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ABSTRACT. Background. Poor self-regulation of arousal is central to the behavioral difficulties
experienced by children with traumatic caretaker attachment histories. EEG biofecdback leaches
chuldren to self-regulate brain rhythmicity, which may in turn affeet global improvements in the ar-
eas of atleauon, aggression, impuise control, and trust formation. Rebcamh literature reports suc-
cessful use of neurofeedback for children with ADHD, autism, asthma, stroke, and migraine. This
study extends current research by investigating the cffectiveness of neurofeedback in reduunU be-
havioral problems commonly cbserved in abused/neglected children.

Methods. Treatment records of twenty adopled ckildren with histories of removal from their bi-
ological home hy Child Protective Services were obtained from a private neurofeedback practice.
All of the children were assessed prior to treatment using the Child Behavior Checklist (CBCL)
and the Test of Variables of Attention (TOVA) and again after 30 sessions of individualized,
qEEG-guided neurofeedback.

Resulrs. T-test analysis of pre- and post-scores on {he CBCL showed significant changes in the
areas ol externalizing problems, inlernalizing problems, social problems, aggressive behavior,
thcught probln_ms dclinquem behavior, anxielv/dcplession, and attention problems (p < .03).
TOVA onussion error, commission error, and variability scores also improved significantly fol-
lowing neurofecdback training (p <.05). Some pre-treatment gEEG patterns common to this group
of children were identified.

Conclusions. The CBCL and TOVA score improvements observed in this study indicate that
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nearofeedback is effective in reducing behavioral, emotional. social, and cognilive problems in
children with histories of neglect and/or abuse. doi:10.1300/184v10n04_02 [Article copies available
Sfor a fee from The Haworth Document Delivery Service: 1-800-HA WORTH. E-mail address: <docdelivery@
haworthpress.com> Website: <htip:/fwww. HaworthPress.com= © 2006 by The Haworth Press, Inc. All

rights reserved.]

KEYWORDS. qEEG, neurofeedback, reactive attachment disorder, child abuse, child neglect, ‘

behavior disorders, self-regulation

INTRODUCTION

Attachment Relationships
and the Development of Self-Regulation

Over thirty years ago, Bowlby asserted the
central importance of early caretaker refation-
ships on the social and emotional development
of children. His attachment theory suggested
that an infant’s ability to cope with stress is cor-
related with biologically driven mother-child
hehavior patterns that promote primary care-
taker proximity (Bowlby, 1969). Ainsworth,
Blehar, Waters and Wall (1978) expanded this
theory by defining four infantattachmentstyles
and contributing a greater understanding of the
purpose behind the primary care giver'srole: to
provide a secure base from which a child ex-
plores his/her surroundings and incorporates
internal working models of trusting relation-
ships. This seminal work was followed by a
wealth of empirical research demonstrating a
correlation between level of atiachment secu-
rity and the development of a wide range of
psychopathology in children and adults, in-
cluding mood, personality, conduct, and anxiety
disorders (Crittenden, 1995; Schore, 1994).

Attachment behaviors serve important pro-
tective functions beginning at birth, and are
believed to correspond with the onset of inde-
pendent locomotion in vertebrates (Clutton-
Brock, 1991). Increasing evidence suggests that
a primary function of the attachment relation-
shipis to develop a child’s ability to setf-moni-
tor affect, self-regulate physiological arousal
level, and seif-organize coping functions for
stress (Cassidy. [994; Cicchetti & Tucker,
199:4). Kopp (1989) asserts that the develop-
ment of affect regulation proceeds from initial
reliance on a caregiver, to self-soothing behav-
iors, and finally to language based cognitive
coping strategies. The central role of attach-

ment in the developmentof self-regulationmay
explain why relational trauma from the social
environment has been shown tohave more neg-
ativeimpacton the rapidly developing brains of
infants and children than assaults fromthe inan-
imate physical environment (Schore, 2001;
Sgoifo, Koolhaas & De Boor, 1999).

Because infants and young children are un-
able to effectively modulate affective and phys-
iological arousal states independently, their de-
veloping capacity to cope with dysregulated
states depends on the responses of caregivers
who are psychobiologically attuned to their
needs (Schore, 1994). Caretakers externally
manage infants’ psychophysiologic states by
responding to them in consisteitly sensitive
ways, for example through accurate mirroring
of affect and sensitivity to gaze aversion as a
signal of over-stimulation (Field, 1994). Through
such processes, childrenlearntodevelopstrate-
gies to manage high arousal and regain a state
of organization when homeostasis has been
disrupted. Research by Goldberg, MacKay-
Soroka, and Rochester (1994} showed that
mothers in securely attached relationships with
their infants responded equally to their babies’
positive and negative affects, whereas mothers
in poorly attached relationships responded pre-
dominantly to negative affects (therefore con-
ditioning their children to increase negative af-
fective behaviors). Thus, strategies developed
early in life to manage arousal can be under-
stood as forming the neurodevelopmental
building blocks of lifelong personality struc-
ture and affective behavior patterns (Bradley,
2000).

