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Ten-Year Stability of EEG Biofeedback Results for 
a Hyperactive Boy Who Failed Fourth Grade 
Perceptually Impaired Class 

Michael A. Tansey 1 

Ten years ago, the first successful application of a clinical, private-practice 
based, EEG 14-Hz biofeedback training regimen for the treatment of learning 
disorders was performed by the author. After the lO-year-old boy, with 
presenting symptomology including a developmental reading disorder, 
hyperactivity, and an educational classification of perceptually impaired, 
continued symptom free for a period of two years, his case was submitted for 
publication. Ten years after his termination from successful treatment, his 
ongoingly normal social and academic functioning is noted and his EEG 
brainwave signature examined and compared with a population of 24 
"used-to-be" learning disabled, one-half of which had a pretreatment state 
including the educational classification of perceptually impaired. This lO-year 
follow-up confirms the long-term stability of the results of this EEG 14-Hz 
biofeedback regimen. Current findings on recent medical research identifying 
a major cerebral locus of dysfunction for hyperkinesis and how it supports the 
electrode placements of this clinical office setting regimen is also discussed. 

Descriptor Key Words: EEG; biofeedback; IQ; perceptually impaired; learning disability; hy- 
peractivity; dyslexic; NEXT. 

Evidence of clinical efficacy is the single most important issue for the 
biofeedback professional. Initial results must be shown not to have been 
merely a short-lived adaptation to the novel stimuli of the feedback situation 
or perhaps other factors such as a caring therapist or added attention by the 
parents, but to have been in fact due to the feedback itself. Long-term fol- 
low-ups give us the assurance of lasting benefit and functional integration of 
the gains made via biofeedback therapy. Furthermore, it is important to shove 

1Address all correspondence to Dr. Michael A. Tansey, 65 East Northfield Road, Suite B, 
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that once the feedback component is completed, the gains are not lost and 
therefore they were not simply maintained by nonfeedback components of the 
treatment. The important questions to be answered are: How did this treat- 
ment regimen come about? How did it impact on the recipient of the bio- 
feedback training? Is this single case study the only positive fruit of this 
treatment regimen? Was there long-term functional integration of the gains 
made via this biofeedback regimen? Are there independent sources of verifi- 
cation for the rationale and or technical aspects of this regimen? Andlastly, 
"How do the long-term follow-up measurements with respect to the current 
functionality of the systems previously enhanced with biofeedback training 
compare with those taken from a plausible comparison group? 

Laboratory-based EEG biofeedback procedures for working with hy- 
perkinesis and epilepsy (Lubar & Shouse, 1976; Shouse & Lubar, 1979) dem- 
onstrated that children could be taught to normalize pathological brain states. 
Tansey and Bruner (1983) published the first successful application of a clini- 
cal, private practice based, EEG 14-Hz biofeedback training regimen for the 
treatment of learning disorders. The 10-year-old boy so treated had concurrent 
diagnoses of hyperactivity, and developmental reading disorder, and had been 
placed in a class for the perceptually impaired since Grade 2 following a man- 
dated educational classification of perceptually impaired. Cessation of the hy- 
peractivity in the first stage of treatment had absolutely no impact on his 
developmental reading disorder nor on his academic/neurologic delays and 
dysfunction at the time. The academic and neurologic delays were responsive 
to EEG biofeedback training. Ten years after his termination from successful 
treatment, his ongoingly normal social and academic functioning is noted and 
his EEG brainwave signature examined and compared with a population of 
24 learning disabled (perceptually and neurologically impaired (11 each) 
youngsters and 2 ADD with hyperactivity), who had their learning disabilities 
and ADDH successfully treated with this EEG biofeedback regimen. 

