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This study presents a clinical treatment regime for pathological interhemispheric dysfunction with respect to a population of 

learning disabled boys. The results obtained replicate and extend earher findings wth respect to operantly conditioned increases in 

amplitude of sensorimotor transactions and its positive effect on learning disability. Specifically. the biofeedback. and subsequent 

conditioning. of increased 14 Hz neural discharge patterna (sensorimotor rhythm - SMR) over the central Rolandic cortex, appeared 

to increase bilateral sensorimotor transactions resulting in substantive reduction/remediation m the learning disabihties of the 

recipients of such EEG biofeedback training 

INTRODUCTION 

With regard to human brain development and 
its functional utilization, the brain’s synaptic path- 
ways and neural activation matrices are genetically 
programmed insofar as developmental manifesta- 
tion, but are also predisposed to functionally re- 
spond and further develop with use. This is the 
basis for all higher learning. It is also an explana- 
tion for the effectiveness of electroencephalo- 
graphic (EEG) biofeedback training. EEG bio- 
feedback training shows tremendous promise as an 
internal cerebral exerciser. Specifically, via electro- 
encephalographic biofeedback of cerebra-cortical 
function, the brain is taught to place itself in a 
self-stimulating posture. Research findings, on 
EEG Sensorimotor Rhythm biofeedback training 
indicate that such novel, internal, auto-stimulation 
of the brain’s neural processes results in increased 
functional efficacy on the part of the cerebro- 
cortico system undergoing such stimulation (Fin- 
ley et al., 1975; Seifert and Lubar, 1975; Lubar 
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and Bahler, 1976; Finley, 1977; Sterman, 1977; 
Shouse and Lubar, 1979; Tansey, 1982; Tansey 
and Bruner, 1983). 

The cerebra-cortico-neural synaptic matrices, 
which comprise much of our central nervous sys- 
tem, are reactive to the strengthening and modify- 
ing action of experiential inputs and functional 

application. Animal studies have indicated that 
enriched experiential environments results in in- 
creased numbers of dendritic spines within 
(Parnavelas et al., 1973) as well as increases in the 
weight of those cortical areas so stimulated 
(Rosenzweig et al., 1975). Functionally experi- 
enced cortical cells were seen to develop synaptic 
terminals, which functionally inexperienced corti- 
cal cells lacked (Pettigrew, 1974). In essence, the 
animal studies seem to indicate that experiential/ 
functional stimulation may positively alter brain 
anatomy. The concept that experiential/sensorial 
and motoric stimulation may positively alter brain 
anatomy and improve function, in human beings, 
is the underlying assumption of most of the re- 
habilitative efforts directed towards the learning 
impaired. Commonly, the objective of such efforts 
is the stimulation of the sensorimotor cortex of the 
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brain; by presenting it with an externally pro- 
duced sensory barrage, whose inputs are expected 
to have a positive effect on the cerebro-cortico- 
neural systems processing them. EEG biofeedback 
training, for the treatment of learning disabilities, 
also has as its goal the stimulation/exercising of 
the sensorimotor cortex of the brain, but the 
cerebra-cortico-neural systems are functionally 
stimulated from within. Thus, for EEG biofeed- 
back training of the learning impaired, there is the 
training of increased, discrete, neural discharge 
over the Rolandic (sensorimotor) cortex of the 
human brain, with the electrode placement situated 
so that bilateral sensorimotor transactions may be 
stimulated from within (Tansey and Bruner, 1983); 
with resultant increases in potential for higher 
learning. In function, the sensorimotor cortex pro- 
duces a 14 Hz neural discharge pattern (brain- 
wave) which is commonly referred to as the 
sensorimotor rhythm (SMR). As such, the object 
of EEG sensorimotor rhythm biofeedback training 
is the production of SMR in increasingly larger 
amplitude. 

Over the past decade, there has emerged a 
growing literature indicating a commonality, with 
respect to the neurophysiological precursors and 
behavioral sequelae, for populations primarily de- 
fined as dyslexic, reading disabled, or more gener- 
ally, learning disabled. Dyslexia has been attri- 
buted to an inherited central nervous system dys- 
function (Cole, 1979), to have been associated with 
anatomic differences in cortical architecture 
(LeMay, 1981) with deficits in short-term memory 
(Spring, 1976; Aaron, 1978; Deegener, 1979; Nel- 
son and Warrington, 1980; Byrne, 1981) deficits 
in information processing capability due to a de- 
velopmental lag in neurophysiologic functioning 
(Satz et al., 1971; Thompson, 1973; Mindell, 1978; 
Bakker et al., 1981), a dysfunction in intersensorial 
integration (Bravo, 1976), and functional asymme- 
tries in the normally complementary contributions 
of, and inter-hemispheric interactions between, the 
right and left cerebral hemispheres (Gardner, 1973; 
Nielson, 1976; Van der Honert, 1977; Witelson, 
1977; Bakker, 1979; Cole, 1979; Hier, 1979; Ben- 
ton, 1980; Gordon, 1980; Bakker et al., 1981). 

