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Abstract

Subjects whe received EEG alpha feedback recarded from twoe
homologous scalp arcas (central-temporal} were trained o have
ON-OFF control over the lelt and right sides. The partial success
in demonstrating localized control suggests that snbjects may be
trained for very specific contrel. Localized training may be used to
paitition the subjective, conscious and behavioral expeiiences asso-
ciated with selected EEG patierns and to develop an independent
subjective physiological language. Applicaiions o medicing and
altered states ol consciousness are discussed,

Introduction

While recetving feedback, subjects have learned to
control their alpha, beia and theia electroencephalo-
graphic (EEG) patterns (Kamiya, 1968; Peper and
bMulholland, 1970; Green er af, 1970: Brown, {971);
in addition, some epileptic patients have lsarned
control (inhibit) their seizures by enhancing ibeir
sensory motor rhythm (Sterman, 1972). Hventhough
subjects have learned to control their EEG, the
mechanism, modes of control, and mapping of sulb-
jective conscious experience associated with certain
EEG patterns are noi understood. The EEG varizs
spontanecusly in amplitude, frequency, and spatial
location (the surface of the scalp) as the person is
jearning to control his EEG with feedback or shifts
levels of alertness. Im wmany cases, the subjective
experience associated with EEG training (such as
alpha} results from consiraining the EEG within a
narrow boundary and the subject’s effort to stay
awake and refraining from orienting commands while
being in a sensory limited environment (Peper, 1971b).

The following experiment presenis a methodology
to explore the subjective experience and hopefully the
mechanisms associated with localized EEG control.
Instead of learning control over a certain EEG pattern,
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ihe subject controls one pattern at one scalp location
and suppresses the paitern 2t anoiher scalp location,

{r human studies, the localized control of the ERG
should teass ol Lhow subjective eXperiences associated
with the varying and self~conirolled BEEG pattern. This
paradigm may pari il},f wap the physiological lap-
guage for internal ('[zw ¢s of conscionsness that Kamjya
{1968} has advocated. Morsover, if the sirategies by
whick the subjects develop localized EEG control
weire koaown, they could be used to enhance the
training of subjects with abnormal EBEG's and the
agsociated behavior aberatjons — possibly offerig
treatmend through sellicontrol In addition, if localized
wng is {easible, then the diffsrential control would
inply o greater learned specificity and not a general
change i the level of arousal, alertness, or orienting.
This localized control would be similar with human
subyects to the resulis of iara and Miller {1968)
who showed thal curarized and artifically respirated
rats could learn vasomoior dilation in one ear inde-
pendent of the other ear. This demonstration of
localized control self-control suggests applications lor
the understanding and lreatment of psychosomatic
itness,

A previous explertation {Peper, 1971a) indicated
that localized BEEG control may be feasible. In that
inttial experiment #wo oul of six subjects were Suc-
cessfully trained to produce oceipital asymmetry when
given feedback. However, the feedback indicated only
absolute asymmeiry and the paradigm could pot
resolve subjective strategies or asymmelry because of
an overall increase in percent time occipital alpha
during the asymmetry trials.

When subjects were trained for absolute occipital
alpha asymmetry, the extent of control was surprising:
3tsec out of 120sec of alpha asymmetry for the
asymmelry trial; contrasted with 3 sec out of 120 5%
of alpha asymmetry for the symmetry trial; moreoveh
the seconds of asymmetry increased above the tW0
baseline conditions.
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With a different experiment, Fehmi (1971} has
reported that: after a 20-minute exposure to a feed-
back tone which signaled when the right and left
occipital rhythms were within 15 degrees of being in
3 phase, the subjects demonstraied an ability (o increase
and decrease phase synchrony with respect to the
bascline values. He repoited that these resulis are
statistically significant; moreover, yoked controls who
received non-conlingent feedback, failed o demon-
strate @ ddference. The verbal reports from hese
subjects and 87 others associated attentional focussing
upon a relatively stable mental image with the
occurrence of the feedback signal. When such a mental
focus was disrupied, the phase synchrony of occipital
raves was ost.