BACKGROUND 

This young man had been classified by his school's child study team as 
Perceptually Impaired at the age of 71/2. That evaluation, and subsequent clas- 
sification, was prompted by the findings that he reversed letters and numbers 
from left to right, horizontally as well as vertically, was possessed of above- 
average intellectual potential, exhibited a high degree of anxiety, engaged in 
an unusual amount of physical activity within the classroom, and had main- 
tained a history of behavioral and academic difficulties since entering the first 
grade. As of his 3rd month in the second grade, he was placed in a class for 
the perceptually impaired. After 2 months within the special education setting, 
he was additionally diagnosed as being hyperactive. Ritalin was prescribed for 
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the hyperactivity and was continued throughout his second, third, and fourth 
grade years--al l  the while in special education classes for the perceptually 
impaired. By the end of his grade 4 experience in the special education class 
for the perceptually impaired, he was found to be lagging more than 1 year 
behind expectancy levels for reading and word comprehension within the re- 
duced norms for the special education setting. He was then scheduled to re- 
peat the fourth grade in the special education class for the perceptually 
impaired. He also evidenced difficulties with saccadic fixation and ocular pur- 
suit movements. In order to attempt reading, he had to move his head side 
to side in order to track the words across a line of print. 

R E S P O N S E  TO BIOFEEDBACK TRAINING 

This 10-year-old boy showed specific and positive responses to both 
EMG and 14-Hz EEG biofeedback training. At the time, Tansey and Bruner 
(1983) reported that the initial three EMG training sessions enabled him to 
reduce his motoric activity level to where he was no longer adjudged by his 
family pediatrician to be hyperactive. His ritalin had already been suspended 
by his pediatrician one week prior to the initiation of biofeedback training. 
As of his third EMG biofeedback session, to the present--over ten years 
la ter--his  behavior has been marked by the absence of motoric overactivity, 
high distractibility, low frustration tolerance, and poor self-control that ongo- 
ingly marked his behavior for four years prior to his receiving biofeedback. 
Yet, in light of more than ten years of administering this protocol, it is incon- 
ceivable to allow the impression that these three sessions of EMG training 
alone could have such a long-term effect. The author has observed over the 
past ten years, and published accordingly, that increased production of 14-Hz 
activity from the SMA is functionally related to the suppression and cessation 
of motoric overactivity, involuntary onset of muscular tension and spasm (Tan- 
sey, 1982, Tansey & Bruner, 1983, Tansey, 1984, 1985, 1986, 1990, 1991a, 
1991b). The EMG sessions are best seen as introducing this boy to a state of 
motoric calm, which has consistently been shown in the author's aforemen- 
tioned research to be a reflection of a 14-Hz dominant posture, from which 
14-Hz brainwave training proceeded to functionally rectify the brainstate ac- 
tivation abnormality reflected by the hyperactivity. 

His ocular instability, functionally defined at the time as his inability to 
read a line of print smoothly and be aware of his frequent skipping of words, 
commas, and periods due to uncontrollable eye jerking, his perceiving and 
producing of reversals in letters and numbers--not  to mention being unable 
to accurately recall the line that he had just read, all remained the same as 
of his third EMG biofeedback training session, unimpacted by the EMG bio- 
feedback training which remediated his hyperactivity. 
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This boy's ocular and reading functioning did normalize through the 
course of his EEG 14-Hz biofeedback training utilizing the Tansey Technique 
(Tansey & Bruner, 1983, Tansey, 1991a). He became able to track smoothly 
along a horizontal axis while keeping his head stationary. He also became able 
to move his head from side to side while keeping his eyes fixated upon an 
object in front of him. His reading style became characterized by eye rather 
than head movements in order to track along a horizontal line of print. His 
first biofeedback training session coincided with the end of the school year 
wherein he was scheduled for retention, in a special education fourth grade 
class for the perceptually impaired, due to insufficient academic attainment 
and ongoing developmental delays in perceptual-motor and verbal-expressive 
function. As of his eighth 14-Hz biofeedback training session, his parents 
moved and enrolled him in a normal fourth grade class due to the marked 
gains evidenced by him over the summer's biofeedback sessions. Specifically, 
he was no longer hyperactive and had been medication free since the inception 
of his biofeedback training regimen. He was also, for the first time ever, read- 
ing and understanding the content of the material without reversals. Upon 
entering the normal fourth grade curriculum and class setting, his behavior 
and ability were adjudged adequa te - - so  he was allowed to continue in the 
first normal class setting for him since the first grade. The termination of his 
14-Hz EEG biofeedback training coincided with the conclusion of the first 
academic quarter within his now normal class setting. He manifested good 
academic achievement for the first quarter with a C in reading and a B in 
spelling with a total of 3 A's, 3 B's, and 4 C's, no D's and no F's. His second 
quarter report card showed an A in spelling and a B in reading with 3 A's, 
4 B's, and 3 C's. His third marking period report card showed 4 A's, 5 B's, 
and 1 C in a regular fourth grade class setting (Tansey & Bruner, 1983). 

