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EEG Biofeedback:

An Innovative Tool in 
Rehabilitation Counseling
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History of the field:

� 1929 = Berger documented brain wave recordings in 
“On the Electroencephalogram in Man”

� 1938 = Skinner outlines the basic concepts of 
operant conditioning in “The Behavior of Organisms”

� 1958 = Kamiya demonstrates that brain waves can 
be voluntarily controlled
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Barry Sterman’s research:

� 1965 = goal was to replicate Pavlov’s work on 
“internal inhibition”  

� Expected to see “internal inhibition” reflected in the 
EEG’s of cats

� Instead of sleep the cats entered a unique state of 
being very alert and very still

� Through operant conditioning the cats learned to 
increase their EEG rhythm in the 12-15Hz range, 
which he called Sensory Motor Rhythm
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Barry Sterman’s research…

� 1967 = Sterman published his research and started 
another project at NASA

� He brought some of his SMR trained cats with him, in 
addition to getting new ones

� At NASA, he was investigating the effects of 
monomethyl hydrazine

� He found that a small groups of cats didn’t react as 
severely to the rocket fuel, as the rest
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Sterman’s findings:
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Barry Sterman’s research…

� Sterman had coincidently discovered the 1st clinical 
use for the operant conditioning of brain waves

� 1971 = he tested his discovery on Fairbanks, who 
suffered from motor seizures

� Fairbanks was conditioned to increase her SMR

� She was seizure free for 3 months after 24, 1 hour 
sessions!
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What is EEG Biofeedback?

� A tool that uses operant conditioning

� AKA:  Neurofeedback , neurotherapy , or 
neurobics, or NFB for short

� NFB uses an electroencephalogram (EEG) to 
make the brain’s electrical activity available to 
the client and therapist, in real-time, so that 
the client can learn to alter their brain’s 
electrical timing for improved function 
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Conditioning?

Classical conditioning:
� Bella begging for grass when she 

hears the scissors

Operant conditioning:
� Bella being a “squirrel” for 

her favorite treat, grass
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The feedback loop:
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Where does the EEG come 
from?

� The EEG is the sum of the electrical activity 
produced by the neurons under the electrode
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EEG frequency tracings:



12

A few definitions:

� frequency = cycles per second measured in Hertz

� amplitude = a measure of micro voltage

� arousal = the level of psychological and 
physiological activation

� attention = how “focused” we are
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EEG bandwidths:
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EEG bandwidths cont… :
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Yerks-Dodson curve:
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Instability

Over-ArousalUnder-Arousal

ADD/ADHD
Depression
Sleep dis.
TBI

Migraines
Seizures
Bipolar
Panic Attack

Anxiety
OCD
Sleep dis.
Addiction

Symptom clusters:
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What does Neurofeedback do?

� The brain is plastic , and can learn to improve its 
own performance, if only it is given cues about what 
to change

� Alleviates the symptoms of under-arousal, instability, 
or over-arousal through operant conditioning

� More efficient electrical timing = better blood flow 
and glucose metabolism
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Normal raw EEG:
Your brain is more “in tune” - more alert, focused, 
calm, efficient

Excessive slow or fast EEG:
Causes you to work harder - brain is less efficient;  harder 
to control; disregulated
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A regulated EEG:
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A disregulated EEG:
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How is it done?

While playing a game the client is rewarded (by 
earning points and beeps) for modifying certain 
EEG frequencies in the desired direction
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What the therapist sees:

Raw EEG

Inhibit

Reward

Inhibit

Spectral
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What the client sees:
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Where do the electrodes go?
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The training process:

� Initial consultation

� Individual client assessment (questionnaires, 
checklists, TOVA, QEEG if indicated), talk with other 
professionals

� Protocol selection and begin training

� Constant ongoing assessment & evaluation of 
training



26

Duration & outcome:

� Some change in symptoms may happen in 10 
sessions

� Long lasting effects, but not invulnerable

� A head injury, high fever, or anesthesia may require 
“tune up” sessions

� Sessions are typically 45 minutes, 2x a week

� Individual physiology & presenting symptoms 
determine length of training 
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Costs:

� Varies across providers ($65-$150 a session)

� Many providers offer package plans at a discount

� Insurance coverage is limited at this time

� There are CPT codes for biofeedback
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Types of neurofeedback:

SMR/Beta training:

� ADD/ADHD
� Seizures / Migraines
� Depression
� Anxiety
� OCD
� Sleep disorders
� TBI
� Peak performance

Alpha/Theta training:

� PTSD & trauma
� Addiction (Peniston 

protocol)
� Eating disorders
� Meditation & relaxation
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Traumatic Brain Injury:

“Wear a helmet, avoid fights no headers in soccer, wear your 
seatbelt, play golf instead of football.” Dr. Daniel Amen

Normal 
SPECT 

BackBackBack

FrontFrontFront

15 y.o. male; 
fell down 
steps @ 18 
months

48 y.o. male; 
fell 25 ft from 
roof
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Effects of TBI:

� Deficits of divided 
attention

� information processing 

� Lengthened reaction 
times

� sustained attention

� Perserevation

� Fatigue 
� Depression
� Initiation/motivation 

issues
� Impulse control issues
� Organization problems
� Sensory issues
� Mood labiality
� Migraines
� Seizures
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Neurofeedback & TBI:

“There is good evidence that attention impairments in 
head injured patients are connected to specific 
changes in the EEG.” Keller, 2001