apping

n addition, psychological and behavioral correlates
have been associated with jocalized brain disorders
and epileptic foct. The localization of cerebral function
hias been repeatedly demoasirated in the brain injured
and split brain studies (Sperry, 1964; Gazzaniga, 1970).
This data indicates that the left hemnisphere is dominant
in processing language functions, mathematical and
analytic tasks; while the right hemisphere is dominant
in processing spatial relations and gestali tasks.
Although the data comes from split brain and brain-
damaged subjects; data from normal subjects also
suggests that the two sides of the brajn act differenily.

rol woild
a general
it © Recently in an ingenious study, Galin and Cra-
stein (1972) looked at the power of the EEG spectrum
Lin normal subjects when  those subrjects  where
- presented witk predominantly right {(spatial) or left
verbai} hemisphere tasks, BEEG recording were mads
rom the left and right temporal-parietal areas and
the rations of average power (1-35Hz) in homo-
ogous T4/T3 and P4/P3 were computed. This ratio,
.average power of the homologous areas {right over
left), was greater in the verbal tasks than in the spatial
lasks. Using this measure from scalp recordings, they
have been able o distinguish between these two
ognifive modes as they occur i normal subjects.
'._Generally, verbal behavior is mediated in the left
“hemisphere; a finding that may explain why a large
tumber of subjects show alpha rhythms of higher
.mean voltage and of somewhat wider distribution
Over the right hemisphere (non-dominant) than the
left hemisphere (Kiloh and Osselton, 19606). Subjects
hen tested are somewhat nervous, anxious and
‘ontinvously analyzing the situation; that behavior
Would decrease the alpha amplitude on the left side
jtace that side is giving more efferent commands.

One hypothesis suggests that alpha EEG activity
May attenuate when efferent coramands are given.
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Specifically, oceipital alpha will attenusate when the
pecson s no longer “passively observing™ but giving
visual motor commands — accomrmodation and con-
vergence — while looking and orienting (Mulholiand
and Peper, 1971 ; Peper, 1971 b).

Y
i

Procedure for Localized Central-T emporal Alpha EREG
Training

The EEG was recorded on a Grass model 5 and ihe iwo feed-
back paths were identical. The feedback system for each channel has
been described previously (Peper, 1971a); Bxcept that the electrodes
were placed at the mid-points hetween P4-T4 and F4-T4 on the
right side of the scalp and P3—T3 and F3-T3 on the left side of the
scalp; the right mastoid was ground. The bandpass filier for cach
channel was se( +1 Hz for each individual’s resting alpha frequency.
The criterion to define alpha was set and measared by an optical
meter relay at the output of the bandpass filtess. The refay was set (o
close when the alpha amplitude reached 30% ol the resting amplitude
and this system has been described in detajl (Boudroet, 1977).
The velays operated a timer and closed the circuits to present the
leedback tones. A high tone was presented when ever alpha was
delined in one of the channels and & fow tone was present when
alpha was defized in the other channel. The sound was 50 Db and
presented by a speaker behind the subject.

Eight nnpaid volunteers were trained for 2 sessions, four of the
subjeets received the high feedback tone when alpha. ocovrred in
ihe right hemisphere while the other 4 subjects reccived the high
feedback toue when alpha appeared in the left hemisphere. The low
tone was present whes alpha occurred in the other hemisphere. The
subject sat in a comforiable reclining chair in a sound attenuated
light-proof roonm. An inlercom linked the experimental chamber with
the experimenter.

For each session, the subjects were instructed that alter the
two baseline conditions (eyes open and closed) with ne feedback,
two lanes would sporadically go on. These (ones were produced by
their own brain waves and that during the session they would attempt
ta gain voluntary control over these tones (their EBG). The subjects
were then given a 10 min practice session with feedback which was
{ollowed by four or six 180 sec trajning trials jn which the subjects
would attempt in the lirst trial to keep the high tone on and suppress
the tow tone; in the second trizl, the directions were reversed, the
subject would attempt to keep the low tone on and suppress the high
tone, This pattern was repeated for the following irials. Afler the
feedback trials, 2 trials were given without feedback to check whelher
the subject had any method of control. Final baselines were recorded
and the subjects were interviewed. Since this study was an explora-
tory approach, in some cases the subjects were asked (o keep their
eyes open while in other cases the light was on in the experimenial
reont.

