.g., Leocani, et al., 2005; Pfurtscheller et al. 2006). More simply, synchrony is thought 

to be negatively correlated with level of metabolic activity (Kropotov et al., 2007). Thus, 

in terms of the mu rhythm, decreased power in the alpha range or blocking of the 

rhythm represents cortical activation (Kropotov et al.).  

 

Role of Mu in Cognitive Processes 

Pineda (2005) presents a unified theory regarding the role of mu oscillations, 

proposing that mu activation patterns represent an information processing model. 

Pineda suggests that the mu rhythm represents a functional “gating” mechanism in the 
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brain, where perception is translated into action. He goes on to argue that mu 

represents more than an “idling” state; rather, mu is related to a complex pattern of 

sensorimotor processing involving the frontoparietal networks. This argument has also 

been put forth by Pfurtscheller (2003) who holds that the notion of mu as an idling 

rhythm may be a misnomer in some instances. Specifically, the task-related changes in 

the mu-rhythm more accurately reflect cortical activation or deactivation. In this way, the 

functional significance of mu is characteristic of an information processing network, a 

system which appears to be sensitive to both cognitive and affective variables (Pineda).  

The degree of event-related desynchronization (ERD) has been linked to 

cognitive processes such as memory (Klimesch, Doppelmayr, Pachinger, & Ripper, 

1997) and even intelligence (Jausovec & Jausovec, 2003; Neubauger, Freudenthaler, & 

Pfurtscheller, 1995). Doppelmayr et al. (2005) recently demonstrated that during 

semantic processing tasks, such as semantic analogies, more intelligent subjects 

exhibited larger event-related desynchronization in the alpha frequency band, over the 

left hemisphere. They conclude that more intelligent subjects appear to have greater 

activation (seen as desynchronization) during semantic processing tasks compared to 

less intelligent subjects.  

 

Mu and Neurological Disorders 

In contrast to the studies linking desynchronization to higher cognitive 

performance, other research has examined the role of mu in demonstrating motor 

activation-deactivation patterns in various disorders, particularly neurological disorders. 

For instance, delayed mu desynchronization prior to voluntary movement has been 
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found in patients with Parkinson’s disease, suggesting delayed cortical activation 

(Defebvre, Bourriez, Destee, & Guieu, 1996; Magnani, Cursi, Leocani, Volente & Comi, 

2002). Defebvre et al. examined movement related desynchronization in Parkinson’s 

patients compared to controls. Individuals with Parkinson’s showed a delay in 

desynchronization which appeared to correspond to clinical symptoms, specifically 

akinesia or difficulty initiating movement. Thus, the authors suggest that the delay in the 

appearance of movement-related desynchronization indicates disturbed movement 

programming. In a similar study, Magnani and colleagues (2002) demonstrated that 

compared to normal subjects, individuals with idiopathic Parkinson’s disease had 

delayed event-related desynchornization. However, shortly after an oral administration 

of L-dopa, these patients showed event-related desynchronization comparable to 

normal controls.  

Research done with patients diagnosed with multiple sclerosis (MS) shows a 

correlation between mu event-related desynchronization and severity of brain damage 

caused by lesions (Leocani et al., 2005). Leocani and colleagues (2005) found that the 

more lesions a patient had, the more delayed the desynchronization. The authors 

suggest that the delay in event-related desynchronization is indicative of a disruption in 

the cortical and subcortical connections needed for executing voluntary movement. 

Conversely, another study examining multiple sclerosis patients with fatigue and event-

related desynchronization demonstrated increased widespread anterior event-related 

desynchronization and decreased post-movement synchronization compared to 

normals and MS patients without fatigue (Leocani et al., 2001). Both increased 

desynchronization and decreased synchronization were seen in the frontal midline 
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region. The authors argue that these findings implicate the inhibitory circuits of the 

motor cortex which may result in hyperexcitibility of the motor cortex. They further 

suggest that it is the failure of the inhibitory mechanism of the motor area that 

contributes to fatigue in Multiple Sclerosis.  

 Patients with focal seizures have also demonstrated altered mu reactivity, 

suggesting abnormal excitability of the motor cortex (Derambure, 1997). Specifically, 

these patients showed a delay in desynchronization prior to voluntary movement, as 

well as an increase in the magnitude of the desynchronization. This increase in 

magnitude is speculated to be a compensatory mechanism to off-set the delayed initial 

response. In addition, they hypothesize that the increased magnitude may also reflect 

the need for larger recruitment of areas in the motor cortex in order to facilitate 

movement.  

 Similarly, altered motor cortex activation patterns have been demonstrated in 

patients with Restless Legs Syndrome (Schober et al. 2004). Restless Legs Syndrome 

(RLS) is a sensorimotor disorder characterized by unpleasant sensations in the legs 

and an irresistible urge to move the legs. Patients with RLS showed increased post-

movement event-related synchronization or larger cortical inhibition after the termination 

of movement. This is interpreted as showing a greater need for motor-cortex inhibition 

following movement, likely due to increased excitation of cortical areas.  

 

Mu and Developmental Disorders 

A great deal of interest has been focused on the role of the mu rhythm in 

childhood disorders such as Rett syndrome and more recently attention disorders 
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(Neidermeyer, Naidu, & Plate, 1997; Niedermeyer & Naidu, 1998; Niedermeyer, 2001). 

First, it is useful to examine the literature on the relationship between mu and Rett 

syndrome, as well as the proposed connection between attention deficit hyperactivity 

disorder (ADHD) and the type of brain disconnection observed in Rett syndrome.  

Rett syndrome is a central nervous system disorder seen in girls, which typically 

begins in early infancy (Niedermeyer, et al., 1997). Rett syndrome is characterized by 

profound mental retardation, loss of motor skills, stereotyped movements such as hand 

wringing, and less commonly, seizures (Niedermeyer & Naidu, 1997; Niedermeyer, 

2001). A cluster of EEG abnormalities have been linked to Rett syndrome, including 

spike discharges over the Rolandic area during sleep, diffuse slowing, and unusual 

theta rhythms (Niedermeyer, Naidu, & Plate, 1997; Niedermeyer, 2001). Due to the 

EEG blocking or decreased theta activity seen during voluntary movement, it is likely 

that this characteristic theta rhythm represents a slow mu rhythm (Niedermeyer et al., 

1997). The slowing of the mu rhythm is believed to be a function of the brain disorder. 

According to Niedermeyer and colleagues (1997), many individuals with Rett syndrome 

demonstrate this prominent, slow mu rhythm. Further, since the clinical presentation of 

Rett syndrome involves significant motor impairment, the authors speculate that the mu 

pattern represents hyperexcitibility of the motor and/or sensorimotor region. It is 

interesting to note that the notion of a “hyperexcitibility” of the motor cortex has also 

been suggested to play a role in the symptom of fatigue in patients with multiple 

sclerosis.  

In a subsequent paper, Niedermeyer and Naidu (1998) elaborated on the theory 

of hyperexcitibility of the motor cortex in Rett syndrome, arguing that the state of motor 
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dyscontrol seen in Rett syndrome patients is related to deficits in the frontal lobe. The 

authors characterize this motor cortex dyscontrol as a fronto-motor disconnection or 

uncoupling of the motor region from the frontal lobe. They go on to discuss the 

implications of this theory in understanding other childhood disorders which may involve 

motor cortex dysfunction, such as ADHD. Unlike Rett syndrome, there are not frank 

central nervous system impairments in ADHD; however, it is suggested that the fronto-

motor disconnect seen in ADHD, and more specifically the disinhibition associated with 

the hyperactivity component of ADHD, may signify a “lazy frontal lobe” (Niedermeyer & 

Naidu, 1997; Niedermeyer & Naidu, 1998).  

 

Autism, Mu, and Mirror Neuron Dysfunction 

The attenuation of mu in response to voluntary movement and observation of 

movement is believed to reflect mirror neuron activity within the motor cortex (Fecteau, 

Lepage, & Theoret, 2006; Oberman et al., 2005). Mirror neurons are a particular class 

of visuomotor neurons, originally discovered in monkeys (Rizzolatti, Fogassi, & Gallese, 

2001). These neurons are specialized for goal-related motor behavior and they become 

activated during both movement and observation of movement. In the human brain, it is 

believed that mirror neurons are located in the inferior parietal lobule or Brodmann area 

7b (Rizzolatti et al., 2001). It has been speculated that the mirror neuron system plays a 

role in cognitive processes such as imitation learning, action understanding, and even 

abstract thinking (Ramachandran & Oberman, 2006; Rizzolatti et al., 2001; Rizzolatti & 

Craighero, 2004). Mirror neurons are believed to mediate our understanding of actions 

performed by others (Fecteau et al., 2006). Specifically, action understanding refers to 
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the process whereby actions are understood by mapping the visual representation of an 

observed action onto an internal representation of that action. This explanation has 

been termed the direct-matching hypothesis (Rizzolatti et al., 2001). Convergent 

evidence from EEG data, mirror neuron research in animals, and neuroimaging studies 

in humans, all lend support to the existence of a mirror neuron system in humans 

(Buccino et al., 2001; Ferrari, Gallese, Ramachandran & Oberman, 2006; Rizzolatti, & 

Fogassi, 2003; Rizzolattia et al., 2001).  

Because of the proposed role of the mirror neuron system in imitation learning 

and motor imagery, there is a growing body of research linking the symptoms of autism 

to a dysfunctional mirror neuron system (e.g., Fecteau et al. 2006; Oberman et al., 

2005; Williams, White, Suddendorf & Perret, 2001). Common deficits in autism 

spectrum disorders include social impairments, limited imaginative abilities, difficulty 

with abstract thinking (e.g., understanding metaphors), and repetitive or stereotyped 

behavior patterns (Ramachandran & Oberman, 2006; Williams et al., 2001). Williams 

and colleagues propose that when the early development of the mirror neuron system is 

compromised, cognitive capabilities such as imitation, language development, and 

executive functions, such as social understanding and empathy fail to emerge.  

The mirror neuron system and its role in action understanding is believed to 

extend to emotional understanding. That is, the same neural networks that are activated 

when we experience an emotion are also activated when we witness another person 

experiencing the same emotion (Fecteau et al., 2006; Gallese, Keysers, & Rizzolatti, 

2004). Therefore, it is hypothesized that it may be this matching mechanism of the 

mirror neuron system that allows us to understand emotions in other people, 
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theoretically eliciting empathy and strengthening our emotional connection to others. 

