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I  OBJECTIVE

The pufpose of the program is to determine the characteristics of
those perceptual modalities through which individuals obtain information
about their environment, wherein such information is not presented to

any known sense,

The program is divided into two categories of investigation of
approximately equal effort, applied research and basic research. The
purpose of the applied research effort is to explore experimentally
the potential for applications of perceptual abilities of interest,
with special attention given to acecuracy and reliability. The purpose
of the basic research effort is to identify the characteristics of
individuals possessing such abilities, and to identify neurophysiological
correlates and basic mechanisms involved in such functioning.

II PROGRESS DURING THE REPORTING PERIOD .
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A. Applied Research ~oB A
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1. Remote Viewing SR

{a) Local Targets

An experiment is continuing in which ten sites known to

\\gf h the subject are being visited in random sequence, with replacement, by a

target demarcation team, A comparison is to be made as to hit accuracy
under conditions of (1) identifying the site by name and, (2) identifying

the site by photographs.
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(b) Remote Targets

In conjunction with a vacation trip by one of the
experimenters (H.P.) to Costa Rica, a week of remote target viewing will
be carried out at 1330 local time (1430 Costa Rica time). Pictures of
the target locations are to be taken, Upon return and development of

the pictures, the subject will be asked to match target pictures with

narratives, as will the experimenter, both in blind fashion. i L
. )
¢

2. Detection of Variable Density Target Material g&/

An initial experiment with twenty—-seven sponsor drawings of
variable éontent and density was completed. The goal was the difficren-
tiation of twelve low-density cards, six pencil, and nine blank cards,
The numbered envelopes containing the target material, sealed and
specially secured by the sponsor, were randomized before each trial and
placed inside non-numbered opadque envélopes before being presented to

the subject for sorting.

Two series were carried out, The first consisted of 24 runs
through the 27 cards, choosing 12 cards each run, the goal being to
choose the 12 low-density cards. Out of the 12 x 24 = 288 choices, the
expected number of target cards by chance was 128, the.observed number
chosen, 133, The second series consisted of 18 runs through the 27 cards,
choosing 6 cards each run, the goal béing to choose the 6 pencil cards.
Out of the 6 x 18 = 108 choices, the expected number of target cards by
chance was 24, the observed number chosen, 19. Thus, the overall result

given the task did not differ significantly from chance.

However, when we examine the ranking of cards by number of
times chosen, we observe a gignificant skew in the distribution.
Independent of the assigned task, in the 24-run series of 12 choices

each, the expected number of times a given card is chosen is 11,

2
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In the 18 run series of 6 ch01ces each, the expected number of times a %“éig
%o ;

given card is chosen is 4, In the two series, of the 17 cards chosen ¢ %{?;d

more often than expected by chance, the expected_number of low density 5¥5i ;Hﬁ

cards is 7.5, the observed number 13, a result significant at the
-3
P =2 x 10  level, Thus, in the overall distribution certain of the

low~-density cards were chosen often enough to yield a significant result

in the ranking distribution,

It is considered that the initial experiment was unnecessarily
complex, there being a mixture of target sizes (2), symbols (3), and ink
techniques (3). New experiments are to be carried out to clarify

whether a usable talent exists in this area.

B. Bagic Research '
1, Testing Program
_ (a) Psychological Testing

Arrangements have been made with Dr. Donald Lim of the \L//

Palo Alto Veteran's Administration Hospital for the administration of
the Halstead-Reitan neuropsychology test battery, Dr. Lim is eXperienced
in the administration of the battery and has personally consulted with

Dr., Reitan on testing procedures and interpretation.

In connection with testing hypotheses associated with
n 'Y

hemispheric specialization of the brain, Dr, Robert Ornstein of the

Langley Porter Neuropsychiatric Institute, University of California,
San Francisco, has agreed to administer tests appropriate to testing

hemigpheric predisposition.