Neurophysiological Impact
of Early Relationship Trauma

When caregivers are neglectful, inconsis-
tent, or abusive, infants and young children are
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left vulnerable to psychophysiological distress
states from which they cannot escape. Two in-
teracting response patterns have thus far been
identified in children. The first is a hyper-
arousal (fight or flight) response, which is
mediated by sympathetic activation of the
limbic-hypothalamic-pituitary-adrenal (HPA)
axis, and results in increased levels of cortisol,
acetylcholine, adrenaline, and noradrenaline
within the developing brain. The second re-
sponse, more common in gitls and younger
children/infants, is the “dissociative” contin-
uwm, whichis mediated by the parasympathetic
activation of dorsal vagal responses (i.e., re-
duced metabolism, heart rate, and respiration
rate), endogenous opioids, and the dopa-
minergic system (Perry & Pate, 1994). The
hyperarousal and dissociative responses to
stress are not discreet; rather, when stressful sit-
uations are perceived to be hopeless or over-
whelming, initial sympathetic arousal may be
followed by disengagement from external
stimuli via parasympathetic activation of the
vagal and opioid systems (Perry, 1994).
Prolonged hyperarousal/dissociative states
can chronically dysregulate a child's psycho-
physiological stress-response systems (e.g.,
the HPA axis) and patterns of coping behaviors
(e.g., withdrawal or aggression; Manassis &
Bradley, 1994; Post, Weiss, & Leverich, 1994).
Chronic dysregulation is associated with sensi-
tization of the brain stem and midbrain neuro-
transmitter systems, such that early adverse at-
tachment experiences essentially “kindle™ the
limbic areas of the brain to be physiologically
reactive (Post, Rubinow, & Ballenger, 1984).
In particular, van der Kolk and Greenberg
(1987)have suggested that the repeated trauma
of child abuse may dispose the stress-sensitive
amygdaloid nuclet to develop a kindling re-
sponse, by whichrepeated intermittent stimuola-
tion produces increasingly greater alterations
in neuronal excitability, potentially resulting in
seizures. Othmer, Othmer, and Kaiser (1999)
describe the kindling process as a “practice ef-
tect” of the brain’s successive experiences of
dysfunction or overarousal, and suggest that
vulnerable physiologic feedback systems tend
to become more dysregulated over time when
leftalone. Work by Adamec and Stark-Adamec
(1989) demonstrates that kindling in the
amygdata induces a “defensive personality” in

domestic cats, the intensity of which is medi-
ated by both expetience and strength of
neurotransmission between the basomedial nu-
cleus of the amygdala and the ventromedial nu-
cleus of the hypothalamus. Because of the
dense interconnections amongst the prefrontal
cortex, hypothalamus, amygdala, thalamas,
cingulate gyrus, and hippocampus, it appears
likely that various patterns established through
early attachment experiences could set a prece-
dent for the deveiopment of relatively auto-
matic affect-regulating mechanisms within
these feedback systems of the brain (Schore,
1994; Bradley, 2000).

In relational trauma, the developing limbic
system is repeatedly exposed to high fevels of
excitotoxic neurotransmitters, such as gluta-
mate, cortisol, and NMDA-sensitive gluta-
mate receptor, all of which are associated
with neurotoxicity and abnormal synapse
elimination in early brain development (Choi,
1992; Moghaddam, Bolinao, Syein-Behrens,
& Sapolsky, 1994), It is hypothesized that
stress-induced increases in ghuccocorticoids in
postnatal periods selectively induce neuronal
cell death in the limbic system and impact ab-
normal limbic circuitry. In particular, there is
ample evidence that, inadults, the cellularorga-
nization of the hippocampus can be dramati-
cally affected by levels of corticosteroids,
which can exert deleterious effects on the
hippocampal pyramidal cells (Sapolsky, 1993;
Watanabe, Gould, & McEwen, 1992). In sepa-
rate studies, Carrion et al. (2001) and De Bellis
et al. (1999 found that children with histories
of trauma and PTSD symptoms had signifi-
cantly smaller total brain cerebral volume than
matched control groups. In both studies, after
statistically controlling for total brain volume,
no significant decreases in hippocampal vol-
umes were tound in the PTSD child population,
suggesting a more generalized effect of the
early developmental neurotoxic effects of
giucocorticoids.