Populations primarily defined as reading disa- 
bled have also been identified as showing an in- 

herited central nervous system dysfunction 
(Bakwin, 1973; DeFries et al., 1978; Lewitter et 
al., 1980) to exhibit deficits in short-term memory 
(Snef and Freundl, 1971; Rugel, 1974; Cummings 
and Faw, 1976; Cohen and Netley, 1978; Freeman 
and Beasley, 1978; Moore et al., 1982) deficits in 
information processing ability due to a develop- 
mental lag in neurophysiologic function (Badian 
and Wolff, 1977; Lovegrove and Brown, 1978). 
deficits in intersensorial integration (Levine and 
Fuller, 1972) and functional asymmetries in the 
normally complementary contributions of, and in- 
ter-hemispheric interactions between, the right and 
left cerebral hemispheres (Yeni-Komshian et al., 
1975; Badian and Wolff, 1977; Kershner, 1977; 
Wheeler et al., 1977; Gross et al., 1978; Kershner, 
1979; Pirozzolo and Rayner, 1979; Garren, 1980; 
Naylor, 1980; Newell and Rugel, 1981). 

Populations primarily defined as learning disa- 
bled have also been identified as having an in- 
herited centra! nervous system dysfunction (Silver. 
1971) abnormality in cortical architecture 
(Geschwind, 1979), deficits in short-term memory 
(Worden et al., 1982) deficits in long-term mem- 
ory (Bauer, 1977; Batey and Sonnenschein, 1981) 
deficits in information processing due to a devel- 
opmental lag in neurophysiologic function (Grot- 
berg, 1970; Rossi, 1972; Swanson, 1981), deficits 
in intersensorial integration and sensorimotor de- 
velopment (Van Eyck, 1980) and functional asym- 
metries in the normally complementary contribu- 
tions of, and interhemispheric interactions be- 
tween, the right and left cerebral hemispheres 
(Gomez, 1972; Rourke et al., 1973; Hartlage, 1975; 
Rourke. 1975; Rourke and Finlayson, 1975; Dean, 
1979). 

It has been long understood that the brain 
responds to a complex of sensorial-perceptual-cog- 
nitive inputs, as an integrated entity. Neurophysio- 
logically there is a bilateral cerebra-cortico-neural 
integration of such inputs, as mediated by the 
corpus callosum, for the reception, processing, 
storage, retrieval, and ongoing integration of such 
experience into ongoing adaptive behavior. There- 
fore, it is not surprising to find functional asym- 
metries, in the normally complementary contribu- 
tions of, and inter-hemispheric interactions be- 
tween, the right and left cerebral hemispheres as a 



165 

common denominator of dyslexia, reading dis- 
orders, and more generally, learning disabilities. It 
is reasonable, then, to perceive the overlapping 
nature of the neuropsychophysiological aspects of 
these learning impediments as sequelae of a gener- 
alized deficiency of the bilateral efficacy of the 
sensorimotor cortex of the brain of the learning 
impaired; whose manifestations have been erro- 
neously categorized into separate clinical entities. 

In this study, it is hypothesized that increased 
bilateral sensorimotor transactions can be facili- 
tated via EEG biofeedback training of the 14 Hz 
neural discharge pattern (sensorimotor rhythm) 
over the Rolandic cortex of the brain. The effects, 
of such internal cerebral stimulation, are hypothe- 
sized to manifest as an increase in the amplitude 
of the sensorimotor rhythm, and a reduction in the 
learning disabilities of the recipients of such EEG 
biofeedback training. 

METHOD 

Subjects 
The subjects were 6 Caucasian boys, each with 

a history of learning disabilities. They ranged in 
age from 10 years 2 months to 11 years 10 months. 

Apparatus and Procedure 
EEG biofeedback training of the sensorimotor 

rhythm was conducted in weekly, 30 min, training 
sessions. A single channel electroencephalograph 
was used to assist the subjects in emitting the 
14 + 0.5 Hz neural discharge rhythm over the 
central Rolandic cortex. The monitored 14 Hz 
neural discharge signal (SMR) was protected via 
filtering from contamination and low amplitude 
scalp EMG. 

In monitoring the sensorimotor rhythm (SMR), 
3 saline electrodes are used (impedance levels in 
saline of 1 ka). Electrode contact with the skin/ 
scalp surface is checked with, built-in electrode 
check, LCD indicators. To monitor, and subse- 
quently train, bilateral sensorimotor discharge pat- 
terns, the active electrode is placed so that its 
6.5 X 1.3 cm contact surface lays lengthwise along 
the midline of the top of the skull (overlaying the 
cerebral longitudinal fissure), centering about 2.6 

cm behind Cz (lo/20 system). In this position, the 
active electrode centers over the Rolandic cortex 
(pre- and postcentral gyri) of both the right and 
left cerebral hemispheres. The reference and 
ground electrodes are placed on opposite ears via 
earclips (see Fig. 1). 

The monitored SMR was then transmitted to 
the electroencephalograph for signal processing ’ 
and subsequent auditory feedback. The single 
channel EEG unit provided both amplitude and 
frequency modulated audio feedback. The feed- 
back tone is modulated so that the greater the 
amplitude of the brainwave the louder the tone. In 
addition, the repetition rate of the tone (the num- 
ber of beats per second) covaried with the rate of 
occurrence of the monitored brainwave as it ex- 
ceeded threshold. The phase shift of the unit is set 
for 225°C. This phase shift setting seems to time 
the occurrence of the audio feedback signal so that 
it is perceived as being more in synchrony with the 
trainee’s sense of brainwave production. For all 
subjects, the monitored SMR was submitted to 
on-line computer analysis. Evaluations of the 
changes in the mean value of SMR amplitude, 
across each training session, was recorded as a 
performance measure of the acquisition of the 
operant task - autostimulation of the sensorimo- 
tor cortex resulting in increases in the amplitude 
levels of its neural discharge pattern. The EEG 
sensorimotor rhythm training sessions were sched- 
uled weekly. Each training session commenced 
with a lo-15 min review of each boy’s status for 

the previous week. EEG biofeedback training was 
performed for 30 min. Instructions during the 
EEG biofeedback training sessions were presented 
to the boys 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 heavy, hollow rock; quiet, hollow, 
and heavy - and let the beeps come out’. Inter- 
mittent, positive reinforcement (verbal praise for 
‘beep’ production) was provided every few 
minutes. Every 10 min, the initial-orientation in- 

structions were repeated. A contract was made to 

’ Integrated Biofeedback Systems. 100 Mercer Street, P.O. 
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Fig. 1. Diagram of EEG electrode placement. 