Biofeedback training was terminated as of his first report card with con- 
crete evidence of normal function and solid academic success in a normal 
class setting. His ongoing progress throughout that school year was then moni- 
tored as mentioned above. Submission for publication was postponed until 
two years posttermination to ensure that this boy's improved functioning was 
not a temporary treatment effect that may break down over time or under 
prolonged stress. When he showed ongoing behavioral normalcy and academic 
success over a two-year period, we felt sure of our results and of the efficacy 
of our techniqe. Naturally, such marked gains were met with skepticism mixed 
with protests that our sensor placements and technique differed from that of 
some other pioneering investigators. Naturally, the question of the long-term 
permanency of such marked effects also arose. Ten years posttermination, this 
young man continues to succeed academically and personally as he did all 
through grade school, junior high and high school, was voted to a position of 
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honor and responsibility in high school, and has currently earned a 2.50 grade 
point average last semester in college. 

METHOD 

EEG biofeedback training of the 14-Hz brainwave rhythm, for this boy, 
was conducted in weekly, 30-minute training sessions. Ten years ago, a sin- 
gle-channel EEG was used to assist him in orienting on the 14-HZ neural 
discharge rhythm as monitored over the central Rolandic cortex. In monitoring 
14-Hz brainwave production, three saline sensors were used (impedance in 
saline of 1 kfl). To monitor, and subsequently train, bilateral 14-Hz discharge 
patterns, the active sensor was placed so that its 6.5 x 1.3 cm contact surface 
lay lengthwise along the midline of the top of the skull (overlaying the cerebral 
longitudinal fissure), centering about 2.6 cm behind Cz (10/20 system). It was 
held in place with two elasticized headbands with Velcro on the ends. One 
band was placed about the head, parallel to the eyebrows, across the middle 
of the forehead. A second band goes across the top of the head, and the 
active sensor, attaching at either end on the other headband, near each ear. 
In this position, the active sensor is kept in place and centers over the central 
Rolandic cortex (pre- and postcentral gyri) of both the right and left cerebral 
hemispheres; extending anteriorly over the upper portions of the bilateral sup- 
plementary motor area (Goldberg, 1985). The reference and ground sensors 
are randomly placed on opposite ears via comfortable earclips (see Figure 1). 
The placement of the sensors and headband takes approximately 30 seconds. 
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Fig. 2. T.H.E. Biofeedback Systems EEG biofeedback training screen. 

The single-channel EEG unit used 10 years ago provided both ampli- 
tude and frequency modulated feedback. The feedback tone was modulated 
so that the greater the amplitude of the brainwave, the louder the tone. In 
addition, the repetition rate of the tone (number of beats per second) co- 
varied with the rate of occurrence of the monitored brainwave energy as it 
exceeded threshold (set at 3 gV peak-to-peak). Evaluations of changes in 
the 14-Hz brainwave rhythm amplitude (energy) were recorded across each 
session as a performance measure of the operant task: autostimulation/nor- 
malization of the functioning of the central cortex, resulting in increases in 
the amplitude levels (energy) of the 14-Hz discharge pattern. 

Ten years later, the methodology insofar as the sensors, their placement, 
and instructions to the recipient of EEG biofeedback training remain the same 
(Tansey, 1991a). The means of evaluating the performing of the oPerant task; 
i.e., the recruitment of increasingly larger numbers of brain cells to increase 
their rate of firing and rectify a developmental delay in activation levels, has 
changed significantly. The author's ongoing studies are now using the T.H.E. 
Biofeedback Systems Inc. 2 software on the NeXT computer which incorporates 
a powerful built in digital signal processor for immediate fast Fourier trans- 