(b) Medical Testing

The physical characteristics part of the program will be

administered by the Environmental Medicine facility of the Palo Alto

3
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Medical Clinic. The basic physical includes urinalysis, bloodwork

(hemoglobin, STS, CBC, blood pressure pulse), hearing tests (frequency
and intensity), eye tests (depth perception, color vision, far and near
vision, peripheral vision), pulmonary function test, EKG, tonbmetry,
height, weight, and a physical examination, A consultation appointment
has been set up to explore further testing for speclal areas beyond the

basic physical., = FJ

2. Measurement Program A% N .
s ;
" A
. ] ‘ a4,
# (a) EEG Experiment fgl;ﬁfﬂ '1\(} .
v \ Si;y
A variety of evidence from clinical and neurosurgical ~3 R

sources indicates that the two hemispheres of the human brain are
specialized for different cognitive functions., The left hemisphere is
predominantly involved in verbal and other analytic functioning, the

right in spatial and other holistic processing. (See Appendix.)1

In consultation with Dr. Robert Ornstein of the Langley
Porter Neuropéychiatric Institute, an hypothesis was formed based on
certain observed characteristics that paranormal functioning might
involve right hemispheric specialization, To test this hypothesis, the

EEG remote strobeflash experiment described in Report No. 1 was repeated

ﬁmhree times with monitoring of right and left occipital regions. Each
 };experiment consisted of 20 15-second trials, 10 no-flash trials; and 10
., 16 Hz trials randomly intermixed. Reduction of alpha activity (arousal
!/i response) correlated with remote stimuli was observed as in previous

experiments, but essentially only in the right hemisphere (average

i

*w‘l alpha reduction 16 percent in right hemisphere, 2 percent in left,
i .
E‘ during the 16 Hz trials as compared with the no-flash trials)., Such

Yesults indicate initial support for the hypothesis of right hemispheric
specialization, and therefore further investigation of right hemisphere

:Mﬂ/k specialization seems indicated.

4 .
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(b) Physical Measurements

'A meeting was held with Mr. Stacy Luke of the client's
organization in which it was agreed that an experiment shall be carried
out utilizing the client's Josephson junction gradiometer. Alternate
SRI locations were examined and a suitable one chosen, The purpose of

the experiment is (1) to determine whether magnetic field gradients can _.

be established on command by the subject, and, if so, (2) to investigafe N
such effects under conditions of viewing the probe from remote locations,

and, if the latter is positive, to examine the effect as a function of ~ iith;jQ
. ! . r A
A

subject-probe distance. iﬂ & pﬁ% c
,:‘L- ' .
(5; Two additional sensitive instruments are belng set up as th gﬁ
L

remote probes., One is a radiation probe box which includes a photo-

these instruments, and experimentation will proceed during April,

Ty
o
e

Reference 1: ''Hemispheric Specialization and the Duality of Consciousness,
David Galin, M.D. and Robert E, Ornstein, Ph,D., in press in:
Widroe, Harvey, M.D., ed. Human Behavior and Brain Function,

f}iﬁ”’] Published by Charles C. Thomas, Springfield, Illinois, 1973.

1"
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APPENDIX

Hemispheric Specialization and the

Duallty of Consciousness

David Galin, M.D. and Robert E. Ornstein, Ph.D.
Institute for the Study of Human Consciousness
Langley Porter Neuropsychiatric Institute

University of California, San Francisco

in press in:

Widroe, Harvey, M.D., ed. Human Behavior and Brain Function
published by
Charles C Thomas
Springfield, ll1linois
1973
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Hemispherlc Speclalizatlion and the
Duality of Consclousness
pavid Galin, M.D., and Robert E. Ornsteln, Ph.D.
Institute for the Study of Human Consclousness
Langley Porter Neuropsychlatric institute

University of California, San Francisco

CPYRGHT

‘A varlety of evidence from clinical and neurosurgical sources
indicates thaf the two hemispheres of the human brain are specialized for
different cognlitive functions. This evidence has been conflrmed In studies
of normal subjects., The left hemisphere Is péedominantly Involved In
verbal and other analytic functions, the right in spatial and other
hollistic processing. e