provide a tangible reward, in the form of a 
‘Matchbox’ car, at the end of each EEG sensori- 
motor rhythm training session, contingent upon 
the boy being trained having ‘let a lot of beeps 
come out’. 

A multi-subject, A-B-A, experimental design 
was utilized to assess the impact of operantly 
conditioned increases of the 14 Hz neural dis- 
charge rhythms, as monitored over the sensorimo- 
tor (Rolandic) cortex of the brain, where the active 
electrode was situated so as to maximally facilitate 
bilateral hemispheric transactions and condition- 
ing. In search of relations between monitored 
cerebra-cortico-neural events and ongoing behav- 
ior, the pretreatment baselines, against which to 
evaluate the effects of hypothesized altered cerebral 
function, were selected as follows: (1) an assess- 
ment of each boy’s learning disability; and (2) the 
administration of the Wechsler Intelligence Scale 
for Children - Revised (WISC-R). 

During the course of the EEG sensorimotor 
rhythm biofeedback training, the subjects did not 

engage in any additional therapies for their learn- 
ing impediments other than detailed in the individ- 
ual case profiles (assignment to a special class or 
resource room etc.). In any case, these other ther- 
apeutic activities were of documented ineffective- 
ness insofar as impacting on the recipients learn- 
ing impediment, and were carried out without the 
knowledge of the subjects having undergone EEG 
Sensorimotor Rhythm biofeedback training. As 
such, all school derived evaluations of learning 
disability/ability and intellectual functioning were 
unbiased measures. While much of the WISC-R 

post-testing was performed by the author. and by 
definition was not ‘blind’, the strong construct 
validity and reliability of the WISC-R. with the 
standardization of its presentation and objectivity 
of its scoring, seems to inherently limit the varia- 
bility of 1.Q. scores after retesting. Even if the 
same person, or someone else, performs the pre- 
and post-testing, ‘all children within the entire 
range covered by the WISC-R may be expected to 
gain about 7 points in their full scale I.Q. on a 
retest after a month has elapsed’. (Kaufman, 1979, 
p. 49, Wechsler, 1974). These factors will be taken 
into consideration in evaluating the results. 

RESULTS 

Acquisition of the operant task: enhancement of 

sensorimotor rhythm 

The, pre- and post-EEG biofeedback training, 
mean values of SMR for each subject are pre- 
sented in Fig. 2. These positive alterations in SMR 
amplitude serve to illustrate, on the part of the 
subjects, a learned operant control/conditioning 
of the neural discharge pattern emanating from 
the sensorimotor cortex of their brains. The mean 
amplitude of SMR increased 300% over baseline 
for Case 1, 50% over baseline for Case 2, 39% over 
baseline for Case 3, 38% over baseline for Case 4, 
279% over baseline for Case 5, and 120% over 
baseline for Case 6. As a group, the mean ampli- 
tude of SMR increased 137.6% over baseline. 
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Fig. 2. Pre- and post-EEG biofeedback trainmg amplitude measures of sensorimotor rhythm 

The Wechsler Intelligence Scale for Children - Re- 
vised pre- and post-EEG biofeedback training pro- 

files 

The pre, post, and difference scores, obtained 
by each subject are presented in Table I. Statistical 
criterion for significance are those provided by 
Wechsler (1974). All 6 subjects manifested in- 
creases in their full scale I.Q. scores of at least one 
standard deviation (15 1.Q. points). Both verbal 
and performance IQ. scores increased for all sub- 
jects. As a group, their post-EEG biofeedback 
training scores, substantially exceeded their pre- 
EEG biofeedback training scores over and above 
any expected gains due to a retest factor; i.e. more 
than 3.5 points increase in verbal I.Q., more than 
9.5 points increase in performance I.Q., and more 
than 7.0 points increase in full scale IQ. (Kauf- 
man, 1979). In addition, subjects with either a 
significant - greater than 15 points - (P < 0.01) 
verbal > performance I.Q. (Cases 1 and 6) or per- 

formance > verbal I.Q. (Cases 2 and 4) dis- 
crepancy exhibited a substantially greater increase 
in the lower of the two IQ. scores (See Table I). 
Specifically, the increase in Case l’s performance 
I.Q. score was 60% greater than that of his verbal 
I.Q. score, and Case 6’s performance I.Q. score 
showed an 84% greater increase; with the increase 
in Case 2’s verbal I.Q. score being 90% greater 
than the increase in his performance I.Q. score, 
and Case 4’s showed a 257% greater increase. 

Further analysis of these WISC-R profiles and 
data will be included in the reassessment of the 
subject’s behavioral, academic, and intellectual 
functioning. 

