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EEG BIOFEEDBACK IN THE S C  
The Use of EEG Biofeedback to Treat 

in a School Setting 

William D. Boyd Advanced Neuropsychology, Inc., Denver, Colorado 
Susan E. Campbell Converse County School District #l, Douglas, Wyoming 

Six  middle school students diagnosed with attention deficit/hyperactivity disorder were selected 
for sensorimotor rhythm (SMR) training with EEG biofeedback. The subjects were evaluated 
following a 72-hour drug-free period with the WISC-III Digit Span subtest and the Test of 
Variables of Attention (TOVA). Five of the subjects received 20 sessions of EEG biofeedback and 
one of the subjects received nine sessions of EEG biofeedback. The subjects were evaluated again 
following a 72-hour drug-free period. Five of the six subjects improved on their combined Digit 
Span, TOVA Inattention, and TOVA Impulsivity scores. These results supported previous 
findings that EEG biofeedback can be effective in the treatment of attention deficit/hyperactivity 
disorder. More importantly, this study demonstrated that EEG biofeedback could be used in an 
actual school setting. Recommendations for implementing an EEG biofeedbmk program in the 
schools were provided. 

T h e  authors wish to acknowledge Barb Thurmon, Michelle Perko, Chris Shinrnori, and Kristen 
Campbell for their assistance with the study. The authors also wish to acknowledge Dennis 
Seheer and the Converse County School District #1 School Board for allowing the study to take 
place in their school district. 
Reprints can be obtained from: William D. Boyd, PhD., 1385 S. Colorado Blvd., Suite 300, 
Denver, CO 80222 

An early study (Sterman, Wyrwicka, 
& Roth, 1969) demonstrated that animals 
could be trained to produce brain waves in 
the 12 to  15 hertz range in the sensorimotor 
region of the brain. Sterman et  al. (1969) 
called these brain waves sensorimotor 
rhythm (SMR). According t o  Sterman 
(1996), “Spontaneous SMR is seen during 
motor response inhibition and sustained 
motor quiescence in an  otherwise alert 
animal. Voluntary production of the SMR, 
therefore, requires the animal to effectively 
stabilize or suppress somatosensory 
proprioceptive input while remaining 
generally attentive.” (p. 14) 

The motor response inhibition and 
sustained motor quiescence noted by 
Sterman (1996) were precisely the kinds of 
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behaviors educators wish to  see develop in 
children who are diagnosed with attention 
deficithyperactivity disorder. Since the 
Sterman et  al. (1969) study, researchers 
have been interested in applying 
electroencephalographic (EEG) biofeedback 
technology t o  the treatment of humans with 
attention deficithyperactivity disorders. 

Lubar & Shouse (1976) used EEG 
biofeedback of SMR to treat a child with an 
attention deficithyperactivity disorder. 
Since this early work, there have been a 
number of studies that have successfully 
applied EEG biofeedback to the treatment 
of attention deficithyperactivity disorders 
(Lubar, 1991; Lubar, 1993; Lubar & Lubar, 
1984; & Tansey, 1993). 
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Rossiter & LaVaque (1995) found 
that 20 EEG biofeedback sessions were 
sufficient to s igdcant ly  reduce the number 
of cognitive and behavioral symptoms of 
attention deficithyperactivity disorder. 
They concluded that EEG biofeedback can 
lead to “normalization” of behavior, “and 
can enhance the long-term academic 
performance, social functioning, and overall 
life adjustment of the AD/HD patient.” (p. 
25) Sterman, Goodman, & Kovalesky 
(1978) and Othmer, Othmer, & Marks 
(I99 1) demonstrated that the effects of SMR 
training through EEG biofeedback could 
have long-lasting effects. 

Most of the EEG biofeedback studies 
were completed in clinical settings where 
extraneous variables could be effectively 
controlled. The purpose of this study was to 
apply EEG biofeedback technology in an 
actual school setting with all of the inherent 
problems, issues, and distractions that are 
likely t o  occur in such a setting. 

Method 
Subjects 

The subjects included six middle 
school students of the Converse County 
School District #1 in Douglas, Wyoming. 
The subjects were all males who ranged in 
age from 13.0 to 15.0 years. Two subjects 
were in the sixth grade, one was in the 
seventh grade, and three were in the eighth 
grade. The subjects were all diagnosed with 
an attention deficithyperactivity disorder 
and had been treated or were currently 
being treated with a psychostimulant 
medication such as Ritalin. Selection 
criteria included a diagnosis of attention 
deficithyperactivity disorder and likely 
parental cooperation. 