Dapretto and colleagues (2006) recently tested this theory using fMRI to examine neural 

activation in children diagnosed with autism while they observed and imitated emotional 

expressions. They found that compared to controls, children with autism showed no 

mirror neuron activity in the frontal component of the mirror neuron system, or the par 

opercularis located in the inferior frontal gyrus. Even more compelling was the 

relationship they found between activity in this area and symptoms of social dysfunction. 

Children with more severe social deficits showed less activity in the pars opercularis. 

Given that mu attenuation in response to voluntary or observed movement is believed to 

reflect mirror neuron activity (Fecteau et al., 2006; Oberman et al., 2005), several 

studies have attempted to observe the functional significance of mu attenuation in 

autistic individuals. Oberman and colleagues (2005) attempted to test the functioning of 

the mirror neuron system in individuals with autism by examining mu responsiveness to 

both actual and observed movement. Compared to age-matched controls, individuals in 

the autism group demonstrated significant mu suppression in response to voluntary 

movement, but not to observed hand movements. The authors maintain that this finding 

supports the hypothesis that individuals with autism have a dysfunctional mirror neuron 

system.  

 Coben and Hudspeth (2006) examined EEG data from fifty patients diagnosed 

with autism and found that 40% of these individuals (20 out of 50) showed a significant 

mu rhythm. They compared data from these 20 patients with “high” mu to those who did 

not display this pattern. Individuals in the high mu group demonstrated greater frontal 

hypoconnectivity or reduced communication in the frontal region. All patients received a 
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battery of neurobehavioral testing and were treated using neurofeedback. Patients 

received one of two possible neurofeedback training protocols: interhemispheric bipolar 

training or coherence training to increase connectivity between C3 and C4. Both groups 

showed improvement following neurofeedback; however, only the group who received 

coherence training showed reduced mu activity. The authors argue that coherence 

training appears to be an effective tool for reducing mu activity in autism spectrum 

disorder, which, in turn, may help to improve patients’ social and emotional functioning. 

While the results of this study are provocative, the sample size was relatively small, with 

ten patients per treatment group (coherence and bipolar training).  

 

Mu and Psychiatric Populations 

There has been some research exploring specific psychiatric conditions and the 

mu rhythm. Leocani and colleagues (2001) examined the mu synchronization patterns 

of patients diagnosed as having obsessive-compulsive disorder (OCD), based on DSM-

IV criteria. Compared to normal controls, OCD patients demonstrated delayed 

desynchronization of mu prior to movement (thumb extension) and decreased post-

movement synchronization in the beta range. Interestingly, this finding is similar to the 

excitatory-inhibitory imbalance found in patients with neurological disorders such as 

Parkinson’s and Multiple Sclerosis (Leocani et al., 2001; Magnani et al., 2002). The 

authors conclude that the delayed pre-movement activation implicates brain structures 

related to movement preparation such as the basal ganglia; whereas, the decreased 

post-movement synchronization, viewed as an idling phase, represents a failure of the 
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brain’s inhibitory mechanisms. Certainly the clinical manifestations of OCD (e.g., 

repetitive behaviors) also suggest impaired behavioral inhibition.  

In one of the few studies to examine the relationship between the presence of mu 

and psychiatric disturbance, McDonald and Bars (1998) identified mu prevalence 

among a large group of adolescent psychiatric patients (N = 329). Out of the 329 

patients, approximately 56% showed a prominent mu pattern. The authors point out that 

this percentage is notably higher than the prevalence rates reported in the general 

population (reported by the authors as 2-21%). They then compared the presence of mu 

to various psychiatric and behavioral variables and found that patients displaying 

ruminating behavior had a greater presence of mu. Paradoxically, patients showing 

explosive behaviors demonstrated less mu than would be expected by chance. The 

authors argue that the data suggest a relationship between the presence or absence of 

mu and various psychiatric disturbances.  

 

Phenotypes and Classification of Neuropsychological Disorders 

Several recent studies have attempted to classify various psychological and 

neuropsychological disorders based on neurophysiologic data (Askland & Parsons, 

2006; Bierut, et al., 2002; John et al., 1994; Winterer et al., 2003). The traditional 

method of classifying psychiatric disorders has relied on the Diagnostic and Statistical 

Manual of Mental Disorders (DSM), a classification system based on subjective 

measures such as symptom observation and report (Askland & Parsons, 2006). The 

DSM classification system is not informed by pathophysiologic data (Askland & Parson) 

such as the data provided by EEG, qEEG, or thru brain imaging techniques.  
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Gunkelman (2006) proposes a new framework through which to view and classify 

psychologic and neurologic disturbances, based on EEG/QEEG data groupings. 

Gunkelman and others (e.g., Bierut et al., 2002; Winterer et al., 2003) have begun to 

refer to these EEG/QEEG clusters as phenotypes. Gunkelman explains that such 

groupings are considered phenotypes because there is an association between brain 

functioning, behavior, and genetics.  

The genetic determination of EEG has been demonstrated to be high, such that 

most of the individual differences observed in adult EEG’s are largely due to genetic 

factors (Smit, Posthuma, Boomsa, & De Geus, 2005). One EEG pattern that has a clear 

genetic link is the low-voltage fast EEG pattern associated with alcoholism (Bierut et al., 

2002; Winterer et al., 2003). The low-voltage fast pattern is characterized by increased 

beta or fast brainwave activity and reduced slow brainwave EEG activity, especially in 

the alpha frequency range (Winterer et al.). Other EEG patterns have been connected 

to various disorders and psychopathology, including ADHD, schizophrenia, obsessive 

compulsive disorders, and dementia (di Michele, Prichep, John, & Chabot, 2005; John 

et al., 1994; Prichep & John, 1992). Given the high heritability of the EEG, it is likely that 

many of these disorders have a high genetic component.  

Identifying the neurobiological correlates of these disorders can improve the 

ability to identify individuals at greater risk for developing a particular disorder (e.g. 

alcoholism) and enhance treatment efficacy, for instance, by predicting medication 

response (Gunkelman, 2006). Thus, these phenotypes represent neurobehavioral 

markers.  
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Mu and Phenotypes 

Convergent evidence suggests that mu reactivity may be linked to disorders in 

which motor functions are affected. Although no distinct group of behavioral symptoms 

has been directly associated with the presence of a prominent mu rhythm, research 

relating the mu rhythm to the mirror neuron system suggests that a behavioral 

phenotype may soon be discovered. This behavioral phenotype may include a number 

of social and behavioral difficulties, such as those commonly associated with autism 

(Fecteau et al., 2006). Further, the expression of this phenotype may be a result of 

abnormal brain development, which manifests as a dysfunctional mirror neuron system 

(Fecteau et al.). On the other hand, behavioral genetics research suggests that this 

particular EEG pattern is largely genetically determined. Identifying a specific 

physiologic, diagnostic marker would have significant implications for the diagnosis, 

treatment, and intervention in a host of disorders associated with the mu rhythm. Thus, 

the purpose of this study was to examine the relationship between neuropsychological 

factors and the presence of a prominent mu rhythm with the hope that increased 

understanding of this mysterious EEG pattern will shed light on its potential 

neurobiological significance.  
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RESEARCH QUESTIONS AND HYPOTHESES 

The general purpose of the current study was to further explore the relationship 

between the mu rhythm and psychological and neuropsychological characteristics. By 

comparing the psychological and neuropsychological data of individuals with and 

without a prominent mu rhythm, it was expected that distinct differences might emerge 

between the two groups. Specifically, the current study investigated the following 

research questions and tested five hypotheses:  

1. Is the prevalence rate for the mu rhythm higher in a clinical population seeking 

treatment than the prevalence rates reported for the general population?   

Hypothesis 1: The prevalence rate for the mu rhythm will be higher for clients 

presenting for treatment at the Neurotherapy Lab compared to the prevalence 

rates for the general population.  

2. Is the presence of a prominent mu pattern related to particular symptoms or group of 

symptoms and/or diagnoses? 

Hypothesis 2: The presence of mu will be related to specific diagnoses and 

presenting problems and/or symptoms. 

3. Do adults with a prominent mu rhythm have more symptoms of affective disorders 

and social problems compared to individuals without a prominent mu pattern?   

Hypothesis 3:  Compared to the control group, adults with a mu pattern will show 

increased psychological symptoms in the following areas:  (a) depression, (b) 

anxiety, (c) obsessiveness, (d) thought problems and (e) social problems (e.g., 

social withdrawal, social discomfort).  
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4. Do children with a prominent mu rhythm have increased behavioral and 

psychological problems compared to children without a prominent mu pattern?   

Hypothesis 4: Compared to the control group, children with a mu pattern will 

show increased emotional and behavioral problems in the following areas: (a) 

depression, (b) anxiety, (c) attention, (d) social problems, (e) thought problems, 

and (f) behavioral problems.   

5. Do individuals with a prominent mu pattern (both children and adults) show 

differences in measures of executive functioning such as inattention and impulsivity?   

Hypothesis 5: Both children and adults with a mu pattern will differ from the 

control group on the following variables of attention: (a) inattention, measured by 

omission errors; (b) impulsivity, measured by commission errors; (c) processing 

speed, measured by response time; (d) performance decrement, measured by d’ 

(d prime); (e) neurological immaturity or dysfunction, measured by multiple 

responses; and (f) variability.   
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METHOD 

A between-groups comparison with one independent variable and multiple 

dependent variables was used to test the hypotheses. An equal number of age-matched 

controls were selected to examine group differences on the dependent variables. The 

independent variable was the presence or absence of the mu rhythm in the EEG signal 

recording and/or topographic maps. For all participants, the dependent variables for 

psychological and behavioral symptoms were (a) depression, (b) anxiety, (c) 

obsessiveness, (d) thought problems, (e) social problems, (f) attention, and (g) 

behavioral problems. The dependent variables for attention were (a) inattention, (b) 

impulsivity, (c) processing speed, (d) performance decrement, (e) neurological 

immaturity or dysfunction, and (f) variability.  

 

Participant Characteristics 

A total of 80 participants were included in the present study with 40 participants 

in the mu group (experimental group) and 40 in the non-mu group (control group). 