According to Schore (2001), attachment ex-
periences in infancy particularly influence the
experience-dependant maturation of the right
orbitofrontat cortex. which is dominant for the
processing of affect-regulation, visual emo-
tonal information, and attachment experi-
ences. During the first few months after birth,
the right hemisphere develops more rapidly
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than the left, which theoretically makes it more
vulnerable to the consequences of extreme
stress and neglect (Galaburda, 1984). Further-
more, Read, Perry, Moskowitz, & Connolly
(2001) propose thatabuse from six months until
three to six years of age may have the greatest
differential effect on the left hemisphere. Their
findings are supported by the work of Teicheret
al. (1997), which suggests that dendritic growth
in the left hemisphere surpasses that of the right
hemisphere at about six months of age.
Nonspecific EEG abnormalities have been
found in populations of abused children, in-
cluding psychologically abused children and
physically abused children without head trauma
(Teicheretal., 1997; Green, Voeller, & Gaines,
1981). Van Bloem’s (2000) work with children
and adolescents diagnosed with RAD revealed
specific patterns of EEG slowing in the frontal
lobes and right temporal lobe. Fisher, Turber,
and Gunkelman (2005) also reported right tem-
poral as well as vertex slowing in gEEG’s of
chiidren with RAD. Ito, Teicher, Glod, &
Ackerman (1998) observed childhood physical
and sexual abuse to be associated with an in-
creased prevalence of lefi-sided EEG abnor-

malities (particularly fronto-temporally). In

terms of cortical EEG coherence, Teicheret al,
(1997) found thata group of sexually and physi-
cally abused children had greater average left
hemisphere hypercoherence than normal chil-
dren, but coﬁ%lmg‘mﬂspherc coher-
ence patterns (indicating diminished left hemi-
sphere differentiation in the abused group).
Their work highlights the relationship between
limbic system dysfunction and reversed left/
right hemispheric asymmetry, asserting the
possibility that early abuse may impede hemi-
spheric integration and the establishment of
normal left cortical dominance. In contrast, in
a small clinical sample of women, Black,
Hudspeth, Townsend and Bodenhamer-Davis
(2002) found histories of childhood sexual
abuse to be associated with hypocoherence in
left frontal regions in the theta and beta bands
and hypercoherence in posterior central re-
gions across all bands, although these findings
were not wholly replicated with a high func-
tioning non-clinical college sample of women
with sex abuse histories (Black, 2005).

The question naturally arises whether these
brain abnormalities may be at least partially the

result of genetic factors, intergenerational ef-
fects of parenting, or learned stress-coping
behaviors. Indeed, in addition to evidence of
intergenerational transmission of child abusein
humans (Kaufman & Zigler, 1989), thereis evi-
dence in group-living pigtail macaques of ge-
nealogical and demographic influences on ma-
ternal neglect and abuse of offspring (Dario,
Wallen, & Carroll, 1997). Because it is ethi-
cally difficult to design studies to tease apart
these hypotheses, there has not been definitive
research to clarify these questions. However,
there are a number of studies of neglected and
abused childrenin orphanage settings thathave
found dramatically smaller frontal-occipital
head circumferences (38% below the third per-
centile), as well as CT and MRI findings of en-
larged ventricles and cortical atrophy in this
population (Perry & Pollard, 1998; Rutteretal.,
1998). Using functional magnetic resonance
imaging (fMRI) with a populationof Romanian
orphans, Chungani et al. (2001) found these
children had decreased metabolicactivity in the
orbital frontal gyrus, intralimbic prefrontal cor-
tex, amygdala, hippocampus, lateral temporal
cortex, and brainsteiii.

Animal research with rats provides further
support for the neurodevelopmental impact of
neglect/physical abuse, specifically on hemi-
spheric laterality (Denenberg, 1983), hippo-
campal shrinkage (Meaney, Aitken, & van
Berkeletal., 1988), and alterations of neuro-en-
docrine stress response systems (Fride, Dan,
Feldon, Halevy, & Weinstock, 1986). Research
conducted with chimpanzees and gorillas
(Davenport & Rogers, 1970) and with rhesus
monkeys (Harlow & Harlow, 1965), thoughnot
neurophysiological in focus, demonstrates the
profoundly negative behavioral outcomes of
severe social deprivation during the first year of
life (similar to behaviors seen in neglected and
abused children). Intriguingly. thereisevenev-
idence that maternal neglect in invertebrate
wolf spiders results in decreased central ner-
vous system (CNS) development, as observed
in decreased brain weight and number ot brain
cells (Punzo & Ludwig, 2002). Spiderlings re-
moved from theirmothers also show less ability
to hunt and learn maze navigation, as compared
to spiderlings who remain with their mothers.