Measures 

Quantitative Electroencephalogram 
(qEEG) Lexicor Neurosearch 1620 brain 

wave analyzer was used to complete a 
quantitative electroencephalogram (qEEG) 
evaluation on each subject. Nineteen active 
electrodes were placed in a 10 - 20 montage 
with the help of an  Electrocap. The 
electrodes were grounded to the forehead 
and referenced to the ears. At least 300 
seconds of brain wave activity was collected 
while the subjects were relaxed with eyes 
closed. The resulting two-second brain 
wave epochs were examined and epochs 
containing significant muscle activity or eye 
movement artifacts were eliminated. In 
each case, at least 30 seconds of relatively 
artifact-free brain wave activity was 
available for the analyses. Comparison of 
the subjects’ brain waves to a database of 
normal brain waves (Thatcher, Walker, 
Gerson, & Geisler, 1989) suggested that a 
treatment protocol designed to increase the 
amplitude of 12 to 15 hertz brain wave 
activity in the sensorimotor region was 
appropriate. That is, there were no other 
significant brain wave abnormalities that 
might account for the diagnosis of an 
attention deficithyperactivity disorder. 

Wechsler Intelligence Scale for Children - Ill (WISC- 
111) Digit Span Subtest 

An educational diagnostician 
administered the Digit Span subtest of the 
Wechsler Intelligence Scale for Children - 
111. The Digit Span subtest score was 
converted to  a standard score with an 
average of 100 and standard deviation of 15 
in order to facilitate comparison with other 
test scores. 

Test of Variables of Attention (TOVA) 

The TOVA (Greenberg & Kindschi, 
1996) is a continuous performance test that 
is sensitive to  problems in attention and 
impulsivity. The subjects were required to 
watch a video screen and press a button 
when a target stimulus was presented and 
inhibit pressing the button when a non- 
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target stimulus appeared. The standard 
scores (mean of 100 and standard deviation 
of 15) from the Inattention (errors of 
omission) and Impulsivity (errors of 
commission) scales were obtained. 

Procedure 
Pretest 

The subjects were evaluated 
following a 72-hour drug-free period. After 
the qEEG evaluations were completed, the 
subjects were administered the WISC-I11 
Digit Span subtest and the TOVA. The 
standard scores from the Digit Span 
subtest, the Inattention Scale of the TOVA, 
and the Impulsivity Scale of the TOVA were 
added together and divided by three in 
order to obtain a combined standard score. 

Treatment 

An active electrode was placed on 
the scalp above the sensorimotor region of 
the brain (CZ). A Lexicor Pod I1 Trainer 
was programmed t o  provide visual and 
auditory feedback of 12 to 15 hertz brain 
wave activity. Five of the six subjects 
received twenty 30-minute sessions of EEG 
biofeedback training. The sixth subject only 
received nine sessions due to school 
absences and problems with motivation. 

Posttest 

The posttest evaluation took place 
following a 72-hour drug-free period. The 
subjects were again administered the 
WISC-I11 Diglt Span subtest and the TOVA. 
The standard scores from these tests were 
again averaged to obtain a combined 
standard score. 

Results 

Five of the six subjects improved 
from the pretest to the posttest in their 
combined standard scores. The TOVA 

results for the sixth subject were invalid, 
but there was a mild improvement in the 
Digit Span score. Table 1 presents the 
combined scores from pretest to  posttest 
and amount of change. The probability of 
these results occurring by chance alone was 
less than one in 1000. 

Only the results of the Digit Span 
subtest were available for all six subjects, so 
a statistical analysis was also performed on 
these scores (see Table 2). The difference 
between these pretest scores and posttest 
scores should only occur six out of 100 times 
by chance alone. 

Discussion 

The results of this study supported 
previous findings that EEG biofeedback can 
be used to treat attention 
deficithyperactivity disorders. In this 
study, five out of six subjects clearly 
benefited from treatment. Othmer (1994) 
said that 20 EEG biofeedback sessions can 
successfully treat approximately 30% of 
subjects with attention deficithyperactivity 
disorders, but the current study resulted in 
positive gains for at least 80% of the 
subjects. 

Neither the pretest nor the posttest 
data from the TOVA was valid for one of the 
subjects. This subject began responding 
randomly following the second quarter of 
the test, which suggested that he “gave up” 
during the test. In addition to giving up 
during the TOVA, this subject was noted to 
have a very flat affect. An interview with 
the subject’s mother suggested that there 
had been an increase in irritability, 
unhappiness, appetite problems, and 
sleeping problems during the past few 
months. The impression was that this 
subject was suffering from a major 
depressive disorder and he was referred to 
his physician for further evaluation and 
treatment. I t  was interesting to note that 
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this subject improved in his Digit Span 
subtest score during which he did not “give 
up.” Perhaps this subject would also have 
improved in his TOVA scores if the results 
were not invalid due to a random response 
pattern in the second half of the test. 