Participants ranged in age from 6 years to 62 years with a mean age of 23.0 years (SD 

= 16.48) and there 40 participants in the pediatric group and 40 in the adult group. The 

entire study sample consisted of 62 males (77.5%) and 18 females (22.5%). Seventy-

one participants (88.8%) were right-handed, 8 were left-handed (10%), and 1 was 

ambidextrous (1.3%). Attention difficulties (75%) and depression (65%) were among the 

most common reported problems at the initial intake assessment (see Table 1), followed 

by sleep difficulties (52.5%), head injury (46.3%), anxiety (37.5%), and memory 

difficulties (35.7%). The majority of participants (76%) were taking medication at the 

   24



  

time of their initial assessment (see Table 1). Twenty-six percent of participants 

reported taking stimulant medications, such as Ritalin, Adderall, and Concerta. Twenty-

one percent of participants were taking selective serotonin reuptake Inhibitors (SSRIs) 

including, Zoloft, Paxil, Lexapro, and Celexa.     

 

Instruments 

Quantitative EEG 

The quantitative EEG (qEEG) is one of the standard pretreatment assessments 

administered to all new clients at the Neurotherapy Lab. The qEEG provides information 

regarding clients’ neurophysiologic functioning. EEG data were digitally recorded at 19 

scalp electrode sites contained within a Lycra cap and referenced to linked ears using 

either a Lexicor Neurosearch-24 digital EEG system or a Deymed TruScan 32 digital 

system. The EEG was recorded across several conditions, including eyes open resting, 

eyes closed resting, and a reading task. In accordance with the UNT Neurotherapy Lab 

procedures for qEEG collection, electrode resistances were kept below 5 K ohms and 

equal to within +/-1 K ohm between leads. On the Lexicor equipment, bandpass filters 

were set at .5 to 30 Hz, and the sampling rate was set at 128 samples per second. On 

the Deymed equipment, bandpass filters were set at .5 to 80 Hz and the sampling rate 

was set at 128 samples per second when exported for analysis. EEG data were 

analyzed and edited using Hudspeth’s NeuroRep software, which produces topographic 

maps and spectral displays and includes measures of absolute and relative power, 

coherence, phase, asymmetry and correlation indices (Johnstone & Gunkelman, 2003). 

The presence or absence of a prominent mu rhythm is typically observed and 
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noted by the qEEG technician in several places in a client file, including:  (1) 

topographic maps, (2) collection and editing notes, and/or (3) the qEEG interpretive 

report. The mu rhythm is most clearly evident in either the EEG signal recording or in 

the topographic brain maps in the eyes open record (Fisch, 1999). Specifically, it can be 

identified as significantly increased power at C3 and C4 in the alpha range in both the 

EEG signal recording and in the topographic maps (see Appendices A and B for 

examples). Finally, a mu pattern is typically noted in the qEEG technician’s editing notes 

or in the final qEEG report. All of the above data sources were utilized in the present 

study.  

 

Test of Variables of Attention 

The Test of Variables of Attention™ (TOVA) is a continuous performance test 

designed to measure sustained attention and impulse control (The TOVA Company, 

n.d.). In addition, the attention variables measured by the TOVA may be regarded as 

mechanisms of executive functions (Kropotov et al., 2007). The TOVA is administered 

via computer and subjects respond to stimuli using a microswitch rather than a mouse 

or keyboard. The TOVA includes two separate tests: a visual and an auditory test, 

termed the TOVA and the TOVA-A, respectively. Each test is approximately 20 minutes 

in length. In addition, each version has its own norms and psychometric properties. 

Reviewers of the TOVA point out that the auditory version of the TOVA lacks an adult 

normative sample and has limited data on validity (Greenberg, Corman, & Kindschi, 

n.d.). Therefore, for the purposes of this study only data from the visual portion of the 

TOVA was utilized.  
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Norms for the visual portion of the TOVA include 2,000 individuals from ages 4 to 

80 years (Greenberg & Kindschi, 1996). The TOVA manual provides reliability 

information in terms of internal consistency, and the reported correlation coefficients 

were generally acceptable. However, the manual provides minimal information 

regarding validation procedures (Greenberg, Corman, & Kindschi, n.d.). The author of 

the test reports that the TOVA results correlate with ADHD diagnoses between 84-86% 

of the time (Greenberg, n.d.). Llorente and colleagues (2001) demonstrated that the 

TOVA has high internal consistency and satisfactory test-retest reliability. However, 

their results showed less reproducibility of individual scores and the authors caution that 

the TOVA should be interpreted in combination with other diagnostic information. In 

sum, it should be noted that one of the limitations of the TOVA is the lack of information 

on the test’s validity and reliability.  

The attention variables measured by the TOVA include errors of omission, errors 

of commission, response time, response time standard deviation, d' (d prime), 

anticipatory responses, variability, and multiple responses. Errors of omission, which 

are considered a measure of inattention, refer to a failure to respond to a target 

(Greenberg & Kindschi, 1996). Conversely, errors of commission occur when one 

responds to a nontarget, and these errors are thought to reflect impulsivity and/or 

disinhibition (Greenberg & Kindschi). Response time is the time in milliseconds that it 

takes an examinee to respond correctly to the target, and response time standard 

deviation is the standard deviation of the correct response times. The anticipatory 

responses variable is considered a measure of guessing, and refers to any response 

that occurs before the stimulus appears. The d' score is derived from signal detection 
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theory, and it is considered a measure of performance decrement or the rate of 

performance deterioration over time (Greenberg & Kindschi). According to the test’s 

authors, multiple responses are recorded when a subject presses the microswitch more 

than once in response to a stimulus. This variable is considered a reflection of 

neurological status (Greenberg & Kindschi). Variability is a measure of consistency. 

Finally, an ADHD score is derived from a combination of variables including the mean 

response time (Half 1), d' score (Half 2), and variability (Total). The ADHD score is 

designed to show how similar an individual’s score is to that of a person with an ADHD 

profile. However, excessive errors or one invalid quarter can prohibit calculation of the 

ADHD score. Therefore, since not all participants in the current study had an ADHD 

score, this variable was not included in the analysis. Thus, the following TOVA 

dependent variables were included based on their relevance to the research question: 

omission errors, commission errors, response time, performance decrement over time, 

variability, and multiple responses. With the exception of the multiple responses score, 

the variables of attention are reported as standard scores.  

 

Minnesota Multiphasic Personality Inventory-2 

The Minnesota Multiphasic Personality Inventory-2® is a standardized, self-

report questionnaire designed to assess psychological and social functioning (Groth-

Marnat, 2003). The MMPI-2 includes 567 items and it can be administered to individuals 

ages 18 or older. The test is comprised of the following clinical scales: Scale 1 

(Hypochondriasis), Scale 2 (Depression), Scale 3 (Hysteria), Scale 4 (Psychopathic 

Deviate), Scale 5 (Masculinity-Femininity), Scale 6 (Paranoia), Scale 7 (Psychasthenia), 
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Scale (8) Schizophrenia, Scale 9 (Hypomania), and Scale 0 (Social Introversion). There 

are several validity scales, including the “?” (Cannot Say scale), VRIN (Variable 

Response Inconsistency scale), TRIN (True Response Inconsistency scale), F scale 

(Infrequency), Fb scale (F back), the L (Lie) scale, and the K (Correction) scale.  

In addition to the clinical scales, content scales may be used to supplement 

interpretations of the clinical and validity scales. Commonly used content scales include 

the Harris-Lingoes subscales and Supplementary scales. The content scales are 

divided into clusters of internal symptoms, external aggressive tendencies, negative 

self-view, and general problem areas (Groth-Marnat, 2003).  

The MMPI-2 reliability estimates fall in the moderate range for internal 

consistency and temporal stability (Groth-Marnat, 2003). Validity estimates tend to vary 

from scale to scale (Spreen & Strauss, 1998). Overall, a number of criticisms have been 

noted with regard to the MMPI scale construction, as well as high correlation between 

the clinical scales (Groth-Marnat).  Specifically, the MMPI-2 clinical scales were 

developed using an empirical keying method which relied on individuals’ existing clinical 

diagnoses (Butcher & Tellegen, 1978). This method of scale construction weakens the 

discriminant validity of the clinical scales (Spreen & Strauss).  Additional criticisms of 

the MMPI-2 include its limited standardization, lack of control for age effects, poor item 

selection, redundancy and heterogeneity of scales, and overlap in item content (Spreen 

& Strauss).   

Scores from the MMPI-2 were used to assess adult clients’ emotional adjustment 

and functioning at the time of their initial evaluation. Scores from the following clinical 

scales were included in the analyses:  Scale 2 (Depression), Scale 7 (Psychasthenia), 
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Scale 8 (Schizophrenia), and Scale 0 (Introversion). Scale 2 reflects signs and 

symptoms of depression, such as hopelessness, helplessness, and pessimism. Scale 7 

addresses symptoms commonly associated with anxiety disorders such as fears, 

doubts, obsessions and compulsions. Scale 8 was originally designed to identify 

persons experiencing symptoms of Schizophrenia, though a high score does not 

necessarily indicate that a person would meet the criteria for Schizophrenia (Groth-

Marnat, 2003). Scale 8 includes items related to social alienation, unusual thought 

processes, and perceptual disturbances. Finally, Scale 0 is a reflection of social 

introversion or how comfortable one is participating in social activities. T scores were 

used in the analyses as use of raw scores is discouraged when data from both genders 

is combined (Green, Gwin, & Staal, 1997; Butcher & Tellegen, 1978). Non-K corrected 

T scores were obtained and analyzed as it has been suggested that the K scale may act 

as a suppressor variable, which could theoretically remove valid variance from clinical 

scores (Barthlow, Graham, Ben-Porath, Tellegen, & McNulty, 2002; Green, Gwin, & 

Staal, 1997).  

In addition to the clinical scales, two content scales, Obsessiveness and Social 

Discomfort, were included in the present analysis based on their relevance to the 

research questions. The Obsessiveness scale assesses for symptoms such as 

rumination, compulsive behaviors, and difficulty making decisions (Groth-Marnat, 2003). 

The Social Discomfort scale measures shyness, social withdrawal, and discomfort in 

social situations (Graham, 2000).  

 

   30



  

Child Behavior Checklist 

 The Child Behavior Checklist (CBCL/6-18) is part of the Achenbach System of 

Empirically Based Assessment® (Achenbach, 2001) which is a multiple-rater system 

used to assess the behavior and personality of youth (Achenbach, et al., n.d.). The 

CBCL/6-18 is the most current version of the behavioral rating form, which obtains 

reports from parents, close relatives, and/or guardians regarding children’s 

competencies, as well as behavioral and emotional problems (Achenbach & Rescorla, 

2001). Parents provide information for 20 competence items covering their child's 

activities, social relations, and school performance. The CBCL has 113 items that 

describe specific behavioral and emotional problems, plus three open-ended items for 

reporting additional problems.  