T
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Behavioral Manifestations of Relationship
Trauma

Neurodevelopmental research has estab-
lished that, because of the brain’s extreme mal-
leability and sensitivity to experience in early
childhood, traumatic events in the first few
years of life can have long-term impacts on
soclo-emotional and cognitive functioning.
This is particularly likely if events are severe,
unpredictable, or ambient-all of which de-
scribe relational trauma in the form of neglect
or abuse (Perry, 1994). Child neglect and abuse
have been shown to have anetiologicalroleina
remarkable range of behavioral disorders af-
fecting children, including attention deficit dis-
orders, mood and anxiety disorders, conduct
and oppositional defiant disorders, reactive at-
tachmentdisorder {(RAD), learning disabilities,
post-traumatic stress disorder (PTSD), eating
disorders, substance abuse, and dissociative
disorders (Beitchman et al., 1992; Boney-Mc-
Coy & Finkelhor, 1995). Although estimates
vary widely, some researchers propose that up
to 80% of abused children display symptoms of
severe attachment disturbance or RAD (Hall &
Geher, 2002).

Numerous studies demonstrate that children
who have been mistreated or have had multiple,
inconsistent caregivers are unlikely to develop
secure attachment styles (Fgeland & Sroufe,
1981). Insecure or “disorganized” attachment
(George & Main, 1979) is suggestive of a lack
of pattern/strategy for regulation of affect, thus
itis notsurprising that chitdren with histories of
disrupted attachment commonly experience
externalizing probiembehaviors, sleep and eat-
ing irregularities, and attentional difficulties
indicative of poor self-regulation functions
(DeGangi, 2000). Behavioraily, limbic dys-
regulation may inhibit a child’s capacity to
cope with stressors by maintaining heightened
arousability (e.g.. a child may rapidly escalate
from feeling slight anxiety to terror) and sup-
porting chronically heightened arousal states
{e.g., achild may not maintain a focused state
for academic learning due to hypervigilance to
threat). Foster and adoptive parents and profes-
sionals at Child Protective Services (CPS)
commonly voice concerns that these children
demonstrate peer aggression, stealing, food
hoarding/gorging, destruction of property,

poor impulse control, limited cause-and-effect
thinking, inappropriate sexual behavior, school
failure, and hyperactivity (Iwaniec, 1995). Dif-
ficulty forming trusting relationships, indis-
criminate affection with strangers concomitant
with refusal to give affection to family mem-
bers, limited ability to empathize, and poor
social skillsare alsoprevalentin this population
of children, particularly those diagnosed with
RAD (Hall & Geher, 2003).

Neurofeedback with Pediatric Populations

Neurofeedback, orelectroencephalographic
(EEG) biofeedback, is among the most promis-
ing modalities for the treatment of child and ad-
olescent psychological disorders. Interest in
neurofeedback’s potential as a therapeutic in-
tervention for pediatric populations is height-
ened by concerns regarding the uncertain
long-term effects of psychiatric and stimulant
medtcations on the developing brain (Wilens,
2004), Furthermore, for children with histories
of relational trauma, attachment disorders, or
RAD, conventional relationship-bhased thera-
ptes (including cognitive therapies and play-
based therapies) have demonstrated limited
clinical success (Chaniiz, 1995; Wilson, 2001).

There has been increasing clinical and empir-
ical support for the efficacy of neurofeedback in-
terventions for adolescentand child applications
(Hirshberg, Chui, & Frazier, 2005). The most
substantial literature supports neurofeedback
training to decrease slow wave activity while in-
creasing thepowerof 12-15 Hzand 15-18 Hz ac-
tivity for improvement of ADHD symptoms in
children (Linden, Habib, & Radojevic, 1996;
Lubar, Swartwood, Swartwood, & O’Donnell,
1995; Rossiter & La Vaque, 1995; Monastru,
Monastra, & George, 2002; Fuchs, Birbaumer,
Lutaenberger, Gruzelier, & Kaiser, 2003;
Rossiter, 2004). In addition, the literature in-
cludes some clinical evidence that neuro-
feedback benefits children with autism spec-
trum disorder {(Jarusiewicz, 2002: Sichef,
Fehmi, & Goldstein, 1995), asthma (Tansey.
1992), pediatric stroke (Ayers, 19953), and pedi-
atric migraine (Siniatchkin et al., 2000). As of
vet, no study has investigated the effectiveness
of neurofeedback with children and adoles-
cents with histories of relational trauma. though
there are a few unpublished clinical reports of
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success with this pediatric population (e.g.,
Fisher et al., 2005).