Case profiles 

Case I 
Case 1 is a 10 year 7 month old Caucasian 

male, in the 4th grade, with a history of perceptual 
deficits since kindergarten; where he had notable 
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TABLE I 

WISC-R profiles 

Verbal 

Information 

Similarities 

Arithmetic 

Vocabulary 

Comprehension 

(Digit Span) 

Performance 

Picture Completion 

Picture Arrangement 

Block Design 

Object Assembly 

Coding 

Verbal I.Q. 

Performance I.Q. 
Full scale I.Q. 

- 

- 

Case: 1 2 3 

(Boy, IO yeurs 7 months) (Boy, I I yeurs 7 months) (Boy, IO years 8 months) 

PE Post Difference Pi-e Post Difference Pre Post Difference 

12 12 0 5 10 1-5 4 4 0 

11 16 +5 16 19 +3 6 10 i4 

9 9 0 6 11 +5 6 6 0 

12 12 0 12 12 0 5 7 +2 

12 15 +3 9 13 +4 9 14 +5 

I 12 +5 5 10 t5 3 5 +2 

7 13 +6 13 13 0 9 11 +2 

11 11 0 12 13 +1 11 14 +3 

6 9 +3 14 16 +2 8 9 +1 

5 8 +3 13 16 +3 6 8 +2 

8 8 0 13 15 +2 2 6 +4 

107 117 t 10 97 118 i 21 75 88 + 13 

82 98 t 16 121 132 f 11 81 96 + 1s 

94 109 t 15 109 128 + 17 16 91 t 15 

difficulty in the copying of letters, in the making 
of designs, and in the manipulation of scissors. As 
of Grade 2, he was placed in a class for the 
perceptually impaired. His classification as educa- 
tionally handicapped: perceptually impaired was 
further supported in Grade 4, whereupon testing 
revealed him to have a 3 year developmental lag in 
visual-motor integration concurrent with informa- 
tion processing deficits inhibiting academic func- 
tion. Reading skills were 1 year below expectancy. 
At the same time, his WISC-R profile showd him 
to be functioning within the average range of 
intellectual ability, but there was a 25 point dis- 
crepancy between his verbal (107) and perfor- 
mance I.Q. (82) in favor of his verbal I.Q. score. 
Shortly after this evaluation, this boy undertook 
EEG sensorimotor rhythm biofeedback training. 
His WISC-R scores were accepted for utilization 
in his pretreatment baselines (See Table I). 

Case l’s mean amplitude of SMR increased 
from a baseline of 6 PV to 24 PV by his 24th EEG 
biofeedback training session. Concurrent with this 
300% increase in amplitude of sensorimotor 

rhythm, he exhibited a shift from documented 
academic underachievement with a developmental 
reading disorder, to age appropriate academic 
growth and reading ability. As of his 24th EEG 
biofeedback training session, he was retested within 
the school setting (at the third month of Grade 5) 
and found to have a reading comprehension grade 
level of 5.8, a reading recognition grade level of 
6.4, and a spelling grade level of 5.0. At the same 
time he was readministered the WISC-R. His verbal 
I.Q. had increased, 10 points, from average (107) 
to high average - bright (117). His performance 
I.Q. had increased, 16 points, from low average - 
dull (82 - 3 points above borderline) to average 
(98). His full scale I.Q. had increased, 15 points, 
from mid (94) to the upper limit of the average 
range of intellectual functioning (109). 

Cuse 2 
Case 2 is an 11 year 7 month old Caucasian 

male who undertook EEG sensorimotor rhythm 
biofeedback training shortly after a psychoeduca- 
tional evaluation while in Grade 3. The child study 
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4 

(Boy, II years 10 months) 

Pre Post DiffreflCZ 

5 6 

(Boy, II years I month) (Boy 10 yeurs 2 months) 

Pre Post Difference Pre Post Dtfference 

12 15 +3 8 9 +1 13 13 0 

10 13 +3 11 18 +7 12 16 +4 

7 14 +7 9 13 +4 13 14 +1 

8 12 +4 11 11 0 10 11 Cl 

13 17 +4 12 16 +4 12 17 +5 

8 10 +2 9 11 +2 10 10 0 

13 14 +1 11 12 

16 16 0 13 14 

17 19 +2 9 10 

15 15 0 I 13 

11 13 +2 13 14 

100 125 + 25 101 120 

131 138 +I 104 118 

116 136 + 20 102 122 

+1 6 12 +6 

+1 9 14 +5 

+1 9 12 +3 

+6 11 11 0 

+1 9 12 +3 

+ 19 112 125 + 13 

+ 14 91 115 + 24 

+ 20 102 123 + 21 

team deferred classification and/or official action 
despite findings of this boy’s not performing up to 
his ability, having difficulty focusing on directions, 
to be deficient in auditory memory and reading 
comprehension. His reading level was 1 year below 
expectancy. His WISC-R profile showed him to be 
functioning within the average range of intellectual 
ability, but there was a 24 point discrepancy be- 
tween his verbal (97) and performance I.Q. (121) 
in favor of his performance I.Q. score. In addition, 
while engaged in performing mathematics, he was 
noted to be silent, and, when silently dealing with 
mathematical concepts and assignments, to main- 
tain a B average on his written tests. Yet, if he was 
asked to verbally solve a mathematics problem, he 
appeared unable to comply. Such behavior 
prompted his teacher to reduce his mathematics 
grade from his test average of B to a C because of 
his not being able to verbally demonstrate his 
knowledge of the concepts used to arrive at his 
answers. These findings/ behavior held true 
through the first half of his Grade 4 experience; 
whereupon, he undertook EEG sensorimotor 