� Tend to see larger amplitudes of delta & theta @ the 
site of injury, & the frontal lobes

� Decreased coherence between short interelectrode 
differences => decreased cognitive function
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Neurofeedback therapy of 
attention deficits in patients with 
traumatic brain injury. Keller, 2001

� Pre & post treatment: 3 different attention tests

� Similar GCS’s & time of injury were assigned to NFB 
or control

� NFB: n = 12

� Standardized attention training: n = 9

� EEG’s were recorded from all subjects after 1st, 5th, 
& 10th training session
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Neurofeedback therapy of 
attention deficits in patients with 
traumatic brain injury. Keller, 2001

� The goal for the NFB group was to increase 
amplitude of 13-30 Hz activity µV

Control (n=9)NFB beta – (n=4)NFB beta + (n=8)

0.5µV

0.3µV

0.4µV

0.6µV

0.6µV

0.5µV

SDSD

0.6µV

0.7µV

SD

0.6µV

10th

session

5th

session

1st

session

meanmeanmean

2.5µV3.5µV3.6µV*

2.4µV3.5µV2.9µV

2.6µV3.7µV2.6µV
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Neurofeedback therapy of 
attention deficits in patients with 
traumatic brain injury. Keller, 2001
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Neurofeedback & TBI cont…:

� Illnesses (i.e.: mononucleosis) & high fevers

� Metabolic brain trauma

� Chemical exposure

� Anesthesia

� Mold
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Neurofeedback & TBI cont…:

� Full neuropsych exam & QEEG are must haves

� NFB protocols are usually based on functional 
problems

� Wider inhibits (2-7 Hz) are used 

� Predominately central strip and frontal protocols are 
used

� Temporal protocols should be used very cautiously!
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Affective disorders; 
depression :

Front Front

Back Back

Normal SPECT 18 y.o. female with hx of 
5 suicide attempts, SA, 
& aggressive behavior
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The brain & depression:

� Left hemisphere is more dopaminergic
� Underactivation on the left = depression

� Right hemisphere is more noradrenergic
� Overactivation of the right = anxiety
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Alpha asymmetry in the EEG:

Left Right
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Raw EEG:
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Affective disorders & 
asymmetries:

-
more beta & less alphaless beta & more alpha

+
less beta & more alphamore beta & less alpha

AffectRight FCLeft FC

Alpha asymmetry score: A1 = logR – logL
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Alpha asymmetry research:

� Henriques & Davidson (1990) compared EEG’s in 
currently depressed, remitted depressed, & never 
depressed individuals

� Both currently & remitted depressed individuals 
showed hypoactivation in the left FC, compared to 
those who had never been depressed
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Alpha asymmetry research:

� Rosenfeld, et al (1995) demonstrated that alpha 
asymmetry scores are modifiable through operant 
conditioning

� n = 13, were trained to increase A1 over 3 days
� 9 of 10 doubled their scores
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Rosenfeld (2000) case studies:
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NFB & affective disorders:

� Are you anxious because you are 
depressed; or are you depressed because 
you are anxious?
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The brain & anxiety:

� Left hemisphere is more dopaminergic
� Underactivation on the left = depression

� Right hemisphere is more noradrenergic
� Overactivation of the right = anxiety
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Neurofeedback & anxiety:

Normal EEG at CZ

EEG with excessive beta at 
CZ
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Raw EEG:
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NFB & affective disorders:

� Depression protocols:

� address alpha asymmetry
� help to relieve underarousal / hypoactivation
� inhibit slower frequencies 

� Anxiety protocols:

� Address beta asymmetry
� Help to relieve overarousal
� Inhibit higher frequencies
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Important!

� Individual physiology & 
presenting symptoms 
determine training sites, 
rewards, inhibits, and length 
of training
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Want to become a provider?

� A Master’s or Doctorate in mental or medical health

� A mental or medical health license

� Take training courses

� Get certified by the Biofeedback Certification 
Institute of America

� Practice, practice, practice!
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Who offers training?

� EEG Spectrum International
www.eegspectrum.com
818.789.3456

� EEG Info
www.eeginfo.com
818.373.1334

� STENS Corporation
www.stens-biofeedback.com
800.257.8367
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Professional Associations:

� The Biofeedback Certification Institute of 
America (www.bcia.org )

� The Association for Applied Psychophysiology 
and Biofeedback (www.aapb.org )

� International Society for Neurofeedback and 
Research (www.isnr.org )
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Sources of more NFB 
information:

� A Symphony in the 
Brain
-Jim Robbins

� Getting Rid of Ritalin
-Robert Hill & Eduardo Castro

� Biofeedback – A 
Practitioner’s Guide
-Mark S Schwartz & Frank 
Andrasik
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More sources of NFB info:

� Getting Started with 
Neurofeedback
-John N Demos, MA, LCMHC, 
BCIA-EEG

� ADD – The 20 Hour 
Solution
-Mark Steinburg & Siegfried 
Othmer

� The Neurofeedback 
Book
-Michael Thompson & Lynda 
Thompson
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Even more info:

� Alpha Neurofeedback 
Training In The 
Rehabilitation Process 
Of Stroke Patients
-Herwig Nosko

� Introduction to 
Quantitative EEG and 
Neurofeedback
-James R Evans & Andrew 
Abarbanel
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Contact Me!

Michelle Little, MS, CRC

804.503.0551

michelle.little@C4LE.com

www.C4LE.com