' y ] dback
Models Supportiig Neur'ofee ’ _
for Children with Histories of Relational

Trauma

There is an increasing nurnber of voices in
the behavioral sciences asserting the prominent
role of arousal dysregulation in the develop-
ment of psychopathology (Grotstein, 1986; Le
Doux, 1996). This has fostered a meaningful in-
tegration of biological and psychosocial ap-
proaches regarding the conceptualization and
treatment of mental health andillness. Basedon
work by Gorman, Liebowitz, Fryer, and Stein
(1989), Bradley (2000) proposes a general
model for the development of affect regulation
in which the pre-frontal cortex integrates expe-
riential learning and cognitive schemas with
the output of the limbic and reticular activating
systems. Similarly, Schore (1994) describes a
model of arousal regulation in which the
orbitofrontal cortex sits atthe apex of a fluctuat-
ing sympathetic-parasympathetic ANS balanc-
ing system. As outlined above, early experi-
ences of relational trauma produce deficits in
the ability toregulate affect and manage arousal
through processes of limbic kindling, dysreg-
ulation of neurocheimical ANS stress-response
mechamsms, and maladaptive internalized
coping strategies. In addition, the fact that rela-
tional trauma is a risk factor common to a wide
array of psychological disorders points to the
centrality of physiological and emotional
self-regulation as a key vartable in psycho-
pathology.

Othmeretal. (1999) propose adysregulation
model of psychopathology based on a failure of
control systems and feedbackloops in the brain,
specifically in terms of the regulatory EEG ac-
tivity of the central nervous system (CNS). This
model contributes the addition of the electrical
frequency domain to the traditional neuro-
chemical conceptualization of CNS function-
ing, and asserts that thythmicity is the basis for
the organization of brain function. Rhythmic
activity of the brain is produced by complex in-
teractions of feedback loops (or “servosys-
tems”) that are potentially vulnerable to
“setpointerrors,” “instabilities,” and “over/un-
der-shooting” in response to stimali. Thomp-

son and Thompson (2003) describe three basic
resonant cortical loops that affect EEG
rhythmicity (local, regional, and global}, all of
which can operate spontaneously or may be
driven by subcortical thalamic pacemakers. As
explained by Lubar (1997), changes in the pat-
terned functioning of cortical loops (as a result
oflearning, for example)can affect the intrinsic
firing rate of thalamic pacemakers, which is
ultimately associated with changes in mental
stite.

Asconceptualizedby Sterman (1996)and by
Othmer and colleagues (1999), EEG biofeed-
back is a means of operantly conditioning the
rhythmic electrical manifestations of CNS reg-
ulatory function by challenging the brain to
shift away from unstable firing patterns toward
more homeostatic ones. The addition of an ex-
ternal feedback loop via biofeedback encour-
ages the brain to alter its prevailing rhythmicity
through a repetitive process of imposed dis-
equilibrium and attempted return to baseline.
This “regulatory challenge model” of neuro-
feedback facilitates improved ability to main-
tain homneostasis and improved stability of the
regulatory CNS system itself. Although factors
other than early refational trauma can discupt
normal brain development and regulation pat-
terns, it would appear that children with histo-
ries of traumatic attachment struggle funda-
mentally with self-regulatory challenges. EEG
biofeedback may teach children to self-regu-
late brain rhythmicity, which in turn may im-
pact their ability to adaptively manage physio-
logical and emotional arousal states. Because
poor self-regulation of arousal is central to the
vast majority of the behavioral difficulties ex-
pertenced by children with traumatic attach-
ment histories, neurofeedback has the potential
to affect global improvements in the typical
problem areas of attention, aggression, impulse
control, hypervigilance, classroom learning,
empathyand trust formation, sleep, hyperactiv-
ity, etc. The mechanisms and objectives of EEG
biofeedback would seemto be expressly appro-
priate for the behavioral and neurophysio-
logical needs of this population. The following
pilotstudy using a clinical case series represents
an initial step in the empirically-based investi-
gation of neurofeedback treatment for children
with RAD symptoms.
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sessions, EEG was recorded from a referential
montage, with a single-electrode placement
referenced to the ipsilateral ear and ground on
the opposite ear, using a sampling rate of 128
Hz.