Hesulis

Even though localized control of the EEG is
extremely difficult at least one subject showed control,
see figure 1. Although the subject did not have control
over the per cent alpha i the left central-temporal
areas — it stayed relatively constant; the subject
demonstrated independent control over her right
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100 | The limited subjective reports corroborated Galin
8 and Ornstein’s {1972) results, who found that alphg
c‘;’do - amplitude s less m the hemisphere which is performing
%2110 i a cognitive task. For example, subject, C. B., kept the
2 feli central-temporal alpha on by singing and tecling
;: a0l the thythm of dancing which would activate the Epg
2 and ihcrcfom SUpPIess alpha on the right side (nop
% 0L e No a_ﬂalytn.: — spatial analyseg}. she kept alpha on on the
E Fecdback ___%JFeedbcgcki nght‘ side by spelling things, naming the states apng
500 — 1I 5 % - % Ei ! j;’ ; multiplying high figures which would activate (he
TrHals Subjact CB. leftside, allowing relatived more alpha on the right side.

Fig. 1. Seconds of EEG alpha recorded from the homologous
areas of the scalp (central-temporal) are shown, while the subject
alternately enbances afpha on the fefi or right side by maintaining
a feedback tone ox one side (designated by small circles) and sup-
pressing the tone on the other side. The subject demonstrates
right hemisphere controt when feedback tone is given (irials 1-6)
and demonstrates both right and lefi hemisphere conirol when no
feedback is given (trials 7 and 8)

central-temporal alpha EEG. [ronically, oance the
feedback was removed the subject had some control
over the alpha EEG on the left side. This subject
(C. B) reported that to keep the low tone on (left
ceniral-temporal alpha), she quietly sang to heiself,
felt the rhythm of dancing and noticed (felt} how
relaxed she was: io keep the high tone on (right
central-temporal alpha) she spelled things named the
states of the U. S, and multiplied high figures.

Oaly one other subject (T. M) reported that the
tones made sense io him although he could not
control them. To keep the high tone on (right central-
temporal alpha) he talked and issued verbal commands;
to keep the low tone on (left central-temporal alpha)
he relaxed his tongue and felt like a zombie. He
reported that his main difficulty was that he could
not stop sell-observing and analyzing his own behavior,
The low tone kept going off as he inadvertently ob-
served, gave strong verbal commands and fixated
visually.

Discussion

Localized EEG alpha control appears feasible and
was demonstrated by C. B, It seems likely thai many
more training sessions are nccessary {two sessions
are not enough) for subjecis to learn extremely fine
control of their EEG patterns at selected locations,
especially iff shaping procedures are used. Ta order Lo
“learn” control, subjects have to “learn to forpet about
trying” and just “let it occur”.

Perhaps her wability (o change the percent alpha
or the left side during feedback conditions meant
that she coatinted to subverbalize at a certain level,
analytically observed herself while attempting to keep
the tones on and ofl. Ouly after she no longer “heard”
the tones did she relax and modulate the alpha on
the left side. The other subject’s (T. M. subjective
reports fit a similar hypothesis. His constant level of
self-awareness or mentalion prevenied any controf
which supports the localization of function.

Though this is an exploratory study, learned
localized EXEG counirol may have applications to the
study of altered states and medicine. Localized training
may help partition the unigue altered states and
subjective experiences associated with a particular
EEG pattern. Bt might be used to enhance differential
experience by training refative suppression or enhance-
ment of left hemisphere orienting {analytic functions)
and right bemisphere vesponses (spatial and ghobal
tasks). Furthermore, this icchaique, used in fongitu-
dinal study of children may help io explore how
language functions consolidate in the left hemisphere.

In the clinical coniexi this method of pariitioning
the EOG may be used to train people to recognize and
abort epileptic discharges and other localized EEG
disturbances. Finally, il may be used to develop
diagnostic tests which would idensify the conditions
under which EEG asymmeiry is pathological.
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