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[57] ABSTRACT

A biofeedback method and system for use to train a
person to develop useful degrees of voluntary control
of personal electroencephalogram (EEG) activity. A
plurality of EEG potentials from a plurality of locations
on the head are individually amplified and filtered in
accordance with strict criteria intended for processing
in accordance within time constraints limited by natural
neurological reactivity. Each resultant signal is pro-
cessed to provide objective data on brain energies as a
function of frequency. Data are presented in real time to
the trainee in the form of preselected auditory tones
and/or vibro-tactile stimuli indicating with high fidelity
the details of EEG activity at a multiplicity of cortical
sites. Features of auditory feedback promote learning as
well as identification and elimination of spurious artifact
states. At periodic intervals, the auditory feedback is
supplemented by sensory presentation of digital scores
summarizing performances in a metric proportional to
brain energy output in the feedback parameters. The
scores may be presented as illuminated numerical dis-
plays, aurally or both. The system is preferably in an
environment designed to control the arousal level of the
trainee and the degree of distractibility so as to maxi-
mize the learning of voluntary self-control.

37 Claims, 4 Drawing Sheets
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EEG BIOFEEDBACK METHOD AND SYSTEM
FOR TRAINING VOLUNTARY CONTROL OF
HUMAN EEG ACTIVITY

BACKGROUND OF THE INVENTION

This invention was conducted in cooperation with
the University of California San Francisco Medical
School under partial sponsorship of the BioCybernaut
Institute.

1. Field of the Invention

The invention relates to EEG biofeedback apparatus
and to use of biofeedback information to foster rapid
learning of EEG self-control. In addition, the invention
relates to an EEG biofeedback apparatus for providing
simultaneous, minimal phase delay feedback on multiple
sub-bands of EEG filtered out of multiple independent
EEG channels, each such channel derived from a differ-
ent cortical location. Specific multiple subbands of
EEG (delta, theta, alpha, beta, and subranges within
each) can be combined in linear combinations to facili-
tate learning of complex, useful EEG patterns, and the
sub-bands and subranges can be altered and redefined to
permit adaptation of the system to unique individual
requirements, designed to facilitate the learning of self-
control of EEG activity.

The manifest purpose of biofeedback in general, and
EEG biofeedback in particular, is to permit an individ-
ual to use the feedback information to learn a useful
degree of voluntary self-control of a specific biofeed-
back parameter.

It is theorized that each of the major subbands of the
EEG (delta, theta, alpha, beta) has unique bio-electric
characteristics which correspond with unique subjec-
tive characteristics within the experience of the individ-
ual. Delta is observed most clearly in coma and deep
sleep, theta in light sleep and drowsiness, alpha in a
variety of wakeful states involving creativity, calming
of the mind, and inner focus of awareness, and beta in
alert wakeful situations with external focus.

Most of the focus of the prior art in EEG biofeedback
has been directed to teaching voluntary control of EEG
alpha activity only. Thus a major focus of this applica-
tion will be on how this apparatus facilitates learning of
EEG alpha activity. Alpha activity increases in creative
people during periods of creativity and problem solv-
ing. Alpha activity increases in meditation. It is related
to ability to withstand pain, and it is related to level of
spiritual development in Zen meditation. Reduced
alpha activity is associated with stress and anxiety.
Thus, there are clearly important reasons for teaching
people how to increase their EEG alpha activity with
suitable EEG biofeedback apparatus and procedures.

2. Description of Prior Art

The following patents have come to the attention of
the inventor as a result of a search:

Patent Number Issued Name

3,821,949 July, 1974 Hartzel et al.
4,136,684 January, 1979 Scattergood, et al.
4,228,807 October, 1980 Yagi, et al
4,461,301 July, 1984 Ochs

Other patents referenced in the above p are as follows:
3,032,029 May, 1962 Cunningham
3,123,768 March, 1964 Burch
3,524,442 August, 1970 Horth
3,533,003 October, 1970 Plaszczynski, et al.
3,628,538 December, 1971 Vincent, et al.
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Patent Number Issued Name

3,641,993 February, 1972 Gaarder, et al.
3,753,433 August, 1973 Bakerich, et al.
3,896,790 July, 1975 Dikmen
3,905,355 September, 1975 Brudny
3,978,847 September, 1976 Fehmi, et al.
3,983,865 October, 1976 Shepard

The following publications have come to the atten-
tion of the inventor:

Plotkin, W. B., “On the Self-regulation of the Occipi-
tal Alpha Rhythm: Control Strategies, States of Con-
sciousness, and the Role of Physiological Feedback,”
Journal of Experimental Psychology: General, 1976, 105,
66-99.