rhythm biofeedback training. His WISC-R scores 
were accepted for utilization in his pretreatment 

baselines (See Table I). 
Case 2’s mean amplitude of SMR increased 

from a baseline of 10 PV to 15 PV by his 9th EEG 
biofeedback training session. Concurrent with this 
50% increase in amplitude of sensorimotor rhythm, 
he exhibited notable improvement in auditory 
memory and reading ability. His handling of writ- 
ten material progressed to where he reported that 
‘I worked great for two solid hours in reading. I 
usually get tired after fifteen minutes. I feel great! 
I wasn’t even tired. It was easier to think. Before, 
my brain would clunk out on me and then I’d talk 
instead of read. Now its (reading) comfortable’. 
Reports with respect to his class behavior echoed 
his assertions of improved function. One such 
report related that: ‘Boy, has he picked up 
academically! He pays much more attention now. 
Before, he couldn’t verbalize mathematics and be 
correct. Now, he’s winning all the verbal tests in 
Math’. As of his 9th EEG sensorimotor rhythm 
biofeedback training session, he expressed a sense 
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of academic well being and a wish to terminate his 
training sessions. His mother concurred and he 
was readministered the WISC-R at that time. His 
verbal I.Q. had increased, 21 points, from mid 
average (97) to the upper end of high average ~ 
bright (118). His performance I.Q. had increased, 
11 points, from the lower end of the superior (121) 
to the very superior (132). His full scale I.Q. 
increased, 17 points, from the upper end of the 
average (109) to the upper end of the superior 
(128) range of intellectual functioning. 

Cuse 3 
Case 3 is a 10 year 8 month old Caucasian 

male, in a Grade 2 placement for the neurologi- 

tally impaired. He did not speak until the age of 3 
years 6 months, repeated kindergarten, and was 
placed in an ‘educable class for minimal brain 
impaired children’ (neurologically impaired) as of 
Grade 1. His neurological impairment was di- 
agnosed as including an organic pattern of hyper- 
kinesis, developmental delays in cognitive func- 
tion, deficits in reading and language development 
in excess of 1 year below expectancy, deficits in 
both visual-motor and verbal-expressive modali- 
ties, and a borderline-retardate level of intellectual 
functioning. As of Grade 2, his 2nd year in a class 
for the neurologically impaired, his diagnostic 
classification was ammended to read multiply 
handicapped: emotionally disturbed and neuro- 
logically impaired. His intellectual ability was as- 
sessed to be at ‘the top of the range of educable 
mental retardation’. Three months into his Grade 
2 experience, he undertook EEG sensorimotor bio- 
feedback training. He evidenced, upon intake, dif- 
ficulties in saccadic fixation and ocular pursuit 
movements. Specifically, he was unable to move 
his eyes smoothly along a horizontal axis with his 
head in a stationary position. In addition, he could 
not move his head from side to side while keeping 
his eyes fixated on an object held before him. For 
this boy, attempts at reading entailed his moving 
his head side to side in order to read the words 
along a line of print. This visual approach style 
was evidenced by his skipping words, not noticing 
his missing the commas and periods, and a con- 
sistent inability to understand what it was that he 
had just ‘read’. Even though he had been promo- 

ted to a Grade 2 class for the neurologically im- 
paired, he had not yet attained a Grade 1 reading 
level. At this time, he had been maintained on 
Ritalin (methylphenidate) for his hyperactivity 
since the age of 5 years 9 months. He presented as 
alert, energetic, and posessed of a verbal-expres- 
sive ability which did not correspond to that ex- 
pected of the educable mentally retarded. So, he 
was administered the WISC-R prior to his EEG 
biofeedback training. He was found to be func- 
tioning within the Borderline range of intellectual 
functioning. His verbal, performance, and full scale 
I.Q. scores were 75, 81 and 76, respectively. These 
scores were used as part of his pretreatment base- 
lines (See Table I). 

Case 3’s mean amplitude of SMR increased 
from a baseline of 6.4 PV to 8.9 PV by his 18th 
EEG biofeedback training session. Concurrent with 
this 39% increase in amplitude of sensorimotor 
rhythm. he exhibited notable improvement in his 

behavioral, academic, and intellectual measures of 
performance. As of his 7th EEG sensorimotor 
rhythm biofeedback training session, where his 
average SMR amplitude had increased to 42% over 
baseline, it was noted that he had become able to 
move his head from side to side while keeping his 
eyes fixated on an object held before him. As of 
his 9th EEG biofeedback training session, where 
his average SMR amplitude had increased to 45% 
over baseline, it was noted that he could then be 
able to smoothly move his eyes along a horizontal 
axis with his head in a stationary position. Within 
3 weeks of this improvement in fine motor/ocular 
control, his school progress was related as follows: 
‘His greatest gain is that now, he is reading a first 
grade book. He is becoming more self-confident 
and satisfied with this accomplishment’. Four 
weeks later, as of his 14th EEG biofeedback train- 
ing session, his mother related that at home: ‘He 
wants to read. He read three short stories last 
night in a Grade 2 book and was very anxious to 
read for me. He did very well’. In addition, as of 
his 14th EEG biofeedback training session, his 
mother reported that: ‘I took him off his Ritalin 3 
days ago and he’s doing even better off it’. He 
continued to improve behaviorally and academi- 
cally for the next 4 weeks, whereupon his mother 
decided to cease his EEG biofeedback training 
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sessions with the onset of summer. The week fol- 
lowing his 18th EEG sensorimotor rhythm train- 
ing session, he was readministered the WISC-R. 
His verbal I.Q. had increased. 13 points. from mid 
borderline (75) to the upper end of low average 
(88). His performance I.Q. had increased, 15 points, 
from the lower end of low average (81) to the 
middle range of average (96). His full scale I.Q. 
increased, 15 points, from mid borderline (76) to 
the lower end of the average (91) range of intellect- 
ual functioning. 