" The two hemispheres have been surgically separated for the treatment
of certaln cases of epilepsy; after the operation,'it has been found that
each hemisphere Is conscious, and can carry out complex cognitive processes
of the type for which it is specialized. In short, there appear to be two
separate, conscious minds In one head. The study of how these two half-
bralns cooperate or interfere with each other in normal, intact people has
Just begun. We believe that this work has important implications for
psychiatric theory and practice, and education; as well as for clinical
neurology. |

In our laboratory at Langley Porter we have been studying this
lateralization of function with EEG techniques. With the method which we
have developed we can distinguish between these two cognitive modes as they

occur in normal subjects, using simple scalp recordings.

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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We will review some of the experiments and clinical observations on
this duality in human nature, and mention some of the opportunities for
future research that seem to us most promising.

1. Speclalization of the two Hemispheres - "'Split-Brain'' studies:

The asymmetrical locallzation of cognitive function has long been
established. Language was ascribed to the left hemisphere by Dax in 1836
(Benton & Joynt, 1960). Since then clinlcal work with brain démaged
patients has continued to differentiate the cognitive functions of the

hemispheres (Semmes et al., 1955, Milner, 1965a, Luria, 1966, Corkin,

visual and tactile mazes. In contrast left temporal lobectomy of equal

extent prodﬁces little deficit on these tasks but impairs verbal memory

(Milner, 1965a, Corkin, 1965). In general, clinical work has found verbal

while spatial relationships (hollstic, gestalt) are the special province of
the right hemisphere. Sperry, Gazzaniga, Bogeﬁ and their assoclates (1969,
Levy, 1970, Bogen, 1969) have had a unique opportunity to study the

specialization of the two halves of the brain isolated from each other.
They worked with patients who had undergone surgical section of the corpus

callosum for the treatment of epilepsy. These "split brain'' patients were

one hemisphere at a time. Sperry, Gazzaniga and Bogen have been able to
establish that each hemisphere can function independently and is

independently conscious. Learning and memory are found to continue

separately in each hemisphere. The right hand literally does not know what

1965). For example right temporal lobectomy produces a severe impairment on

and arithmetical functions (analytic, linear) depend on the left hemispiere

tested with special apparatus to insure that the task was presented to only

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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the left hand i§ doing. Both halves Independently sense, percelve
and cbnceptualfze. Unflateral assoclatlons between tactual, visual
and auditory sensations remaln. In these patients, the left
hemisphere is capable of speech, writing and mathematical calculation,
and is severely fimited in problems involving spatial relations. The
right hemisphere has use of only a few words,aﬁd can perform simple
addition only up to ten, but can perform tasks Involving spatial
relationships and music patterns.

It Is Important to emphasize that what most characterizes the
heml|spheres Is not that they are speclallzed to work with dlfferent types
of material, (the left with words and the right with spatial forms);
rather each hemlsphere is specialized for a different cognitive style; the
left for an analytic, logical mode for which words are an excellent
tool, and the right for a holistic, gestalt mode, which happens to be
particularly suftable for spatial relations, and music. The difference
in cognitfve style is explicitly described in a recent paper by
Levy, Trevar;hen, and Sperry, 1972 :

""Recent commissurotomy studies have shown that the two disconnected

hemispheres, working on the same task, may process the same sensory

information in distinctly different ways, and that the two modes of
mental opération involving spatial synthesis for the right and
temporal analysis for the left, show indications of mutual antagonism

(Levy, 1970). The propensity of the language hemisphere to note

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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analytical detalls in a way that facilitates thelr description 1n
language seems to interfere with the perception of an over-all
Gestalt, leaving the left hemlsphére ‘unable to see the wood for the
trees.' This interference effect suggested a rationale for the
evolution of lateral specialization..." (Levy, et al., 1972) (See also

Nebes, 1971, Semmes, 1968).