2T.H.E. Biofeedback Systems, Inc., 194 Bywater Way, Somerville, New Jersey 08876. 
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Fig. 3. T.H.E. Biofeedback Systems Statlab screen, showing one session's mean, 
variance, standard deviation, minimum value, maximum value, and number of samples 
for the eight brainwave bands sampled, at the bottom, and the selected graph, which 
shows the trained increase in 14 Hz. 

forms of all biologic/EEG data in the 0 to 90-Hz range. In this manner, the 
total EEG signal is available to be sampled by the computer at a selectable 
rate of a minimum of 8,000 to 40,000 times a second, with automatically im- 
plemented fast Fourier transforms ensuring the exactness of the wavebands 
selected for monitoring and reinforcement. Normally, EEG activity for power 
spectral analysis is sampled at either 128 or 256 Hz, with frequencies above 
32 Hz discarded, the NeXT Digital Signal Processor is preset for the higher 
minimal rate of sampling of 8,000 samples per second with average amplitudes 
provided in digital format on the computer screen in 1-second updates (see 
Figure 2). The complete raw signal is processed and saved so that no frequen- 
cies below 90 Hz are discarded. The average amplitude of the brainwave bands 
selected for observation (currently 5, 7, 10, 12, 16, 20, and 28 Hz) are auto- 
matically displayed for each 1-second sample in one digital display and cumu- 
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latively across time in another digital display next to it, with current and up- 
to-the-second cumulative average energy readings for the same brainwave 
bands updated every second and available up through to the end of the train- 
ing session (see Figure 2). With the click of a mouse, the after-session data 
are automatically downloaded to the StatLab screen, where descriptive statis- 
tics and graphical presentations of signal strength over time are displayed (see 
Figure 3). Moving the mouse onto the StatLab screen and then holding down 
the button produces crosshairs, which may be placed over any portion of the 
graph; with x and y boxes beneath the screen giving the exact number of sec- 
onds into the session that the targeted portion of the graph corresponds to 
(x) and the energy in peak-to-peak microvolts recorded for that one second 
epoch of recording time (y). This young man's recent 8 channel recording 
differs from the 5 channel recording in the comparison group in that as time 
progressed, I expanded the number of brainwave bands under investigation. 
Thus, recent observations include more brainwave bands than older observations. 

In the training session itself, the recipient of EEG biofeedback is always 
in a reclined position with eyes closed. Reinforcement for EEG production 
on the desired brainwave band is exclusively auditory. The EEG biofeedback 
trainer uses the monitor and its multiband displays to assist the client to pro- 
duce the changes desired. The multiband displays changes in EEG energy/am- 
plitudes across the eight brainwave bands so that the trainer can act on those 
changes and give verbal feedback to the client relating to the changing "sig- 
nature." If the client strays off frequency (daydreaming, actively thinking about 
a baseball game, etc., with concurrent surges of 7-Hz activity, surges of 10-Hz 
activity, etc.), it is immediately seen as a change in the patterns displayed on 
the video monitor, and the client can be quickly guided back to producing 
brainwave activity in the desired (14-Hz) energy range. Instructions during the 
EEG biofeedback training sessions were presented to the youngsters while 
they were in a reclining position with their eyes closed. The instructions were: 
"Now, let yourself become hollow and heavy. Just let yourself be a hollow, 
heavy, rock; quiet, hollow, and heavy--and let the music come out." Inter- 
mittent, positive reinforcement (verbal praise for "music" production and sig- 
nature shifting) was provided, such as: "That's very good. The better the music, 
the better your brain works. The better your brain works, the better your ability 
to be calm and learn." In the course of training, if the visual display showed 
a shifting away from the desired 14-Hz posture, the initial orientation instruc- 
tions were repeated. A contract was made to provide a tangible reward, in 
the form of a "Matchbox Car," "California Raisin" bookmark, etc., at the end 
of each EEG biofeedback training session, contingent upon the youngster be- 
ing trained having "let the music come out." 