The CBCL/6-18 yields raw scores, T scores, and percentiles for three 

competence scales, total competence, eight syndromes scales, two broad-band 

groupings of syndromes, total problems, and DSM-oriented scales (Achenbach & 

Rescorla, 2001). The competence scales assess a child’s functioning in the following 

areas: Social, School, and Activities (e.g., sports). In addition, the CBCL/6-18 also 

yields a Total Competence score. The syndromes scales include the following symptom 

categories:  (1) Aggressive Behavior, (2) Anxious/Depressed, (3) Attention Problems, 

(4) Rule-Breaking Behavior, (5) Social Problems, (6) Somatic Complaints, (7) Thought 

Problems, and (8) Withdrawn/Depressed. The types of items and behaviors contained 

within each syndrome scale include the following:  

1. Aggressive behaviors:  defiance, disobedience, and physical aggression. 
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2. Anxious/depressed:  scale includes symptoms such as worrying, guilt, 

feelings of worthlessness, and crying 

3. Attention problems:  impulsivity, inattention, difficulty concentrating 

4. Rule-breaking/delinquent behavior:  breaking rules and laws, swearing 

5. Social problems:  teased, dependent, lonely 

6. Somatic complaints: headaches, stomach aches, fatigue 

7. Thought problems:  strange behavior or ideas, sleep disturbance, 

hallucinations 

8. Withdrawn/depressed: sad, withdrawn, lacks energy 

In addition to the individual syndrome scales, the scoring profile yields scores 

from two broad-band scales, Internalizing and Externalizing problems. The Internalizing 

scale reflects symptoms or problems that occur “within the self” (Achenbach & Rescorla, 

p. 24). The Externalizing scale includes problems that mainly involve conflicts with other 

people. The Total problems score includes all problems reported by the rater, including 

a list of additional problems which are not included in any syndrome scales. On the 

CBCL, the total problems score can range from 0 to 240.  The new DSM-oriented 

scales cover several problem areas that are intended to correspond to DSM diagnostic 

categories.  These include Affective Problems, Anxiety Problems, Attention 

Deficit/Hyperactivity Problems, Conduct Problems, Oppositional Defiant Problems, and 

Somatic Problems.  

In 2001, the CBCL was revised to include a new normative sample (Achenbach 

& Rescorla, 2001). Prior to 2001, the CBCL school-age forms were for children between 

4 and 18 years of age compared to the 2001 forms for children between ages 6 and 18. 
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In addition, the school-age forms were revised to replace problem items such as items 

that were unscored or rare. Thus, a total of 6 items out of 118 items on the CBCL/4-18 

version were changed. The revised school-age forms also include the six new DSM-

oriented scales. In the present study, some clients received the CBCL/4-18, while 

others received the updated version of the CBCL (CBCL/6-18); therefore, the 

development and psychometric characteristics of both versions will be explained.  

The CBCL/4-18 normative sample included 2,368 children from ages 4-18. 

Children were selected from 48 states and composed of 73% Caucasian, 16% African 

American, 7% Latino, and 3% other ethnicities (Achenbach, n.d.). In approximately 82% 

of the cases, the primary informant was the child’s mother. The CBCL/4-18 has high 

reliability ratings with test-retest reliability above .80, and internal consistency averaging 

around .80 (Achenbach). For broad syndrome categories (e.g., Internalizing, 

Externalizing, and Total Problems) the internal consistency and test-retest coefficients 

are exceptional (Achenbach). In general, the broader syndrome scales are the most 

stable (Achenbach). Reliability of syndrome scales, like all behavioral rating scales, 

depends heavily on the raters and is therefore less stable (Achenbach). In terms of 

validity, the CBCL/4-18 has been shown to have high concurrent validity to other similar 

instruments such as the Behavior Assessment System for Children (BASC) and the 

Conners’ Parent Rating Scale (Achenbach).  

The latest version of the Child Behavior Checklist, the CBCL/6-18, was normed 

on 1,753 children who denied having received professional help for behavioral or 

emotional problems within the preceding 12 months (Achenbach & Rescorla, 2001). 

The sample was collected from children in 40 states across the United States and the 
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demographic statistics reveal a diverse group in terms of ethnic, socioeconomic status 

(SES), and regional variables (Achenbach & Rescorla). As with the CBCL/4-18, mothers 

were most often the primary informant (72% of cases). Psychometric properties of the 

CBCL/6-18 are strong with reliability estimates falling within the moderate to high 

ranges (Achenbach et al., n.d.). The test-retest reliability correlations ranged from. 93 to 

1.00 for the item scores and were approximately .90 for the CBCL competence and 

problem scales (Achenbach & Rescorla). Test-retest reliability for the DSM-oriented 

scales yielded correlations ranging from .79 to .88. Internal consistency ranged from .63 

to .79 for the Competence scales, from .78 to .97 for the Syndrome scales, and from .72 

to .91 for the DSM-Oriented scales (Achenbach & Rescorla). Several kinds of validity 

are discussed and demonstrated in the test manual. The test’s authors maintain that 

content validity has been demonstrated through past research and has consistently 

shown that items discriminated significantly between children referred for mental health 

services and those not referred for such services. Criterion-validity has also shown 

significant discrimination between children. Construct validity has been demonstrated 

through comparisons with similar measures, as well as with DSM criteria (Achenbach & 

Rescorla). Finally, the test manual offers guidelines on the appropriate use of the CBCL 

forms in research contexts. The authors recommend using raw scores rather than T 

scores for statistical analyses due to the truncation of T scores (Achenbach & 

Rescorla).  In addition, since clients received different versions of the CBCL, the use of 

T scores was not feasible because scores were derived from different normative 

samples.   
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Procedures 

 Following IRB approval, an extensive chart review was conducted using the 

client files from the UNT Neurotherapy Lab, a direct, client-service facility that provides 

clinical neurofeedback and quantitative EEG services to individuals from the community 

at large. For inclusion in the study, client files had to include the following:  

1. A quantitative EEG assessment completed prior to treatment, including editing or 

artifacting notes from the qEEG technician or a sample of the EEG signal recording.  

2. Topographic brain maps from an eyes open recording obtained during the initial 

quantitative EEG assessment.  

3. A written record or documentation of the client’s presenting problem or symptoms 

and/or previous diagnoses. 

4. For adults, a completed Minnesota Multiphasic Personality Inventory-2 (MMPI-2) 

protocol. Clients with incomplete or invalid MMPI-2 protocols were excluded from the 

sample. MMPI-2 protocols missing more than 30 items were not included in the 

sample.  

5. For children, a completed Child Behavior Checklist (CBCL) from a parent or 

primary caregiver. 

6. A completed report from the visual portion of the Test of Variables of Attention 

(TOVA).  

At the time of the chart review, 498 clients had been seen for treatment in the lab 

since its inception. After an initial review of the files, the decision was made to include 

only clients seen for treatment during the period of 1999 to 2007. Although there were 

client files dating back to 1991, use of these earlier files was not feasible for two 
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reasons. First, clients seen for treatment prior to 1998 were administered the qEEG 

using different acquisition devices and analysis software than the equipment that was 

used with clients seen for treatment 1999 or later. Secondly, earlier files had a higher 

percentage of missing or incomplete data, including data which is necessary for clear 

identification of the mu pattern (e.g., topographic brain maps and qEEG analysis 

interpretation notes.)  Thus, a total of 161 files from the period of 1999 to 2007 were 

reviewed, including initial contact forms, intake questionnaires, pre-treatment 

assessment data, qEEG collection and interpretation notes, qEEG data, and intake 

reports. Out of those 161 clients, 46 clients were identified as having a distinct mu 

pattern. Three of the client files identified with a mu pattern were missing assessment 

data from the TOVA, MMPI-2, and/or the CBCL. Age and sex-matched controls were 

then identified from the pool of 161 files.  The eligible sample included a 

disproportionate number of males and females with 61% (99) males and 39% (62) 

females. To be eligible for inclusion in the control group, participants had to meet the 

following criteria: 1) have no evidence of a prominent mu rhythm, 2) satisfy age and sex 

matching criteria, and 3) have completed assessment data. Age matching criteria for 

pediatric clients was +/- 1 year and for adult clients +/- 2 years. Due to the conservative 

matching criteria, only forty participants were identified as appropriate age and sex-

matched controls. Thus, a total of 80 files were selected for analysis with 40 individuals 

in the mu group and 40 in the control group, as well as 40 children and 40 adults. 

Statistical analyses were used to test whether the groups were appropriately matched 

on the variables of age and sex.  A t test was used to test the variable of age and 

results indicated that the groups were highly similar and thus satisfied the matching 
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criteria (t(78) = .189, p = .850).  A chi-square analysis was used to test matching on the 

variable of sex. Results showed that the groups were sufficiently matched with no 

significant differences observed between mu and control groups on the variable of sex 

(χ2(1, N = 80) = .672, p = .412). 

Information on each client’s presenting problem, previous psychiatric diagnoses, 

medical or neurological diagnoses, and list of current medications was identified for all 

80 participants. For adults, this information was typically found in several places:  the 

initial contact form, the intake report, and the qEEG record form. For children, such 

information was found in the intake form completed by the parent or guardian, the qEEG 

record, and on behavior checklists, such as the CBCL. 

 

Statistical Analyses 

 SPSS® for Windows® (Version 14.0.2, SPSS Inc, Chicago, IL) statistical 

software was utilized for the creation of a database and for conducting statistical 

analyses. Additional analyses were conducted using R: A Language Environment for 

Statistical Computing (Version 2.5.0).  

Unless otherwise specified, results were considered statistically significant if the 

probability levels were .05 or less. The False Discovery Rate (FDR) method was utilized 

to adjust probability levels due to multiple contrasts (Benjamini & Hochberg, 1995). FDR 

is considered to be less strict and thus more powerful in controlling the family wise 

error-rate (FWE) in multiple hypothesis testing (Yekutieli & Benjamini). The alpha 

criterion levels generated by the FDR method were used to determine significance 

levels. In addition, effect sizes and confidence intervals were calculated for each 
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analysis as recommended by the American Psychological Association (Publication 

Manual, 2004). A confidence interval provides a range of values within which a 

population value lies (Hinton, Brownlow, McMurray, & Cozens, 2004), and in the 

present study confidence intervals were reported for effect size statistics. Effect size 

estimates were calculated using Cohen’s d statistic, and the following benchmarks were 

used as tentative guidelines for interpretation: .20 = small effect, .50 = medium effect, 

.80 = large effect (Cohen, 1992).  The specific analyses used to test the hypotheses 

were as follows:    

 

Analysis of Hypotheses I 

To determine the prevalence rate for the mu rhythm for the current sample, the 

number of clients with a distinctive mu pattern (n = 46) was compared to the total 

number of client files reviewed (n=161). The ratio was calculated by dividing the number 

of clients with a distinctive mu pattern from the total number of files reviewed. In 

addition, the prevalence rate for the mu rhythm among clients presenting with specific 

disorders, such as attention deficit disorder and autism was calculated using the same 

method.    