Cuse 4 
Case 4 is a 11 year 10 month old Caucasian 

male, in Grade 6, with a history of dyslexia, 
visual-motor, perceptual, attentional, and verbal- 
expressive deficits since Grade 2. In the final 
quarter of Grade 5, he received his first tri-yearly 
re-evaluation, which further supported his classifi- 
cation of neurologically impaired. His WISC-R 

profile showed him to be functioning within the 
high average -. bright range of intellectual ability, 
but there was a 31 point discrepancy between his 
verbal (100) and performance (131) I.Q. in favor 
of his performance I.Q. score. He was scheduled to 
be promoted to Grade 6, and to be continued in a 
regular class placement with assignment to a re- 
source room for remediation in reading, spelling, 
and language arts. He undertook EEG sensorimo- 
tor rhythm biofeedback training in the 2nd month 
of his Grade 6 experience. At that time his reading 
level was assessed to be at the 4.5 grade level, his 
spelling ability to be at the 2.7 grade level, and 
arithmetic skills to be at the 4.3 grade level; as 
assessed by the Wide Range Achievement Test 
(WRAT). His school’s re-evaluation WISC-R 
scores were accepted for utilization in his pretreat- 
ment baselines (see Table I). 

Case 4’s mean amplitude of SMR increased 
from a baseline of 4.2 PV to 5.8 PV by his 22nd 
EEG biofeedback training session. Concurrent with 
this 38% increase in amplitude of sensorimotor 
rhythm, the exhibited notable improvement in his 
dyslexia, verbal articulation skills, and reading 
ability. There were no noted behavioral changes 
until his 9th EEG biofeedback training session; 
whereupon, his Learning Disability Teacher Con- 
sultant phoned this boy’s parents to report that, in 

English class, starting 3 weeks earlier, he had 
spontaneously ‘understood what he had just read 
so much better - it was as if a light went on 
inside him’. During this same period of time, his 
average amplitude of SMR had increased from 
19% to 33% over baseline. As of his 10th EEG 
training session, it was reported that ‘he can now 
remember 7 digits in a row. Before, it was impossi- 
ble. He’d always bomb out at 4 or 5 digits’. At this 
time, it was also noted that his handwriting skills 
had improved and that it no longer contained the 
letter reversals so characteristic before. These posi- 
tive remediations continued up through his 22nd 
EEG sensorimotor rhythm biofeedback training 
session. where, it was decided to reassess his abil- 
ity to reading, spell, and do arithmetic, as well as 
his WISC-R scores. His reading ability had in- 
creased from the previous 4.5 to the 6.0 grade 
level. His ability to spell increased from the previ- 
ous 2.7 to the 3.3 grade level. His ability to do 
mathematics went from the previous 4.7 to the 8.1 
grade level (WRAT). This testing was performed 
in the 8th month of Grade 5. In addition, his 
verbal I.Q. had increased. 25 points, from average 
(100) to superior (125). His performance I.Q. had 
increased, 7 points, (from 131 to 138) staying 
within the superior range. His full scale LQ. in- 
creased, 20 points, from high average - bright 
(116) to the very superior (136) range of intellect- 
ual functioning. 

Cuse 5 

Case 5 is an 11 year 1 month old Caucasian 
male, in Grade 6 with a history of academic diffi- 
culty since Grade 1. He missed a significant 
amount of school instruction due to onsets of 
pneumonia, bronchitis, allergies, and asthma 
throughout Grades 1, 2, 3 and 4. In Grade 5, he 
had his adenoids and tonsils removed with a re- 
sultant increase in his school attendance. Even 
though he had attended summer school for every 
summer of his school experience, he was found to 
be functioning well below grade level in reading 
and mathematics. He was promoted to Grade 6 
with assignment to a resource room two periods 
daily for remediation of language arts, reading, 
and spelling. He undertook EEG sensorimotor 
rhythm biofeedback training just prior to his en- 
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tering Grade 6. On entrance, he was administered 
the test of written language (TOWL) which showed 
him to have a grade level ability of 3.4 in thematic 
maturity, 3.4 in spelling, 7.0 in word usage, 5.2 in 
style, 2.2 in thought units, and 4.6 in handwriting. 
Independent reading was at the 2.0 grade level for 
both silent and oral reading; with his instructional 
level being at the 3.5 grade level for both silent 
and oral reading (Houghton-Mifflin Individual 
Reading Inventory). His WISC-R profile showed 
him to be functioning within the average range of 
intellectual ability. His verbal, performance, and 
full scale I.Q. scores were 101, 104 and 102. re- 
spectively. His WISC-R scores were accepted for 
utilization in his pretreatment baselines (see Table 
I). He was also noted to evidence, upon intake, 
difficulties in saccadic fixation and ocular pursuit 
movements. Specifically, he could not move his 
eyes smoothly along a horizontal axis with his 
head in a stationary position. This ocular motor 
dysfunction was accompanied by his skipping 
words, missing commas and periods, and a con- 
sistent inability to understand what it was that he 
had just ‘read’. 