T.H.E. Biofeedback Systems, Inc., EEG biofeedback system differs 
from that used by me 10 years ago in four significant ways: (1) There is no 
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front-end EEG biofeedback module. The computer is the biofeedback in- 
strument. In this manner, T.H.E. Biofeedback Inc.'s EEG Biofeedback im- 
plementation on the NeXT computer does not degrade or subtract from the 
raw signal prior to computer analysis. All signal analysis is performed com- 
pletely in the computer via software. The "front-end hardware" is a battery- 
operated medical preamp, which passes on to the computer the complete 
biomedical signal that it monitors. (2) The mechanical-sounding flat tone that 
had been used as the reinforcer for the strengthening or shifting of attentional 
and/or brain states has been replaced with 16-Bit CD digital audio files. Ow- 
ing to the built-in digital signal processor in the NeXT computer, I have 
prerecorded in sound files a relaxing musical score titled "twilight," and in 
other sound files autogeniclike exercises. What makes this significantly dif- 
ferent is that T.H.E.'s system allows consistency of audio stimulus presenta- 
tion and audio reinforcement. When T.H.E.'s EEG biofeedback program is 
initiated, the EEG training screen (see Figure 2) displays the EEG data and 
the built-in CD speaker presents the client with "twilight" music, which varies 
in amplitude with that of the 14-Hz brainwave band. (3) The whole EEG 
biofeedback session as monitored and observed is replayable for future ex- 
amination. Whatever sound file was chosen to accompany the EEG moni- 
toting/training is replayed in sync with the replay of the brainwave data. (4) 
There is a seamless interface with Mathematica so that session data are im- 
mediately amenable to the generation and printing of graphic and statistical 
analyses without leaving the biofeedback program. 

DISCUSSION 

Since 1982, the author has published on the positive impact of this clini- 
cal office-based regimen for the treatment of disorders reflecting underacti- 
vation of brain function, on a wide variety of disorders, including asthma 
(Tansey, 1982), larger populations of learning disabled youngsters with diag- 
noses of neurologically impaired (NI), perceptually impaired (PI), and learning 
disabled with borderline FSIQ levels (Tansey, 1984; Tansey, 1985a), petit maI 
epilepsy (Tansey, 1985b), Giles de la Tourette's Syndrome (Tansey, 1986), mi- 
graine (Tansey, 1991b), and with a population of twenty-four youngsters (11 
PI, 11 NI, 2 ADDH) with prebiofeedback brainwave signature patterns re- 
flective of a brain-based learning disability (Tansey, 1990). The impact/nor- 
malization of such a wide variety of brain-based disorders by "exercising" the 
SMA cortex (see Figure 1) lies in this cortical region's attributes; specifically 
its being well documented over the past 20 years as a central, bilaterally core- 
sponsive, cortical "executive" region, providing a crucial link for a widely ar- 
rayed matrix of verbal-expressive and perceptual-motor functions. 
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The author has been reporting observations of "underactivation" of this 
medial bilaterally organized premotor system (SMA) for hyperactives, and 
learning disabled with-and-without hyperactivity, via EEG brainwave training 
(Tansey, 1983, 1984, 1985, 1990) for the past nine years. This state of affairs 
has recently received independent medical verification in the New England 
Journal of Medicine's November 15, 1990 issue. Therein was presented evi- 
dence of frontal hypometabolism in hyperactives - -  significant global and re- 
gional reductions of cerebral glucose metabolism; with the largest reductions 
in the premotor cortex and superior prefrontal cortex (Zametkin, Nordahl, 
Gross, King, Semple, Rumsey, Hamburger, & Cohen, 1990). It is noteworthy 
that the bilateral instrumentality of the SMA is a large and significant aspect 
of the cortical region referred to as the premotor cortex. 

Tansey (1990), with a population loaded heavily with perceptually and 
neurologically impaired (11 each) youngsters and 2 hyperactives, seems an 
ideal comparison group against which to measure the current "normalized" 
functioning of the author's first hyperactive and learning-disabled client 
ten years posttermination. Figure 4 shows the pre- and post-EEG biofeedback 
5 channel brainwave signatures of the Tansey (1990) group compared against 
the 8-channel brainwave signature obtained from the author's ten-year fol- 
low-up case. The operational definition of "brainwave signature" was intro- 
duced in Tansey (1984) and has been used in all subsequent publications. It 
is noteworthy that the amplitudes of the 10, 12, and 14-Hz posttreatment 
brainwave bands correspond very closely. In fact, his eight-band EEG brain- 
wave signature as monitored with this procedure matches the posttreatment 
pattern obtained from the no longer learning impaired group. 