 

Analysis of Hypothesis II 

To examine the relationship between presenting problems and the presence of 

mu, a list of all possible presenting problems and diagnoses was constructed so 

responses could be converted to discrete variables. Responses were then coded as 0 

(no) or 1 (yes) for all variables. Pearson’s chi square tests with Yates’ continuity 
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correction were used to analyze differences between groups on demographic 

characteristics and presenting problems.  Assumptions were tested prior to analyses 

and Phi was calculated to measure strength of association.  

 

Analyses of Hypothesis III, IV, V 

 One-way, between groups Analysis of Variances (ANOVAs) were calculated to 

compare the MMPI-2, CBCL, and TOVA scores of the mu group with the scores of the 

control group. Tests were conducted to determine if the underlying assumptions (e.g., 

normality, homogeneity of variance) were met.  
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RESULTS 

Testing of Assumptions 

The data were initially screened for accuracy, outliers, and missing data. There 

were no missing scores from the MMPI-2 and CBCL measures. A percentage of TOVA 

scores were missing (7%).  However, there did not appear to be a pattern of missing 

data; rather the missing data were determined to be random. Given the small sample 

size, deletion of missing cases was not feasible; thus, mean substitution was used to 

estimate missing values.  

Tests were conducted to determine if the underlying assumptions for the Analysis 

of Variance (ANOVA) were met (e.g., normality, homogeneity of variance). Specifically, 

Levene’s Test of Homogeneity of Variance was used to assess homogeneity of 

variance for all variables. Results of the Levene’s test revealed that the homogeneity of 

variance assumption was met for all variables used in the analyses. The Q-Q plots were 

inspected and measures of skewness and kurtosis were calculated to determine if the 

dependent variables were normally distributed. Inspection of histograms and z-scores 

were used to identify univariate outliers. The Mahalanobis distance statistic was used to 

assess for multivariate outliers (Tabachnick & Fidell, 2001). Descriptive statistics, 

graphs, and correlation matrices were generated and examined to identify means, 

standards deviations, ranges, and outliers.  

Inspection of plots and calculations of skewness and kurtosis revealed that the 

assumption of normality was met for all MMPI-2 variables and there were no univariate 

or multivariate outliers. No univariate or multivariate outliers were found for the TOVA 

scores. Several univariate outliers were detected on the following CBCL scales:  
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Withdrawn/Depressed, Thought Problems, Attention Problems, and Social Problems. 

Following z-score transformation, outliers were considered significant if greater than 

3.29. The outliers which were determined to be accurate and part of the target 

population were retained in the analysis. Raw scores of outliers were changed by 

assigning a new score which was one unit larger than the next most extreme score in 

the distribution (Tabachnick & Fidell, 2001). Analyses were conducted on the data both 

with and without outliers and the analyses yielded similar results. However, inclusion of 

the outliers appeared to violate the assumption of normality for two CBCL variables: 

Social Problems and Thought Problems. Thus, only the results of the data without 

outliers are reported. Once the outliers were altered, the assumption of normality was 

met for all CBCL variables.  

Two of the TOVA variables, Omission and Commission scores, were found to be 

moderately negatively skewed even after elimination of outliers. Tabachnick and Fidell 

(2001) recommend the square root transformation for moderately negatively skewed 

variables. Thus, analyses were performed on both transformed and original data for 

Omission and Commission scores. Analyses yielded similar results and only the results 

from analyses performed on the original data (untransformed variables) are reported. 

Prior to chi-square analyses, the data were examined to determine if the 

following assumptions were met: independence of observations, normality, inclusion of 

nonoccurances, and that the expected count of cell frequencies was larger than 5. 

Analysis of assumptions revealed that the presenting problem variables of Autism and 

Seizures violated the assumption that the expected count of cell frequencies be larger 

than 5. In other words, there were fewer than five cases per cell for the presenting 
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problems of Autism and Seizures; thus, analyses were not performed on these two 

variables. Assumptions were met for all other variables for chi-square analyses.  

 

Preliminary Data Analyses 

Frequency and descriptive statistics were calculated on the demographic data of 

the two groups (see Table 1). A one-way ANOVA was utilized to determine if there were 

significant baseline mean differences between the two groups according to gender, age, 

or handedness. Results demonstrated there were no significant differences between 

groups according to age (F (1,79) =.003; p = .957; adjusted p =.957), gender (F (1,79) = 

.346; p = .558; adjusted p = .837), or handedness (F (1,79) = .702; p = .405; adjusted p 

= .837). The adjusted p values reflect the FDR adjusted probability levels for multiple 

comparisons (Benjamini & Hochberg, 1995). 

A preliminary analysis of covariance (ANCOVA) was conducted on all TOVA 

scores using age as a covariate. The ANCOVA was conducted to rule out the potential 

influence of developmental or maturational factors on the TOVA scores. Results of the 

ANCOVA showed that age did not significantly predict any of the dependent variables 

on the TOVA. Therefore, age did not appear to influence scores on the TOVA and was 

not considered a potential confounding variable.   

 
Results of Primary Analyses 

 
Prevalence Rates and Presenting Problem Analyses (Hypotheses I and II) 
 
  The prevalence rate of a prominent mu rhythm among the client population 

eligible for inclusion in the current study was 28.57% (46 of 161). Table 2 provides the 

prevalence rates of the mu pattern based on 14 possible presenting problems or 
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diagnoses. The largest discrepancy between the mu and control groups appeared for 

the following symptoms/diagnoses: tics, sensory integration problems, anxiety, and 

developmental delay.     

To test the second hypothesis, a Pearson’s chi square analysis was performed 

on the 14 symptom categories to test for differences in symptoms and presenting 

problems reported by members of each group. As previously noted, the presenting 

problems of Autism and Seizures were excluded from the analyses due to a violation of 

assumptions.  Table 3 shows the results of the chi-squares analyses and includes the 

Phi statistic for each comparison. Phi is a measure of effect size for 2 x 2 contingency 

tables (Kline, 2004). Results of the chi-square analyses did not reveal significant 

differences in presenting problems between the two groups. In addition, effect sizes for 

all presenting problems were generally small.  

 
MMPI-2 results (Hypothesis 3) 
 
 A one-way, between groups analysis of variance (ANOVA) was calculated to  

compare MMPI-2 scores of the mu group with scores of the control group for  

selected clinical scales (2/D, 7/Pt, 8/Sc, 0/Si) and for selected content scales  

(Obsessiveness and Social Discomfort). A total of 40 participants were included in 

MMPI-2 analyses with 20 in each group. As presented in Table 4, results revealed no 

significant differences between groups on any of the MMPI-2 clinical scales under 

investigation. As previously noted, the adjusted probability levels refer to the FDR 

adjustment for multiple contrasts. Results of the MMPI-2 clinical scales were as follows:  

Scale 2/Depression (F(1, 38) = .06, p = .80, adjusted p = .89), Scale 7/Psychasthenia 

(F(1, 38) = .20, p = .89, adjusted p = .89), Scale 8/Schizophrenia (F(1, 38) = .05, p = 
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.83, adjusted p = .89), and Scale 0/Introversion (F(1, 38) = .284, p = .597, adjusted p = 

.89). Similarly, neither of the content scales selected for analysis revealed significant 

differences between groups: Obsessiveness (F(1, 38) = .21, p = .65, adjusted p = .89) 

and Social Discomfort (F(1, 38) = 2.93, p = .10, adjusted p = .57).  Effects sizes ranged 

from low (.06 for Schizophrenia) to moderate (.54 for Social Discomfort) and are 

presented in Table 4. Examination of the means and standard deviations presented in 

Table 5 and Figure 3 reveals the means for each group are very similar. The largest 

mean difference of 5.7 occurred on the Social Discomfort scale; however, the difference 

did not occur in the expected direction, as the control group showed higher scores on 

social discomfort than did individuals with a mu pattern.   

 
CBCL results (Hypothesis 4) 
 
 CBCL scores for the mu and control groups were also analyzed using a one-way, 

between groups ANOVA. 20 participants were in each group (mu and control) with a 

total of 40 participants. The majority of raters were mothers (88%) and the remaining 

informants were fathers and grandparents (12%). The CBCL scales under investigation 

included the following:  Withdrawn/Depressed, Anxious/Depressed, Attention Problems, 

Social Problems, Thought Problems, and Aggressive Behavior. Results of the analyses 

are summarized in Tables 6, 7, and 8. Three syndrome scales yielded significant 

differences between the mu and non-mu groups: Social problems (F(1, 38) = 8.62, p = 

.006, adjusted p = .015), Thought Problems (F(1, 38) = 8.57, = p = .006, adjusted p = 

.015), and Attention Problems (F(1,38) =  8.45, p = .006, adjusted p = .015). Results 

were still significant after applying the FDR adjustment for multiple comparisons and 

large effect sizes were observed on all three scales: Social Problems (d = .93), Thought 

   44



  

Problems (d = .79), and Attention Problems (d = .92). Three syndrome scales failed to 

show statistically significant differences between groups:  Withdrawn/Depressed 

(F(1,38) = 2.46, p = .13, adjusted p = .16),  Anxious/Depressed (F(1,38) = 2.81, p = .10, 

adjusted p = .15), and Aggressive behavior (F(1,38) = 1.68, p = .20, adjusted p = .20). 

However, effect sizes were in the moderate range for the latter three clinical scales: 

Withdrawn/Depressed (d = .50) Anxious/Depressed (d = .53), and Aggressive Behavior 

(d = .41). Table 8 displays the CBCL means and standard deviations for the mu and 

control groups. All mean differences occurred in the expected direction with the mu 

group demonstrating increased symptoms or problems on all CBCL scales compared to 

the control group (see Figures 1 and 2).  Confidence intervals for Cohen’s d are 

displayed in Figure 6, showing relatively narrow intervals.  