Cleeland, C. S., Booker, H. E., & Hosokawa, K.,
“Alpha Enhancement: Due to feedback or the Nature
of the Task?,” Psychophysiology, 1971, 8, 262-263.

Hord, D. & Barber, J., **Alpha Control: Effectiveness
of Two Kinds of Feedback,” Psychonomic Science, 1971,
25, 151-154.

Peper, E. & Mulholland, T. B., “Methodological and
Theoretical Problems in the Voluntary Control of Elec-
tro Encephalographic Occipital Alpha by the Subject,”
Biofeedback and Self-Contro! 1970. Chicago: Aldine-
Atherton, 1971.

Paskewitz, D. A., & Orme, M. T., “The Effect of
Cognitive Tasks on the Feedback Control of Alpha
Activity,” Psychophysiology, 1971, 8, 263.

Paskewitz, D. A. & Orne, M. T., “Visual Effects on
Alpha Feedback Training,” Science, 1973, 1981,
360-363.

Honorton, C. Davidson, R., & Bindler, P., “Shifts in
Subjective State Associated with Feedback Augmented
EEG Alpha,” Psychophysiology, 1972, 9, 269-270.

Mulholland, T. B., “Can You Really Turn on with
Alpha?* The R.M. Buicke Memorial Society Newsletter
Review, 1972, 5(1&2), 32-40.

Walsh, D. H., “Effects of Instructional Set, Rein-
forcement and Individual Differences in EEG Alpha
Training,” Proceedings of the Biofeedback Research Soci-
ety, Boston, November, 1972.

Walsh, D. H., “Interactive Effects of Alpha Feed-
back and Instructional Set on Subjective State,” Pspcho-
physiology, 1974, 11, 428-435.

Podlesney, J. A., & Raskin, D. C., “Biofeedback: A
Failure to Enhance Alpha EEG,” Proceedings of the
Society for Psychophysiological Research, Galveston, Oc-
tober, 1973.

Berger, H., Archiv fuer Psychiatry Nervenkrankheit,
1929, 87, 527.

Berger, H., Journal of Psychology and Neurology, 1920,
40, 160.

Williams, A. C., Journal of Experimental Psychology,
1940, 26, 413.

Kennard, M. A. & Willnor, M. D., Diseases of the
Nervous System, 1945, 6, 337.

Stennett, R. G., Electroencephalography and Clinical
Neurophysiology, 1957, 9, 131.

Costa, L. D., Cox, M., Katman, R., Journal of Con-
sulting Psychology, 1965, 29, 90.

The above references may represent relevant prior
publications. These references describe many systems
which measure human EEG activity, some of which are
designed to provide feedback information to the person
from whom the EEG signals are derived. While exam-
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ples of the prior art suggest mechanisms for deleting
and processing EEG activity, it invariably appears to be
assumed that mere feedback, without regard to type or
phase relationship, will permit learning of voluntary
EEG control.

Prior art systems are limited in many ways. The chan-
nel capacity is limited. None of the known systems is
designed with natural reactivity of the EEG in mind.
And non of the known systems incorporates EEG de-
tection and feedback mechanisms directed to learning
control.

Some examples of the prior art actually incorporate
as design objectives characteristics which have been
found to be inimical to learning control of EEG (as for
example U.S. Pat. No. 3,821,949, to Hartzel et al. and
U.S. Pat. No. 4,461,301, to Ochs). Other prior art con-
found EEG beta activity and muscle activity and em-
ploy the resultant confusion in conjunction with impre-
cise EEG filtering to claim unique techniques of recog-
nizing alpha waves and muscle potentials (for example
U.S. Pat. No. 4,228,807). Simply recognizing the alpha
waves and the muscle artifacts is not sufficient to pro-
mote learning. This fact is attested to by the large vol-
ume of published research papers wherein scientists
using the best known examples of the EEG biofeedback
art taught that is was not possible to teach their trainees
any significant degree of voluntary control of EEG
alpha activity (Cleeland, Booker, & Hosokawa, 1971;
Hord & Barber, 1971; Peper & Mulholland, 1971; Paste-
witz & Orne, 1971, 1973; Honorton, Davidson, & Bin-
dler, 1972; Mulholland, 1972; Waish, 1972, 1974; Pod-
lesnoy & Raskin, 1973; Plotkin, 1976). Recent pro-
nouncements by leading researchers in the field suggest
a consensus opinion that people cannot learn voluntary
control of their EEG alpha activity, and that work with
other EEG parameters must await better equipment. Of
particular note in the prior art are specifications as to
degree of accuracy and precision required in an active
feedback system. U.S. Pat. No. 3,821,949 to Hartzel et
al. for example makes representations as to needed accu-
racy and precision. These representations have been
discovered to be inadequate and apparently erroneous.