Case S’s mean amplitude of SMR increased 
from a baseline of 2.4 PV to 9.1 PV by his 34th 
EEG biofeedback training session. Concurrent with 
this 279% increase in amplitude of sensorimotor 
rhythm, he exhibited notable improvement in his 
academic and intellectual measures of perfor- 
mance. As of his 5th EEG sensorimotor rhythm 
biofeedback training session, where the average 
amplitude of SMR was 160% over baseline, it was 
noted that he had become able to smoothly move 
his eyes along a horizontal axis with his head in a 
stationary position. At the same time, he reported 
that ‘my reading is getting better’. He continued to 
increase his average SMR amplitude over the 
course of his 34 EEG biofeedback training ses- 
sions, and this positive neurologic reorientation 
was accompanied by consistent reports of his im- 
provement in reading, spelling, and mathematics. 
In the 8th month of his Grade 6 experience, he 
was retested at school. The school personnel were 
not aware that he had been receiving EEG 
sensorimotor rhythm biofeedback training ses- 
sions. His TOWL spelling level had increased from 
the 3.4 to the 7.2 grade level, with the word usage 

ability having increased from the 7.0 to the 8.5 
grade level, the style subscale having increased 
from the 5.2 to the 9.3 grade level, the thought 
units measure having increased from the 2.2 to the 
3.8 grade level, and the handwriting measure hav- 
ing increased from the 4.6 to the 9.5 grade level. 
His silent reading ability increased from the 2.0 to 
the 4.0 grade level in independent reading, from 
the 3.5 to the 6.5 grade level in instructional level, 
and from the 5.0 to the 8.0 grade level in frustra- 
tion level. His oral reading ability increased from 
the 2.0 to the 5.0 grade level in independent read- 
ing, from the 3.5 to the 6.5 grade level in instruc- 
tional level, and from the 5.0 to the 8.0 grade level 
in frustration level (Ekwall Individual Reading 
Inventory). Concurrent with this academic re- 
evaluation, he was readministered the WISC-R. 
His verbal I.Q. had increased, 19 points, from 
average (101) to the lower end of superior (120). 
His performance I.Q. had increased, 14 points, 
from average (104) to the upper end of high aver- 
age-bright (118). His full scale I.Q. had increased 
from average (102) to the lower end of the superior 
(122) range of intellectual functioning. 

Case 6 

Case 6 is a 10 year 2 month old Caucasian 
male, in Grade 5, with a history of poor academic 
performance since Grade 3. At the conclusion of 
Grade 4, a psychoeducational evaluation noted his 
having exhibiting deficits in visual-motor and fine 
motor skills. His reading ability was assessed to be 
at the 3.6 grade level, with his spelling ability 
assessed to be at the 2.1 grade level, and his 
mathematics ability assessed to be at the 4.9 grade 
level. His WISC-R profile showed him to be func- 
tioning within the average range of intellectual 
ability, but there was a 21 point discrepancy be- 
tween his verbal (112) and performance I.Q. (91) 
in favor of his verbal I.Q. score. His WISC-R 
scores were accepted for utilization in his pretreat- 
ment baselines (See Table I). Classification and/or 
the scheduling of remedial services was deferred 
and he was promoted to a regular Grade 5 class. 
One month into his Grade 5 experience, he under- 
took EEG sensorimotor rhythm biofeedback train- 
ing. He evidenced upon intake difficulties in sac- 
cadic fixation and ocular pursuit movements. 
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Specifically, he was unable to move his eyes 
smoothly along a horizontal axis with his head in a 
stationary position. His reading style was evi- 
denced by his skipping words, not noticing his 
missing commas and periods, and a consistent 
inability to understand what it was that he had 
just ‘read’. In addition, his handwriting was char- 
acterized by an inability to ‘stay on the line’. 

Case 6’s mean amplitude of SMR increased 

from a baseline of 3.4 PV to 7.5 PV by his 19th 
EEG biofeedback training session. Concurrent with 
this 120% increase in amplitude of SMR, he ex- 
hibited notable improvement in his fine motor 
skills and reading ability. As of his 5th EEG 
sensorimotor rhythm biofeedback training session, 
he received his report card for the first academic 
quarter. His reading grade was a B. It was noted 
by his regular school teacher that: ‘his reading 
ability has definitely improved - especially com- 
prehension in the first 5 weeks. His memory is 
much improved. He now knows what he reads’. 
For that same initial 5 week period, his mean 
amplitude of SMR had increased to 50% over 
baseline. Two weeks later, his father noted that: 
‘his Hebrew teacher said that, over the past 4 
weeks, he had a significant improvement in his 
Hebrew reading’. This boy continued to improve 
in both his regular and Hebrew school function- 
ing. As of his 8th EEG biofeedback training ses- 
sion, it was noted that: ‘now he writes on the lines 
- before it was all over’, as of his 9th EEG 
biofeedback training session, that he became able 
to smoothly move his eyes along a horizontal axis 
while keeping his head stationary, and of his 10th 
EEG biofeedback training session that ‘he no 
longer skips words as he reads’. As of his 19th 
EEG sensorimotor rhythm biofeedback training 
session, his functioning seemed to have stabilized 
and his reading, spelling, mathematics, and intel- 
lectual abilities were reassessed. His reading ability 
had increased from the 3.6 to the 7.2 grade level, 
his spelling ability had increased from the 2.1 to 
the 6.4 grade level, and his mathematics ability 
had increased from the 4.9 to the 5.5 grade level 
(WRAT). This testing was performed in the 9th 
month of Grade 5. His verbal I.Q. had increased, 
13 points, from high average-bright (112) to su- 
perior (125). His performance I.Q. had increased, 

24 points, from the lower end of average (91) to 
high average-bright (115). His full scale I.Q. had 
increased, 21 points, from average (102) to the 
superior (123) range of intellectual functioning. 