 Although not under investigation, Tables 8 lists the ANOVA results for the CBCL 

broad symptom categories, including Internalizing and Externalizing scales as well as 

the Total Problems score. Significant differences were noted on the Internalizing 

(F(1,38) = 5.27, p = .03, adjusted p = .05) and Total Problems scales (F(1,38) = 14.45, p 

= .001, adjusted p = .01) both before and after adjusting for multiple comparisons. Large 

effect sizes were also observed for both Internalizing (d = .73) and Total Problems (d = 

1.20). The Externalizing scale did not yield a statistically significant difference (F(1,38) = 

2.27,  p = 0.14, adjusted p = .16) and a moderate effect size was observed (d = .48).  

 
TOVA Results (Hypothesis V) 
 
 A one-way, between groups ANOVA was used to compare TOVA scores for all 

80 participants (40 per group). Table 9 shows results of the analyses for the six scales 

under investigation including, Response Time, Variability, d′ (d prime), Multiple 
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Responses, Omission errors, and Commission errors. The only statistically significant 

difference was found on the Commission errors scores (F(1, 78) = 4.13, p = .05, 

adjusted p =.17); however, after adjusting for multiple comparisons this finding was no 

longer significant. The other TOVA scores did not yield significant differences between 

groups, including the following scales: Omission Errors (F(1,78) = 1.28, p = .26, 

adjusted p = .52), Response Time (F(1,78) = .003, p = 0.96, adjusted p = .96), 

Variability (F(1,78) = .23, p = .63, adjusted p = .89), d′/d prime (F(1, 78) = 3.74, p = .06, 

adjusted p = .17), and Multiple Responses (F(1,78) = .106, p = .75, adjusted p = .89). 

Effect sizes were in the small range for all scales except for Commission errors (d = .45) 

and d′/d prime (d = .43), which were in the moderate range (see Table 9). Means and 

standard deviations are displayed in Table 10 and show that the mu group had lower 

scores on the following scales: d′ (d prime), Commission errors, and Omission errors. 

Means for Response Time, Variability, and Multiple Responses were similar, although 

the control group showed a slightly greater number of multiple responses (more errors) 

and lower scores on the Variability scale which is contrary to predicted hypotheses (see 

Figures 4 and 5). 
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DISCUSSION 

 The fundamental objective of this study was to examine the relationship between 

a unique cortical rhythm, the mu rhythm, and psychological and neuropsychological 

symptoms. This study sought to isolate the neurophysiologic significance of the mu 

rhythm by determining whether specific clusters of symptoms can be linked to its 

presence. Using psychological and neuropsychological measures, individuals with and 

without a prominent mu pattern were compared on a number of variables, including 

affective symptoms, social problems, behavioral problems, and attention. The 

prevalence rate for mu among the clinical sample was calculated.  In addition, clients’ 

initial presenting problems were examined to compare patterns between groups. 

Ultimately, the hypotheses under investigation were partially supported. The following is 

a summary of the major findings, including explanation of results which failed to support 

hypotheses as well as discussion of the results in the context of extant research. Lastly, 

limitations, clinical and theoretical implications, and recommendations for future 

research will be discussed.  

 

Summary and Explanation of Findings 

Demographic Variables 

As predicted in the first hypothesis, the prevalence rate of a prominent mu 

rhythm was significantly higher for clients presenting for treatment at the Neurotherapy 

Lab (30%) compared to the population estimates ranging from 5-19% (Niedermeyer, 

1997; Tyner et al., 1983, Fisch, 1999). This is consistent with McDonald and Bars 

(1998) findings, as well as with anecdotal reports from clinicians who observe higher 
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rates of the mu rhythm in clinical populations, particularly among clients identified as 

having attention problems (e.g., Thompson & Thompson, 2003, pp. 41-42). However, in 

contrast to Thompson and Thompson’s observation that a seemingly high number of 

children presenting with attention problems show a unique mu rhythm, analyses did not 

show statistically significant differences between groups in the number of participants 

presenting with attention difficulties.  Although the prevalence rate was higher for the 

current sample than those reported in the literature, it has been suggested that the 

detection of the mu rhythm may vary widely depending on the type of analyses used 

and the mental state of the individual undergoing an EEG recording (Cochin et al., 

1998).  Given the discrepancies reported in the literature, interpretation of the 

prevalence rate obtained in this study must be done with caution.      

Statistical analyses of participants’ initial diagnoses and presenting problems 

failed to yield any statistically significant differences, and thus the second hypothesis 

was not supported. However, when participants’ presenting problems and diagnoses 

were visually inspected, a distinct pattern was observed. Individuals with a detectable 

mu rhythm had 25-30% greater incidence of the following symptoms and/or diagnoses: 

developmental delay, anxiety, sensory integration problems, and tics. With the 

exception of anxiety, most of these symptoms or diagnoses fall within the categories of 

neurological and developmental disorders or symptoms. This finding is consistent with 

the literature linking mu reactivity to disorders such as Parkinson’s Disease (Defebvre et 

al., 1996), Multiple Sclerosis (Leocani et al., 2005), Seizure Disorder (Derambure, 1997) 

and Autism Spectrum Disorder (Oberman et al., 2005). The fact that participants with a 

mu rhythm had a higher percentage of anxiety symptoms and diagnoses is more difficult 
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to interpret, since anxiety is a broad construct encompassing a wide range of 

symptoms. At least one study has linked mu reactivity to a specific anxiety disorder, 

obsessive-compulsive disorder (Leocani et al., 2001). However, given the lack of 

statistical support and the broad nature of anxiety, conclusions cannot be drawn based 

on this finding. 

 

Psychological Functioning Among Adults 

Adults did not show significant differences in affective symptoms such as anxiety 

and depression based on the presence of mu. Examination of means revealed that 

group means were essentially equivalent and effect sizes were negligible. This finding 

clearly failed to support the third hypothesis that individuals with a mu pattern would 

show increased psychological symptoms and suggests that the mu rhythm is unrelated 

to affective processes and symptoms in an adult clinical population.  

Also, contrary to predictions, adults with a mu pattern did not evidence more 

social problems as measured by Social Introversion and Social Discomfort scales. In 

fact, adults without a mu pattern showed greater social discomfort as measured by the 

MMPI-2. Although this finding was not statistically significant, a moderate effect size 

was observed. This result is difficult to explain especially given the divergent findings on 

two theoretically and statistically similar MMPI-2 scales, the Introversion (Scale 0) and 

Social Discomfort (SOD) scales (Barthlow, Graham, Ben-Porath, & McNulty, 1999). 

Potential explanations include differences in response styles, as well as differences in 

self-awareness of social discomfort. Measurement of social constructs can be 

confounded by reliance on self-report, which does not account for discrepancies or 
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deficits in self- and social awareness. That is, accurate self-reporting requires social and 

perceptual skills such as insight, self-awareness, and self-monitoring. However, these 

explanations are merely speculative, and given the lack of statistical significance and 

disagreement between the MMPI-2 scales (Scale 0 and SOD), definitive interpretations 

are not feasible. It is worth noting that individuals with a prominent mu pattern were 

predicted to manifest greater social problems and discomfort based on research linking 

mirror neurons to emotional understanding and social functioning in children (Dapretto 

et al., 2006). Given the maturational differences between children and adults, it may be 

that this unique brain-behavior relationship is qualitatively different for individuals at 

distinct developmental stages. In other words, neurophysiological differences among 

children may not extend to adult populations.   

 No detectable differences were found between groups on symptoms of unusual 

thought processes and perceptual disturbances. As with the affective variables, group 

means were effectively equivalent on Scale 8 (Schizophrenia). Results failed to support 

the hypothesis that adults with a mu pattern have increased thought problems and 

perceptual disturbances, suggesting that mu bears little relationship to these symptoms 

among an adult clinical population.  

 

Psychological Functioning Among Children 

As with the adults in this sample, there were no statistically significant differences 

between children with and without a mu pattern in terms of affective symptoms. 

However, examination of means and effect sizes revealed that children with a mu 

pattern showed increased symptoms of depression and anxiety with moderate effect 
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sizes observed for both scales (.50 or greater). Although not statistically significant, this 

finding lends some support to the original hypotheses and diverges from the negligible 

group differences observed for adults.  

Statistically significant differences and large effect sizes (.80 or greater) were 

observed between groups of children for the following variables: Social Problems, 

Thought Problems, and Attention Problems. According to caregiver ratings, children 

with a prominent mu rhythm had significantly more social problems such as being 

teased and feeling lonely compared to children without a mu rhythm. In addition, 

children with a mu pattern demonstrated significantly more thought problems (e.g., 

strange behavior and/or ideas) than children without a mu pattern. Finally, children with 

mu also had significantly more attention problems, including inattentiveness and 

impulsivity, according to parental ratings. Examination of the CBCL broad-band 

categories revealed that children with a detectable mu pattern had significantly more 

problems overall, as well as increased internalizing problems (e.g., anxiety, loneliness). 

These findings were statistically significant with moderate to large effect sizes. At least 

one neuropsychological study by Sollee and Kindlon (1987) yielded a similar pattern of 

results using the CBCL. Their study examined the CBCL findings of children with known 

neurological impairments and found that children with lesions or impairments in the non-

dominant hemisphere (typically right-sided) showed higher Internalizing scores. The 

authors speculate that children with dysfunction in the right hemisphere may have 

greater difficulty with emotional processing and interpretation of nonverbal cues, which 

in turn leads to greater difficulty in interpersonal interactions (Sollee & Kindlon). Mirror 

neuron dysfunction is believed to result in similar social misperceptions (Pineda et al., 
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2007). Perhaps the most compelling results from this analysis involve the pattern of 

significant findings observed for children in the mu group. Specifically, the majority of 

behavioral problems observed in children with a mu pattern are problems associated 

with frontal lobe or executive functioning (e.g., attention, social skills). Thus, the current 

findings are consistent with research on the mirror neuron system and its role in 

developmental disorders, such as autism spectrum disorder (ASD). Williams and 

colleagues (2001) speculate that impairments in the mirror neuron system may impede 

the development of social abilities and executive functions. In the current study, children 

with a mu pattern not only showed difficulty in social adjustment and attention, they also 

had increased problems across almost all symptom categories. This finding in the 

context of the research suggests that children with a prominent mu rhythm may 

experience challenges in specific areas related to executive functions and that these 

deficits may compromise their overall adjustment.  

