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Table 1. EEG Rh)’thms and Associated Mental States

EEG Rhythm  Frequency  Associated Mental States
(hz)
Delta 1-4 Sleep; dominant in infants
Theta 3-7 Drowsiness; “tuned-out;” inner-directed insights
Alpha 8-12 Alertness; meditation, dominant when eyes closed
SMR 12-15 Mentally alert; physically relaxed
Beta 13-21 Focused; sustained attention; problem solving
High Beta 20 - 32 Intensity; anxiety; hypervigilance
Gamma 38-42 Important in learning

Patients with AD/HD exhibit characteristic
surface EEG disturbances.” Specifically, 85-90 percent
of patients with AD/HD display signs of cortical “hy-
poarousal,” quantitatively described as elevated relative
theta power, reduced relative alpha and beta power, and
elevated theta/alpha and theta/beta power ratios (Ta-
ble 1). These patterns are typically observed over frontal
and central midline brain regions. A smaller subgroup
of AD/HD patients exhibits an EEG pattern suggestive
of “hyperarousal,” with greater relative beta activity, de-
creased relative alpha activity, and decreased theta/beta
power ratios diffusely across multiple cortical reco rd.ing
sites. The hyperaroused group tends to respond poorly
to stimulant medications.

Lubar et al developed EEG biofeedback pro-
tocols to inhibit cortical slowing and reward higher
frequencies in hypoaroused patients, with the goal of
normalizing EEG activity in regions thought to be re-
sponsible for attention and behavioral control.*

Modern EEG biofeedback systems, sold by a
number of manufacturers, consist of a set of EEG sen-
sors and a signal transducer/amplifier, connected to a
computer or computers with software capable of ana-
lyzing the EEG signals, performing various transforma-
tions, displaying relevant signals to the patient, and
providing rewards or inhibitions in the form of visual
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and/or audio feedback. The client learns to enhance
desirable EEG frequencies and suppress undesirable
frequencies at the selected scalp location(s) by being
rewarded (e.g., by progress in a video game) for increas-
ing desirable frequencies and/or red.ucing undesir-
able frequencies. Scalp electrode placements along the
sensory-motor strip (C3 and C4) and temporal lobes
(T3 and T4) are widely used. A typical neurofeedback
con figuration involves the patient seated in a reclining
chair, watching one video display that provides video
and audio feedback, while the therapist monitors a sec-
ond video display that provides detailed, real-time data
on the patient’s EEG during the session.

A typical course of EEG biofeedback therapy
involves at least 20 half-hour sessions, administered
over a 6- to 12-week period. Although rates of prog-
ress vary from patient to patient, significant benefit is
often observed within the first few weeks of therapy. Ac-
creditation for EEG biofeedback practitioners is avail-
able through the Biofeedback Certification Institute of
America.
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