The Test of Variables of Attention (TOVA;
Greenberg, 1987) was used to assess self-regu-
latory changes in attention following neuro-
feedback training. The TOVA is a computer-
ized visual continuous performance test in
which two easily discriminated visual stimuli
are presented for 100 milliseconds every 2 sec-
onds for 22.5 minutes. The variables assessed
by the TOVA (i.e., errors of omission, errors of
commission, response time, and response time
variability) have been shown to be significantly
different between pre-treatment and methyl-
phenidate treatment conditions, and are re-
ported to be invulnerable to test-retest practice
effects (Greenberg, 1987).

The Child Behavior Checklist (CBCL/4-18)
is widely utilized in both clinical and research
applications (Achenbach, 1991). It was used in
the present study to assess behavioral and emo-
tional changes following neurofeedback train-
ing, asreported by adoptive parents, The CBCL
is a four-page form designed to obtain descrip-
tions of the competencies and behavioral-emo-
tional problems of children that impact suc-
cessful adaptive development. Parents with a
reading ability at the fifth grade level or greater
typically complete the formin 10 to [Sminutes.
The CBCL includes competence scales (l.e.,
activities, social, and school}, as well as eight
syndrome scales. The syndrome scales include
an internalizing grouping (i.e., withdrawn, so-
matic complaints, and anxious/depressed), an
externalizing grouping (i.e., delinquent behav-
ior and aggressive behavior), as well as scales
for social problems, thought problems. and
attention problermns.

Procedure

The pre-treatment CBCL was completed by
an adoptive parent prior to or concurrent with
the child’s first intake session. Child clients
completed the pre-treatment TOVA during the
initial session. All but three participants in the
study completed a post-treatment TOVA fol-
lowing the 30th neurofeedback training ses-
sion. Several of the children continued for

about 10 additional sessions, but only the post
30 session assessment data was used for treat-
mentoutcome analysis. The sameadoptive par-
ents who completed the pre-treatment CBCLs
also completed the post-treatment CBCLs at 30
sessions of training. QEEG data collection and
analysis occurred prior to neurofeedback train-
ing, so that individualized treatment protocols
could be developed.

Neurofeedback training consisted of thirty
minutes of auditory and visual feedback per
session, while the child was seated comfortably
in a quiet room. Although each child was
treated with an individualized protocol, there
was nevertheless much similarity among these
protocols due to the common features seen in
the group’s gEEGs. The training site locations
were derived from the individual NeuroRep
weighted average qEEG topographies (not
from the relative power Z scores reported ear-
lierin this paper from the subsequent university
study of the larger sample of children with rela-
tional trauma), The weighted average topogra-
phies showed excess slow wave amplitude in
the frontal and/or central vertex locations forall
subjects treated. This pattern was consistent
with the RAD qEEG patterns reported by Van
Bloem (2000) and by Fisher etal. (2005). n all
cases, feedback initially was contingent on the
reduction of 2-7 hertz (Hz) activity at CZ or FZ
based on the International 10-20 electrode
placement system (Jasper, 1958). Training at
the frontal sites usually commenced by reward-
ing the reduction of 2-7 Hz activity. In a few
cases, both the CZ and FZ sites were trained
within the first 20 sessions, targeting F£ first for
10-15 sessions and then moving to CZ for 5-8
sessions. In cases where the qEEG showed ex-
cessive fast frequency activity at FZ or CZ as
well, a second inhibit filter band of 20-32 Hz
was also utilized in the initial protocol. No
frequencies were enhanced during the initial
frontal training period: all protocols were
inhibiting only.

This protocol was followed until the individ-
ual subject’s training records indicated consis-
tentability to maintain targeted thresholds, i.e.,
consistently reducing 2-7 and 20-32 Hz activity
befow baseline levels, and also whenchangesin
behavieral symptoms were observed. In the
majority of cases, guided by subjects” individ-
ual qEEGs and/or behavioral changes, the next
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stage of training targeted right hemisphere pro-
tocols, enchancing 12-15 Hz and reducing 2-7
Hzat'T4,P4or C4. Often, this right side training
was initiated following treatment at frontal and
vertex sites if the clinician observed or parents
reported increased agitation in the child. Right
side training reliably reduced such responses.
For those children not requiring this right side
training focus, second stage protocols targeted
vartous qEEG-determined sites and frequen-
cies, most often reducing 8-12 Hz Alpha activ-
ityat C3,CZ,C4,P3,PZ, P4, TS5, or T6. Again,
no frequencies were enhanced in these alpha
reduction protocols.