For the 24 subject comparison group (Fig. 4), the brainwave signature 
seemed to normalize and shift about alpha (10 Hz), with those brainwave bands 
below (5 Hz and 7 Hz) decreasing in monitored energy levels, and those brainwave 
bands above (12 Hz and 14 Hz) increasing in monitored energy levels. This is 
the same pattern of recovery that the author has seen for all learning disabled 
with or without ADD for the past ten years. A repeated measures analysis of 
variance, at each brainwave band, showed that these changes were not due to 
chance but reflected significant changes in the monitored brainwave signatures. 
The energy in the lower brainwave bands as monitored (5 and 7 Hz) diminshed 
by .088% (F = 5.938, df i and 23, p < .05) and 16.08% (F = 11.670, df 1 and 
23, p < .05) respectively; while the energy in the 10-Hz band did not change 
significantly (F = .267, df i and 23, nonsignificant) with the 12-Hz, and, impor- 
tantly the 14-Hz brainwave bands showed highly significant positive shifts in mean 
energy by 21.39% (F = 18.575, df 1 and 23, p < .0005) and 48.95% (F = 
64.827, df 1 and 23, p < .0005), respectively. As observed, the 2.1 times greater 
amount of energy in the theta band (7 Hz) as compared with the "sensori- 
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Fig. 4. Brainwave signatures.  

motor/SMA" band (14 Hz) which characterized the pretreatment learning-dis- 
abled state of affairs was reduced by 64.3%. 

Behavior as action may involve responses to the state of the world as 
it is now or may also involve an anticipatory inclination with respect to how 
the state of the world will be in the future. This bears directly on the reme- 
diation of this child's ocular instability via EEG biofeedback training of 14 
Hz from over the SMA. "Movement observed in the predictive mode of con- 
trol as in initiating spontaneous visual tracking" (Goldberg, 1985, p. 582) has 
been well documented as being mediated by the instrumentality of the SMA. 
Thus, the ocular instability, which the author assumes to have been a reflec- 
tion of SMA underactivation, remediated with increased SMA activation. 

Of major importance in the understanding of this procedure's clinicat 
efficacy is that Goldberg (1985) has shown that "the SMA focuses limbic out- 
flow onto motor executive regions and controls the rostal flow of sensory in- 
formation and thus attentional and perceptual processes" (p. 576). As such, 
the SMA "operates in 'projectional' action or action that is driven forward by 
prediction derived from an internal model of the future" (p. 568). The SMA's 
role in the development of the intention-to-act and the specification and elabo- 
ration of action is traced to its mediation between the medial limbic cortex 
and primary motor cortex; whereas the SMA mediates "the interaction be- 
tween cortical limbic outflow via anterior cingulate cortex, the context-sensi- 
tive, goal-setting functions of the prefrontal cortex (whose outputs along with 
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those  of  many  o the r  associat ional  a reas  of  the  cortex, a re  in tegra ted  and re- 
focused onto  the  S M A  via the basal  ganglia r een te ran t  circuit),  the sensory 
analysis funct ions o f  the  associat ion cortex of  the  super ior  par ie ta l  lobule  and  
the executive componen t s  of  the  m o t o r  system" (p. 577), and  that  " the  S M A  
par t ic ipates  in the  organiza t ion  of  movement s  in p ropor t ion  to the degree  o f  
internal ly deve loped  " intent ional i ty"  associated with the  task, that  is, the  de-  
gree  of  conscious in tent ional  engagemen t  of  the  subject  in the  task." (p. 584). 

In sum, over  the  past  ten years, the  first learning-disabled recipient  of  

this E E G  14-Hz b io feedback  regimen had  "exercised" his bra in  ou t  of  a dys- 
functional pos ture  which enab led  him to personal ly  and academical ly  p rospe r  
f rom grade  4 up  to and into college. A t  the end of  the  same ten years,  medical  
research  y ie lded  findings identifying the site of  the au thor ' s  active e lec t rode  
as a p r imary  focus of  funct ional  hypometabo l i sm for hyperactives.  
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