DISCUSSION 

The results of this study verify and extend 
previous findings with respect to this EEG bio- 
feedback training procedure and its effects on 
learning disabilities (Tansey and Bruner, 1983). 
The results, themselves, have been presented in a 
manner so as to adequately convey both the 
quantitative performance measure changes (SMR 
mean amplitude and WISC-R/academic testing) 
and the qualitative effects of EEG sensorimotor 
rhythm biofeedback training on the idiosyncratic 
psychoeducational status of each subject. Overall. 
the main effect of this procedure, for the biofeed- 
back and subsequent conditioning of increased 14 
Hz neural discharge patterns over the Rolandic 
cortex, seems to increase bilateral sensorimotor 
transactions resulting in substantive reductions/ 
remediation in the learning disabilities of the re- 
cipients of such training. 

It is noteworthy that those subjects, with either 

a significant (> 15 points, P < 0.01) verbal greater 
than performance or performance greater than 
verbal IQ. score discrepancy, exhibited no less 
than a 60% greater increase in the lower of the two 
I.Q. scores. This finding is, in itself, a strong 
argument for the bilateral effects of this EEG 
biofeedback training procedure. The WISC-R 
verbal and performance I.Q.‘s have long been 
acknowledged as reflecting left and right cerebral 
hemispheric function, respectively; with significant 
differences between them reflective of a greater 
functional dependency on one or the other cerebral 
hemisphere underlying all behavior. Thus, ongoing 

research has linked perceptual-motor dysfunction 
with significant verbal greater than performance 
I.Q. discrepancies (Kinsborne and Warrington, 
1963; Rourke and Telegdy, 1971). Cases 1 and 6 
exhibit such a pattern of learning disability and 
WISC-R profile. Of note is that the neurologically 
depressed performance I.Q. scores of both cases 1 
and 6 showed 60% and 84% greater increase, re- 
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spectively, than their verbal I.Q. score, and that 
this trend towards functional cerebral equalization 
concurred with a substantive reduction/ 
remediation of their learning disabilities. Research 
has further linked the opposite state of affairs, a 
significant performance greater than verbal I.Q. 
discrepancy, with a verbal-expressive dysfunction 
(Hewitt and Massey, 1969; Weiner, 1969; Killian, 
1971). Cases 2 and 4 exhibit such a pattern of 
learning disabilities and WISC-R profile. Again, 
the neurologically depressed I.Q. score - this 
time verbal - for Cases 2 and 4 showed 90% and 
257% greater increase, respectively, than their per- 
formance I.Q. score, and that this trend towards 
functional cerebral equalization concurred with a 
substantive reduction/remediation of their learn- 
ing disabilities, Overall, these results indicate that 
this EEG sensorimotor rhythm training procedure 
not only seems to facilitate increased sensorimotor 
transactions (SMR amplitude) but also to promote 
increased functional symmetry in the interhemi- 
spheric interactions between the right and left 
cerebral hemispheres for this population of learn- 
ing disabled boys. 

The results of this study also replicate earlier 
findings with respect to the effect of increased 
sensorimotor transactions and oculo-motor dys- 
function (Tansey and Bruner, 1983). Specifically, 
Cases 3, 5 and 6 manifested a remediation of 
specific oculomotor dysfunction following this 
EEG sensorimotor rhythm biofeedback training 
procedure. As stated in that study, while there is 
little argument as to the discomfort and fatigue 
that ocular anomalies lend to a reading task, there 
is a growing literature concluding that reading 
disorders stem from deficits in information 
processing, in essence a symbolic learning disorder 
rooted in cerebral dysfunction, rather than being 
caused by oculomotor dysfunction. At very best, 
the literature shows oculomotor anomalies to be a 
concurrent dysfunction whose manifestation is de- 
termined by deficits of volitonal control and inter- 
nal coordination of the eye muscles. Developmen- 
tal reading disorders are then viewed in terms of 
the efficacy of cerebral mechanisms that store 
visually derived information and its selective retri- 
eval (Benton, 1975; Critchley, 1970; Fox et al., 
1975; Lawson, 1968). In this context, we may 

entertain the possibility that internal stimulation 
of the sensorimotor cortex had, as a side benefit. 
the increasing integration/coordination of fine 
motor skills. 

This study presents a clinical treatment regime 
for pathological interhemispheric dysfunction with 
respect to a population of learning disabled boys. 
In this, the treatment does not rely on complicated 
and exorbitantly expensive equipment neither must 
it be performed in an isolated laboratory setting. 
This EEG biofeedback training procedure utilizes 
compact, portable equipment, and the training 

itself was performed in a clinical office setting. It 
is hoped that this paper will serve as a useful pilot 
for further studies with larger populations and, in 
this manner, increase our knowledge of the link 
between the brain and human behavior. 
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