 

Neuropsychological Variables 

After adjusting for multiple comparisons, there were no statistically significant 

differences between individuals (both children and adults) with or without a mu pattern 

on a neuropsychological measure of attention, the TOVA. Furthermore, no significant 

differences or substantial effect sizes were found on variables of inattention, processing 

speed, and neurological immaturity or dysfunction. However, individuals with a mu 

pattern showed significantly more errors on a measure of impulsivity. This finding was 

significant prior to adjusting for multiple contrasts, and yielded a moderate effect size. 

While not statistically significant, individuals with a mu pattern also showed greater 
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decline in performance over time on a continuous performance task and a moderate 

effect size was observed. Despite the lack of statistical significance, the pattern of mean 

differences and moderate effect sizes lend support to the hypothesis that individuals 

with a mu pattern show more impulsivity and difficulty maintaining attention and 

concentration over time. Additionally, these results suggest that the presence of a 

prominent mu pattern may only affect specific aspects of attention, namely response 

inhibition and performance over time. These neuropsychological findings are consistent 

with recent research by Kropotov and colleagues (2007), which examined changes in 

EEG characteristics and performance on a GO/NOGO task among a group of ADHD 

children following 20 sessions of neurofeedback. Interestingly, following neurofeedback 

training, children with ADHD showed both increased event-related desyncrhonization in 

the alpha range, or mu suppression, and improved performance on a measure of 

response inhibition/impulsivity.  Kropotov and colleagues suggest that the mu 

suppression that occurs with the initial presentation of a stimulus represents a motor-

preparatory set. Therefore, it makes sense that impairments in motor preparation might 

result in problems with response inhibition. Similarly, research examining 

neurophysiological changes during a visuomotor task showed that mu power is 

significantly reduced during periods of increased performance (Slobounov, Fukada, 

Simon, Rearick & Ray, 2000). In addition, Slobounov and colleagues found that mu 

suppression increases as task complexity increases. In the current study individuals in 

the mu group showed decreased performance over time on a visual attention task. One 

possible explanation could be that a decrease in mu suppression or event-related 

desyncrhonization led to performance decrement over time in participants with a 
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prominent mu rhythm. Since event-related desyncrhonization is thought to reflect 

cortical activation, it could be that as participants fatigued during a task requiring 

sustained attention, cortical activation and hence mu suppression decreased. This 

theory is consistent with Niedermeyer and colleagues (1997) speculation that a 

prominent mu pattern represents hyperexcitibility of the motor and sensorimotor 

regions. Furthermore, hyperexcitability of the motor cortex is thought to play a role in the 

symptom of fatigue reported by patients with multiple sclerosis (Leocani et al., 2001), 

which further supports the theory that individuals in the mu group showed performance 

decrement due to heightened activation of the motor cortex and subsequent fatigue.  

 

Mu and Phenotypes 

The present study is one of the first to look at the presence of a prominent mu 

rhythm and psychological correlates among an outpatient clinical population. Results 

suggest that the presence of a prominent mu pattern is associated with specific social, 

cognitive, and attention symptoms in children. This relationship is consistent with 

previous research linking the mu rhythm to social and behavioral difficulties (Fecteau et 

al., 2006), especially among autistic children. Given that significant patterns emerged 

among children but not adults, this discrepancy might indicate that the mu rhythm is 

largely a neurodevelopment phenomenon. However, results must be interpreted with 

caution due to the incompatible assessment measures used with children and adults.     

The main objective of the current study was to examine the neurophysiological 

characteristics of the mu rhythm and increase understanding of its presence in EEG and 

qEEG data. In the context of previous research, these results support the notion that the 
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presence of a prominent mu pattern in the resting EEG is possibly a neuromarker for 

social cognition and social development, as well as attention and motor abilities. 

Furthermore, the findings are in keeping with the new framework proposed by 

Gunkelman (2006) for classifying psychological and neuropsychological symptoms. 

Gunkelman suggests that specific EEG and QEEG findings be used to construct 

clusters of similar problems and symptoms, thereby forming a new taxonomy, termed 

phenotypes. This study supports the view that EEG patterns and characteristics can be 

used in part to categorize psychological and neuropsychological symptoms.   

 

Limitations 

Given the lack of statistically significant results for several of the proposed 

hypotheses, it is important to consider the study’s limitations. Thus, several limitations 

are discussed, including the use of archival data, sample characteristics, measurement 

characteristics, and medication effects.  

 

Archival Data 

One of the primary limitations of this study is the use of archival data. There are a 

number of disadvantages associated with using archival data. First, the integrity and 

consistency of the files was variable because the data were collected over a number of 

years and by different clinicians. In addition, the number of files with missing data 

limited the total number of files eligible for inclusion in the study, ultimately reducing the 

overall sample size. Limited control over assessment measures is another disadvantage 

of using data that has already been collected. In the current study the use of different 
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assessment measures for children and adults was a significant shortcoming, prohibiting 

comparison of results across age groups.  

 

Sample Characteristics 

The small sample size must be considered as a possible explanation for the lack 

of statistically significant results, particularly when the pattern of mean differences 

occurred in the expected direction. For instance, both results from the  

TOVA and chi-square analyses revealed differences between mu and non-mu groups in 

the expected direction; however, mean differences did not reach statistical significance. 

Since smaller samples typically have reduced power (Kline, 2004), it is likely that the 

sample of 80 was not large enough to detect statistically significant relationships. It 

would be interesting to see if a larger sample would yield statistically significant 

differences in measures of attention and presenting problems. Certain sample 

characteristics compromise the external validity of the study. Specifically, the 

disproportionate number of boys to girls in the pediatric group and the fact that the 

sample was not representative of all age groups reduces the generalizability of the 

results. In addition, since the sample was drawn from an outpatient mental health 

setting, results cannot be generalized to normal populations.  

 

Measurement Characteristics 

As previously stated, separate assessment measures were used for children and 

adults, and the lack of control over the administration of psychological assessments is 

one of the major limitations of the current study. Furthermore, the use of incompatible 
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assessment formats may have resulted in conflicting results for children and adults. For 

instance, children’s psychological functioning was assessed using the CBCL, a 

behavioral rating form completed by a parent or primary caregiver. Conversely, adults’ 

psychological functioning was measured by the MMPI-2, a self-report measure with 

distinct psychometric properties. In addition, each measure has its own set of 

limitations, and the drawbacks of each measure are considered separately.  

The MMPI-2 has a number of psychometric characteristics that can become 

problematic when it is used in research (Butcher & Tellegen, 1978). For instance, the 

MMPI-2 is a self-report measure and as such it is dependent on the quality of the data 

respondents provide. In the current study, the individual MMPI-2 clinical scales were 

used as dependent variables. However examination of individual scales is not how the 

MMPI-2 is typically utilized; rather, the entire MMPI-2 profile is typically examined 

(Spreen & Strauss, 1998). Furthermore, discriminant validity for the individual scales is 

questionable (Spreen & Strauss) in part because the MMPI-2 clinical scales were 

developed using empirical keying methods that relied on individuals’ existing clinical 

diagnoses (Butcher & Tellegen). Because the MMPI-2 was constructed using a method 

that relies on external criteria (i.e., preexisting diagnoses of the normative sample), the 

individual scales do not necessarily represent neatly defined constructs. This represents 

a significant drawback since the clinical scales (i.e., dependent variables) cannot be 

presumed to measure the construct implied by the scale names (Butcher & Tellegen). 

Thus, poor construct and discriminant validity must be considered a possible 

explanation for the lack of significant differences observed on MMPI-2 clinical scores. 
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Similarly, the MMPI-2 content scales have also been criticized for weak convergent and 

discriminant validity (Jackson, Fraboni, Helmes, & Ontario, 1997).  

In general, the CBCL enjoys strong psychometric properties; however, one of its 

major disadvantages is the reliance on caregivers’ observations and appraisal of 

behavior (Konold, Walthall, & Pinanta, 2004). Results from behavioral ratings cannot be 

considered objective since they are subject to rater bias (Konold et al.). That is, ratings 

are influenced by the perceptions and motivations of the informant and tend to vary 

across raters (Konold et al.; Myers & Winters, 2002). The fact that caregiver ratings 

were the primary behavioral assessment for children represents a significant 

shortcoming and a threat to external validity. Since the majority of raters were mothers 

(88%) it cannot be assumed that results would be similar using fathers’ and teachers’ 

ratings.    

 

Medication Effects 

 Many of the participants were taking medication at the time the data were 

collected. Medications can alter resting EEG activity, introducing a potential confound 

into the EEG and qEEG data (Hammond & Gunkelman, 2001). Since the effects of 

medication on mu activity are uncertain, this represents a threat to internal validity. In 

addition, certain medications, such as stimulants, may have influenced participants’ 

performance on assessment measures such as the TOVA. Ultimately, the current 

sample is likely to be representative of a typical clinical population with some 

participants on medication and some not, thereby increasing the generalizability of 

results.  
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Clinical Implications 

Results indicate that a prominent mu pattern has clinical significance for children 

in an outpatient mental health setting. Possible behavioral correlates for a pediatric 

clinical population may include social deficits and attention problems. Social problems in 

children may encompass symptoms such as difficulty getting along with peers, being 

teased, and feeling lonely. Behavioral symptoms associated with attention problems can 

include impulsivity, inattentiveness, and difficulty concentrating.  