RESULTS

Differences in CBCL raw scores before and
after neurofeedback training were analyzed us-
ing the Statistical Package for the Behavioral
Sciences (SPSS). Eighteen of the 20 partici-
pants’ parents completed valid pre- and post-
CBClL parentforms, which were includedin the
analysis. Raw scores were used for analysis in
accordance with CBCL manual recommenda-
tions for research (Achenbach, 1991). A two-
tailed paired t-test analysis yielded meaningful
statistical differences in 10 of the 14 assessed
competence and syndrome scores, indicating
that significant behavioral improvements were
observed by adoptive parents following neuro-
feedback training. Total syndrome scale scores
decreased an average of 23.05 points (8D =

" 21.44) with a 95% confidence interval of

12.73-33.39, and were significant at #18) =
4.69, p < .001. Externalizing scale scores de-
creased an average of 7.32 points (8§D = 8.40)
with a 95% confidence interval of 3.27-11.36,
and were significant at 1(18) = 3.799, p = .001.
Both total and externalizing scale score changes
represent large effect sizes (d=.78 and d= .94,
respectively). Internalizing scale scores de-
creased an average of 4.74 points (S0 = 7.26),
with a 95% confidence interval of 1.24-8.24,
and significance at /(18) = 2,84, p < .01. This
represents a medium effect size (d = .59). Fig-
ure 1 presents these results graphically.
Withinthe CBCL syndrome scales, six of the
eight scale scores significantly improved: so-
cial problems [2(18) = 3.59, p = .002], aggres-
sive behaviors [((18) = 3.72, p = .002], thought

problems [#(18) = 3.33, p = .004], delinquent
behavior [£(18)=2.82, p=.01], attention [ 18)=
2.82, p = .01], and anxious/depressed [#{18) =
2.80, p = .01]. All of these changes represent
medium effect sizes (d >.55). Somatic com-
plaints and withdrawn scale scores also im-
proved, but not to statistical significance. Fig-
ure 2 presents these results graphically. Of the
three competence scales, there was a statjsti-
cally significant improvement on the social
scale [{12) = 2.67, p = .021] with medium ef-

FIGURE 1. Averaged raw scores on the GBCL to-
tal, externalizing, and internalizing scales before
and after neurofeedback treatment. All differences
are statistically significant at p < .05.
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FIGURE 2. Averaged raw scores on the CBCL syn-
drome scales (social problems, delinquent behav-
iors, aggressive behaviors, somatic complaints,
attention problems, anxiety/deprassion, withdrawn,
and thought problems) before and after neuro-
feedback treatment. An asterisk indicates signifi-
cance at p < .05.
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fect size (d = .68). Activities and school scale
scores also showed positive trends following
treatment, but not to statistical significance.

Pre- and post-TOVA standard scores were
also analyzed using SPSS. Ten children com-
pleted valid pre- and post-TOV As, while the re-
maining 10 protocols were not included due to
incompletion or one or more invalid quarter
scores (e.g., due to >10% anticipatory errors).
Two-tailed paired t-test analysis found signifi-
cant differences post-treatment for three of the
four TOV A variables: omission errors [{(9) =
—2.37, p = .042], commission errors HOIE
—3.16, p = .011] and total variability [#(9) =
—2.39, p = .04]. On the TOVA, lower scores
represent more problematic behavior, with av-
erage standard scores ranging from 85-115.
Omission errors improved an average of 17.3
points {SD = 23.0) from an average pre-treat-
mentscore of 71.5 to an average post-treatment
score of 88.8 (95% CI0.8-33.8). Commission
errorsimproved anaverage of 16.4 points (SD =
16.4) from an average pre-treatment score of
91.5 to an average post-treatment score of
107.9 (95% CI 4.7-28.1). Total variability
scores increased an average of 12.3 points
(SD = 16.3) from 67.1 at pre-test to 79.4 at
post-test (95% CI 0.7-23.9). Omission, com-
mission, and total variability scale score
changes all represent medium effect sizes (d >
603, with average omission and total variabil-
ity scores moving from abnormal to normal
ranges following treatment. Total response
time standard scores decreased slighily (from
an average of 71.9 to 70.0). These results are
depicted in Figure 3.

DISCUSSION

The CBCL and TOV A score improvements
observed in this study suggesi that neuro-
feedback is an effective treatment for children
with behavioral problems associated with his-
tories of neglect and/or abuse. Specifically, ag-
gressive, delinguent, and socially problematic
behaviors (e.g., lying, fighting, demanding at-
tention, etc.) appear fo be strongly impacted.
Behaviors associated with attentional prob-
lems, anxicty/depression, and thought prob-
lems also appear to be significantly reduced.
These data are encouraging because these prob-