Against this background, the current invention con-
stitutes a major advance over prior art.

SUMMARY OF THE INVENTION

According to the invention, an EEG biofeedback
system is provided which comprises an environment
free of unintentional aural and visual distractions
wherein a pair of reference electrodes, a suitable ground
electrode and a plurality of active cortical site elec-
trodes used in monopolar configuration are placed on
the head of a trainee with output signals directed to an
equal number of EEG amplifiers. The output of each of
the active cortical site electrodes is filtered into sub-
bands or subranges of the EEG. The filtered signals are
converted into aural or tactile response indicia and
supplied in real time to the trainee in an environment
with controlled spurious distractions to allow the
trainee to respond instantaneously to biofeedback sig-
nals. In addition, cumulative or average rating values
(numerical scores) are presented periodically to the
trainee visually or audibly during breaks in a training
session to permit the trainee to be informed of progress
in biofeedback control.

In a specific embodiment, eight frequency subbands
may be established: delta, slow theta, fast theta, slow
alpha, middle alpha, fast alpha, slow beta, and fast beta.
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4

Frequency-domain filtering is accurately effected with
minimal delay and precision greater than heretofore
known or suggested. The present invention is based on
considerations dictated by the natural reactivity of the
EEG.

An important aspect of the present invention is the
provision of EEG biofeedback indicia which: (a) permit
easy recognition of specific subbands and subranges of
the EEG; (b) permit easy recognition of peak perfor-
mance within the chosen subbands and/or subranges;
(c) permit recognition of the presence or absence of
artifact conditions; (d) facilitate association of these
recognitions with an often transient mental or subjec-
tive state accompanying them; and (e) facilitate the
attainment of stable mental or subjective states which
are associated with underlying EEG activity, which
EEG activity is the subject of the biofeedback training.

As is hereinafter explained, learning control of EEG
activity through EEG biofeedback is actually achieved
by the learning of control over one’s mental and emo-
tional subjective states, and the whole of the technique
involving apparatus, procedures, and environment must
foster this latter function for optimal learning of EEG
control to occur. The goal of such control is not control
of measurable parameters, but the control of the mental
and emotional subjective states associated with the ob-
jectively measurable EEG subbands and subranges.

A feature of the present invention is the presentation

‘of both continuously-variable instantaneous, as well as

intermittent discrete feedback information to the
trainee. Continuously-variable instantaneous feedback
preferably consists of tones chosen for frequency and
waveform characteristics to facilitate the brain wave
activity which is the subject of the EEG biofeedback
training.

Another feature is the monotonic relationship be-
tween tone volume and instantaneous amplitude of the
EEG parameter or parameters under feedback. Each
different cortical site and/or each different EEG sub-
band under feedback drives a tone of a different pitch
originating from a separate speaker in a unique spatial
location, up to a total of sixteen (16) speakers in one
preferred embodiment. Thus, the trainee has both pitch
cues and spatial cues to guide personal development of
awareness and control of EEG and associated mental
and/or emotional subjective states.

Another feature is that each of the tones has associ-
ated with it an alternate (secondary) tone which is auto-
matically substituted for the primary tone whenever a
specific amplitude threshold is exceeded. This has been
found to be a preferred way to signal artifact without
disturbing the feedback process. It also can be used to
signal transient occurrences of peak performance in the
biofeedback control task, thus reinforcing fleeting in-
stances of peak performance as well as accelerating and
motivating the feedback learning process. This feature
also provides for “transfer of training” to situations
outside the biofeedback setting by providing an adjust-
able level at which a “startle” or “orienting” response
can be induced. To the extent a trainee can rapidly
overcome startle response and reinstitute the mental
and neural state currently under feedback, there will be
more transfer of training from the feedback setting to
the normal ambient environment of the trainee. The
threshold of inducing the startle or orienting response
can be adjusted so that beginning trainees can be spared
undue distraction. Control can be strengthened later
through the modulation of the adjustable startle. In this
