Of interest to neurofeedback clinicians is whether mu should be targeted in EEG 

training. Results of the current study suggest that in the very the least, the presence of a 

prominent mu pattern should be documented and considered in developing and 

executing neurofeedback training (NFT) protocols. Recent research has begun to 

examine the effects of NFT training on the mu rhythm (Coben & Hudspeth, 2006; 

Pineda et al., 2007). Pineda and colleagues demonstrated that operant training of the 

mu rhythm resulted in EEG changes and improved imitation behavior and attention in 

children diagnosed with autism spectrum disorder (ASD). Interestingly, Pineda and 

colleagues also examined the effects of NFT on the mu rhythm in a normal 

undergraduate population. They found that learning to self-regulate the mu rhythm was 

associated with improvement in specific aspects of social cognition, namely action 

comprehension. In a similar study, Coben and Hudspeth (2006) showed that coherence 

training significantly reduced mu activity and improved social and emotional functioning 

in individuals diagnosed with ASD. These studies indicate that self-regulation of the mu 

rhythm is a viable training modality and holds promise as a treatment intervention for a 

number of disorders and/or symptoms.  
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Recommendations for Future Research 

Several recommendations for future research logically follow from the results of 

this study. First, replication of results with a larger sample size is recommended, as is 

the use of more objective and comparable assessment measures for adults and 

children. Controlling for medication effects and other potential confounding variables 

associated with the use of archival data is also recommended. Furthermore, it would be 

useful to add neuropsychological measures and brain imaging data to compare specific 

areas of brain functioning in individuals with and without a mu pattern, potentially 

increasing understanding of the underlying brain mechanisms associated with the mu 

rhythm. Finally, another area which has yet to be explored is the role genetic factors 

play in the presence of a prominent mu pattern. Future research might also examine 

familial EEG patterns among individuals with a mu pattern to further tease out the 

genetic and neurological influences associated with this mysterious pattern.    
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Table 1 
 
Demographic Characteristics of Participants (N = 80) 
  
 Characteristics    n   % 
 
Presenting Problem      

Depression     52   65 
 Anxiety     30   37 
 Learning disability    26   32.5 
 Attention     60   75 
 Sensory-perception problems  25   31.3 
 Developmental delay   21   26.3 
 Eneuresis     12   15 
 Tics      14   17.5 
 Seizures     10   12.5 
 Autism     4   5  
 Brain injury     37   46.3 
 Sleep problems    42   52.5 
 Memory problems    30   37.5 
 Substance abuse    18   22.5 
 
No. of participants taking medication  61   76 
 
Type of medication     
 Stimulant Medication   21   26.3  
 SSRI      17   21.3 
 Antihistamine    9   11.3 
 Antipsychotic     5   6.3 
 Anticonvulsant    4   5 
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Table 2 

Prevalence of Mu Pattern by Presenting Problem (N=80) 
 
 Presenting  Mu group  Control group Total  
 Problem    
 
    n %  n %     n %  
 
Anxiety   19 63.3  11 36.7  30 37.5  
 
Attention   29 47.5  32 52.5  61 76.3 
 
Autism   3 75.0  1 25.0  4 5.0 
 
Brain injury   20 54.1  17 45.9  37 46.3 
 
Depression   28 53.8  24 46.2  52 65.0 
 
Developmental delay 14 63.6  8 36.4  22 27.5 
 
Enuresis   7 58.3  5 41.7  12 15.0 
 
Learning disability  16 61.5  10 38.5  26 32.5 
 
Memory problems  13 44.8  16 55.2  29 36.3 
 
Sensory integration  16 64.0  9 36.0  25 31.3   
 
Seizure   5 50.0  5 50.0  10 12.5 
 
Sleep disturbance  22 52.4  20 47.6  42 52.5 
 
Substance abuse  10 55.6  8 44.4  18 22.5 
 
Tics    9 64.3  5 35.7  14 17.5 
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Table 3  
 
Chi-square Analysis of Presenting Problems for Mu and Control Groups 

 
 Problem  X2  df  p  Φ 
 

Anxiety   3.41  1  .07  .21 
 

Attention   .62  1  .43  .08    
 
Brain injury  .45  1  .50  .07   

 
Depression  .88  1  .35  .11 

 
Developmental delay 2.26  1  .13  .17 

 
Enuresis   .39  1  .53  .07 

 
Learning disability 2.05  1  .15  .16 

 
Memory problems .49  1  .49  .08 

 
Sensory integration 2.85  1  .09  .20 

 
Sleep disturbance .20  1  .65  .05 

 
Substance abuse .29  1  .59  .06 

 
Tics   1.36  1  .24  .13 
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Table 4 
 
One-way Analysis of Variance for MMPI-2 Scores 

 
  Variable and source df SS  MS  F d p 

 
Scale 2 (Depression)  
  

Between groups  1 15.63  15.62  0.06 .08 .80 
  
Within groups  38 9321.15 245.23   

 
Scale 7 (Psychasthenia) 
 

Between groups  1 4.90  4.90  0.02 .24 .89 
 
Within groups  38 9095.50 239.35  

 
Scale 8 (Schizophrenia) 
 

Between groups  1 9.03  9.03  0.05 .06 .83 
 
Within groups  38 7496.35 197.27 
 

Scale 0 (Introversion) 
 

Between groups  1 38.03  38.03  0.28 .17 .60 
 

Within groups  38 5079.35 133.67 
 
Obsessiveness 
 

Between groups  1 32.40  32.40  0.21 .14 .65 
 

Within groups  38 5908.00 155.47 
 
Social Discomfort 
 

Between groups  1 324.90 324.90 2.93 .54 .10 
 
Within groups  38 4220.60 111.07 

Note. d = effect size. 
*p < .05.   
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Table 5 
 
Means and Standard Deviations for MMPI-2 Scores 
      
           Mu group      Control group 
 

Variable   M    SD  M  SD 
 
Scale 2 (Depression)  66.30  16.97  65.05  14.23 
 
Scale 7 (Psychasthenia)  66.35  15.38  67.05  15.56 
 
Scale 0 (Introversion)  52.65  13.10  54.60  9.79 
 
Schizophrenia   63.10  14.40  62.15  13.68 
 
Obsessiveness   56.30  13.60  58.10  11.22   
 
Social Discomfort   48.40  11.04  54.10  10.02 
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Table 6 
 
One-way Analysis of Variance for Child Behavior Checklist (CBCL) Syndrome Scales  

    
Variable and source df SS  MS  F d p 

 
Withdrawn/Depressed 

    
Between groups  1 13.23  13.23  2.46 .50 .13 
 
Within groups  38 204.55 5.38 

 
Anxious/Depressed 

    
Between groups  1 67.60  67.60  2.81 .53 .10 

    
Within groups  38 914.30 24.06 

 
Social problems 

    
Between groups  1 96.10  96.10  8.62 .93 .006** 
 
Within groups  38 423.50 11.15 

 
Thought problems 

    
Between groups  1 112.23 112.23 8.57 .79 .006** 

    
   Within groups  38 497.55 13.09 
 

Attention problems 
 

Between groups  1 122.50 122.50 8.45 .92 .006** 
    

Within groups  38 551.00 14.50 
 

Aggressive problems 
 

Between groups  1 84.10  84.10  1.68 .41 .20 
  

      Within groups  38 1902.30 50.06 
Note. d = effect size. 
*p < .05. **p < .01. ***p < .001.  
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Table 7 
 
One-way Analysis of Variance for Child Behavior Checklist (CBCL) 
 
Broad Syndrome Scales 

 
Variable and source df SS  MS  F d p 

 
Total score    

 
Between groups  1 5953.60 5953.60 14.45 1.20 .001**  
     

   Within groups  38 15658.80 412.07   
 

Internalizing score   
   

 Between groups 1 291.60 291.60 5.27 .73 .03* 
 
   Within groups  38 2102.30 55.32 
 

Externalizing score   
    

Between groups  1 176.40 176.40 2.27 .48 .14 
    

Within groups  38 2951.01 77.66 
Note. d = effect size. 
*p < .05. **p < .01. ***p < .001.  
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Table 8 
 

Means and Standard Deviations for CBCL Variables 
            
        Mu group      Control group 
 

Variable    M    SD  M  SD 
 
CBCL Total Score  63.40  24.06  39.00  15.65 
 
CBCL Externalizing  16.35  9.03  12.15  8.59 
 
CBCL Internalizing  14.65    7.56  9.25  7.31 
 
CBCL Withdrawn/Dep  3.40  2.46  2.25  2.17 
 
CBCL Anxiety   8.25  4.78  5.65  5.03 
 
CBCL Social Problems  6.95  3.80  3.85  2.80 
 
CBCL Thought Problems 5.85  4.55  2.50  2.35 
 
CBCL Attention Problems 12.50  4.11  9.00  3.48 

 
CBCL Aggressive Behavior 12.75  6.86  9.85  7.29 
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Table 9 
 
One-way Analysis of Variance for Test of Variables of Attention (TOVA)  

 
Variable and source df SS  MS  F d p 

 
Multiple Responses  
  

Between groups  1 19.91  19.91  0.12 .07 .75 
 
Within groups  78 13927.20 178.55 

 
Omission 

 
Between groups  1 621.61 621.61 1.28 .25 .26 
 
Within groups  78 37871.30 485.53  

 
Commission 
 

Between groups  1 1390.78 1390.78 4.13 .45 .04* 
 

Within groups  78 26264.47 336.72 
 
Response Time 
 

Between groups  1 1.76  1.76  0.01 .01 .96 
 

Within groups  78 51322.86 657.99 
 
Variability 
 

Between groups  1 161.14 161.14 0.23 .11 .63 
 
Within groups  78 53639.47 687.69 

 
D Prime 
 

Between groups  1 945.31 945.31 3.74 .43 .06 
 

Within groups  78 19696.37 252.52 
Note. d = effect size. 
*p < .05. 
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Table 10 
 

Means and Standard Deviations for TOVA Variables 
         
      Mu group      Control group 
 

Variable  M    SD  M  SD 
 
Multiple Responses  4.16  9.16  5.14  16.58 

 
Omission   88.34  23.51  93.92  20.46 

 
Commission   93.11  19.92  101.44 16.63 

 
Response Time  95.66  27.95  95.36  23.12 

 
Variability   84.89  27.15  82.06  25.26 

 
D Prime   89.07  15.20  95.94  16.55 
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Figure 1. CBCL mean scores, syndrome scales (n = 40). *p < .01. 
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Figure 2. CBCL mean scores, broad syndrome scales (n = 40)/ *p < .01. 
 

   71



  

 

MMPI-2 Mean Scores

0 20 40 60 80

Depression

Psychasthenia

Introversion

Schizophrenia

Obessiveness

Social Discomfort

Control

Mu

 
 
Figure 3. MMPI-2 clinical scales, mean scores (n = 40). *p < .05. 
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Figure 4. TOVA mean scores (n = 80).* p < .05. 
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Blue = 95% CI 
Red = 80% CI 

 
Figure 5. Cohen’s d confidence intervals, TOVA Variables (N= 80). 
 
 
 

 

Blue = 95% CI 
Green = 80% CI 

 
Figure 6. Cohen’s d confidence intervals, CBCL  Variables (n = 40). 
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Blue = 95% CI 
Red = 80% CI 

 
Figure 7. Cohen’s d confidence intervals, MMPI-2 Variables (n = 40). 
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APPENDIX  
 

EXAMPLES OF PROMINENT MU RHYTHM  
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Example of EEG signal waveform with prominent mu rhythm 
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Example of mu rhythm in topographic map  
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