FIGURE 3. Averaged TOVA standard scores (omis-
sion errors, commission errors, response time, and
response time variability) before and after neuro-
feedback treatment. An asterisk indicates signifi-
cance at p < .05.
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lematic behaviors are not only common and
disabling for children with traumatic attach-
ment histories, but are also frequently resistant
to change via traditional therapeutic interven-
tions. On the other hand, because these behav-
jors are often the primary impetus for referral,
they are also potentially vulnerable to overly-
optimistic behavior ratings from parents seek-
ing to justify treatment. It should be noted that
the CBCL activities and school scales may not
have shown significant changes because many
childrenreceived treatment during summer va-
cation and, as several parents reported, it was
difficult to assess these behaviors during
summer months when school was not in session
and social activities were fess frequent.
Improvement of self-regulatory behaviors
characterizes the changes in CBCL and TOVA
Scale scores observed in this sample. For the
majority of the children, CBCL and/or TOVA
scores shifted from clinical/borderline ranges
into normal ranges, indicating meaningful be-
havioral changes occurred. The statistical sig-
nificance and medium to large effect sizes of
score changes following treatment is notable,
especially considering the small sample size of
the study. If, as has been suggested, neurofeed-
hack training teaches children to self-regulate
brain rhythmicity. the broad changes observed
in the CBCL Scale scores suggest a general de-
crease of physiological and emotional arousal
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~ dysregulation, CBCL externalizing scale score
changes, as well as decreases in thought prob-
lems {(e.g., repetitive actions, distractibility), at-
tention problems (e.g., poor conceniration,
impulsiveness), anxiety/depression (e.g., ner-
vousness, crying), and somatic complaints
(e.g., tiredness, headaches) may all be expres-
sions of improved stability of the regulatory
CNS system. Improvements on TOVA omis-
sion, commission, and total variability scores
imply decreased impulsivity and improved at-
tention modulation, and corroborate positive
changes on the attention scale of the CBCL.
{The slight decrease in response time scores on
the TOV A is commonly seen immediately fol-
lowing neurofeedback, as individuals become
morefocusedand deliberatein theirresponses.)

Although encouraging, this study clearly
represents only a preliminary clinical investi-
gation of the effectiveness of neurofeedback
treatment for this population. Some of the ma-
jor caveats of the study include the small and
non-randomized sample, the lack of control
group, and the failure to control for potential ef-
fects of medications and concurrent additional
therapies. The use of anexternal behavioral rat-
ing (CBCL) and a standardized performance
test (TOVA) provides a multidimensional
method of evaluation, but with considerable
limitations. In addition to the potential vulnera-
bility of the CBCL to low reliability and valid-
ity due to parental investment in positive
change, the CBCL is designed to be given atin-
. tervals of six months or more. In the present
study, some children were re-evaluated as early
as three months following the initial session.
Standard deviations of certain CBCL and
TOVA scores were also large, thus should be
interpreted with some caution in spite of the ro-
bustness of t-tests to violations of normality.
These data imply that there is a high degree of
variability between children in terms of their
initial presentation and their patterns of im-
provement following neurofeedback training.

[t is interesting, both clinically and eticlogi-
cally, that the majority of the children’s initial
qEEGs (specifically the weighted average am-
plitude topographies in NeuroRep) indicated
use of similar treatment protocols (inhibiting
2-7Hz activity at CZ or FZ followed by inhibit-
ing 2-7 Hz and enhancing 12-15 Hz at T4, P4 or
4). Other clinicians have reported combining

the slow wave inhibits at Fz and Cz with en-
hancement of 15-18 Hz (Fisher, Turber, &
Gunkelman, 2005), which is apparently an ef-
fective alternative to the inhibit-only focus of
the treatment reported in this study. Although
T6 has been mentioned in the literature as a fo-
cal site in RAD (Schore, 1994), T6 was not
found to have as much slow wave activity as the
Cz and Fz sites in the pre-treatment gEEGs of
the current sample. It should be noted that some
of the children who comprised the sample had
neverreceivedaformal diagnosis of RAD, Fur-
ther analysis of gEEG patterns in this popula-
tion may clarify areas of the developing brain
that are particularly susceptible to early rela-
tionship trauma, as well as help establish more
standardized neurofeedback protocols for this
population. In the future, it would also be bene-
ficial to analyze the actual power changesinthe
EEG frequency bands as a result of neuro-
feedback. Long-term follow-ups, additional
assessment measures, larger, randomized sam-
ples, and control of additional therapies were
regrettably not possible for the present study.
Nonetheless, the findings clearly support the
use of neurcfeedback training for children with
histories of relationship trauma and serve to
clarify directions for further research. Asa first
study of this kind, it will hopefully stimulate
interest in the potential of neurofeedback
treatment for the many children and families
struggling with the developmental effects of
early abuse/neglect.
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