A decrease in the TQVA Inattention 
score was noted between the pretest and the 
posttest for two subjects (S2 and S3). After 
missing the first few items of the TOVA, S2 
asked, “Am I supposed to press the button 
when the square is at the bottom or at the 
top?” After c la re ing  that the target 
contained the square at the top S2 missed 
no other items. Thus, it seemed very likely 
that this subject would have improved on 
all measures if he had thoroughly 
understood the task before beginning the 
TOVA. This same subject’s DiBt Span 
subtest score improved from 75 to 110. 
Interestingly, this was the same subject 
who only completed nine EEG biofeedback 
sessions. The reason for the increased 
TOVA omission errors for S3 was not 
known, but a such a decrease in a test score 
can oceur as a result of chance factors due to 
the number of tests administered. 

The importance of the current study 
was not to simply replicate previous 
findings. The present study had far too few 
subjects and lacked the scientific controls 
necessary to serve as a cross-validation 
study for EEG biofeedback in the treatment 
of attention deficithyperactivity disorders. 
The real value of the present study was to  
demonstrate the effective use of EEG 
biofeedback in an actual school setting. 

There were many problems 
encountered during the implementation of 
this study. A computer problem made it 
necessary to  transport both the computer 
and the POD 11 trainer from place to place 
in order to  provide treatment. Fortunately, 
most of the treatment took place in the 
same building. 

The scheduling of subjects and staff 
so that the EEG biofeedback training could 
be completed in a timely manner was  the 
second major problem. The project did not 
begin until late in the school year and only 
one of the subjects was able to complete all 
20 sessions before the summer break. As a 
result, five of the six subjects had t o  
complete their training during the summer 
months. 

Motivation was a third major 
barrier, particularly for one of the subjects. 
Movie passes had to be used to “encourage” 
the subject to participate in the program 
during the summer. Even with bribery, this 
subject was only able to  complete nine 
sessions. Incidentally, this subject made 
good improvements as a result of his rather 
brief treatment. 

The fourth problem resulted from 
staff changes and personnel issues. At first, 
the special education director and a 
diagnostician were to  be responsible for 
providing the EEG biofeedback to the 
subjects. This turned out to be a problem 
due to the many other responsibilities of 
these indwiduals. A decision was made to 
train a college student as the technician 
who would provide treatment. Still another 
paraprofessional had to be trained because 
the college student returned to school before 
the program was completed. 

On the positive side, studies have 
shown EEG biofeedback to  be an effective 
alternative to the use of psychostimulant 
medication for many children diagnosed 
with attention deficit/hyperactivity 
disorders. It is non-evasive and has few, if 
any, side effects. It is relatively easy for the 
trainer and the child to  do, although there 
is a risk of boredom on the part of both. It 
can be relatively inexpensive when it is 
made a regular part of the subject’s special 
education program. 
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Recommendations for the use of 
EEG biofeedback in the schools: 

Make sure the equipment is going to work 
before beginning treatment. 

Make sure that the EEG biofeedback 
sessions are a regular part of the 
subject’s weekly schedule of activities. 
This can be accomplished by scheduling 
the treatment once per week or by 
rotating the treatments with other 
activities. 

Make sure there are a sufficient number of 
trained technicians. Also, make sure 
that the technician’s other 
responsibilities will not interfere with 
providing EEG biofeedback treatment to 
subjects. 

Select appropriate subjects through the 
typical interdisciplinary process for 
developing individualized educational 
plans. 

Enlist the support of parents and teachers 
and provide plenty of education 
concerning EEG biofeedback training. 

Obtain the support of the subjects’ personal 
physicians. 

Use other strategies in addition to EEG 
biofeedback to treat the attention 
deficithyperactivity disorder. This 
might include behavior modification, 
environmental modification, and even 
the use of smaller doses of 
psychostimulant medications. 

In conclusion, the use of EEG 
biofeedback in schools can provide an 
effective alternative to psychostimulant 
medications. EEG biofeedback can become 
part of the student’s scheduled weekly 
activities so that there is little or no 

interference with other educational 
activities. 
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Table I 

Combined Digit Span, Inattention, and Impulsivity Scores 

Scores s1 s2 s3 s4 s5 
S 6  

Pre test96.796.394.7 100102.7* 
Posttest 109.7 102.799 10 1.7 104.3" 

Difference 13 6 . 4  4 . 3  1.7 1.6 
* 

*Invalid results 

WfSC-Ill Digit Span Subtest Scores 

Scores s1 s2 s3 s4 s5 
Subjects 

WfSC-Ill Digit Span Subtest Scores 
Subiects 

Scores s1 s2 s3 s4 s5 
S 6  

Pretest1007575859075 

Posttest 105 1109590958Q 
Difference 5 35 2 0  15 5 

5 
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