Sperfy and ﬁ!s collaborators have found that ''in general, the post-
operative behavior of (the commissurotomy patients) has been dominated by
the major.(left) hemisphere..." except in tasks for which the right
hemisphere is particularly specialized. (Levy, et al., 1972) .

To understand the method of testing and Interviewing each half of the
brain separately, two points of functlona\‘anatomy must be kept in mlndtlv
The first is that since laﬁguage functions (speech, writing) are medliated
predominantly by the left hemisphere in most people, the disconnected right
hemisphere cannot express Itself verbally. The second point is that the
neural pathways carrying information from one side of the body and one-half
of the visual field cross over and connect only with the opposite side of
the brain. Tﬁis means that sensatfions in the righf hand and images in the
right visual space will be projected almost entirely to the left
hemisphere. Similarly, the major motor output is crossed, and the left
hemisphere ma!ﬁly controls the movements of the right Hand. Therefore,
patients with the corpus callosum sectioned can describe or answer

questions about objects placed in their right hands, or pictures flashed to

the right visual field with a tachistoscope, but can give no correct verbal
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response when the Informatlon Is presented to the left hand or the left
visual fleld (they will in fact, often confabulate). The mute right
hemlsphere can, however, indicate its experience with the left hand, for
example, by selecting the proper object from an array.

2, Dissoclation of Experience:

The dissociation between the experiences of the two disconnected
hemispheres is‘sometlmes very dramatic. A film made by Sperry and his
colleagues shows two illustrative Incldents. |

The film shows a young female patient being tested with a
tachistoscope as described above. In the series of neutral geometrical
figures being'presented at random to the right and left fields, a nude pin-
up was Included and flashed to the right (nonverbal) hemisphere. The girl
blushed and giggled. Sperry asked ''What did you see?" She answered -
“"Nothing, just a fiash of light,'" and giggled again, covéring her mouth
with her hand. "Why are you laughing then?" asks Sperry, and she laughs
again and says, ''Oh, Dr. Sperry, you have some machine!'' The episode is

~ very dramatic, and if one did not know her neurosurgical history one might
have seen this as a clear example of perceptual defense: one might infer
that she was repressing the perception of the conflictful sexual material--
even her final response (a socially acceptable nonsequitur) was convincing
(see also Sperry, Am. Psychol, 1968, 23:723-33, esp. p. 732).

In another section of the film a different patient is performing a
block design task; he is trying to match a colored geometric design with a
set of painted blocks. The film shows the left hand (right hemisphere)

quickly carrying out the task. Then the experimenter disarranges the

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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blocks and the right hand (left hemisphere) Is given the task; slowly and
with great apparent In&ecision it arranges the pleces. In trying to match
a corner of the design the right hand corrects one of the blocks, and then
shifts It aéain, apparently not realizing it was correct: the viewer sees
the left hand dart out, grab the block to r;store it to the correct
position--and then the arm of the expeflmenter reaches over and pulls the
Intfudlng left hand off-camera.

3. Psychiatric Implications:

There is é compelling formal similarity between these dissociation
phenomena seen in the commissurotomy patients and the phenomena of
repression; accord1n§ to Freud's early '‘topographical'' model of the mind,
repressed mental contents functioned in a separate realm, which was
inaccessible to conscious recall or verbal interrogation, functioning
according to Its own rules, developing and pursuing its own goals,
affecting the viscera and insinuating itself in the stream of ongolng
consciously directed behavior.

This parallel suggests that we examine. the hypothests that in normal,
intact people mental events in the right hemisphere can become disconnected
functionally from the left hemisphere (by inhibition of neuronal
transmission across the corpus callosum and other cerebral commissures),
and can continue a life of their own. This hypothesis suggests a
neurophysiological mechanism for at least some cases of repressibn, and an
anatomical locus. for the unconscious mental contents.

What are the circumstances under which such a dissociafion could take

place? There are several ways in which the two.hemispheres of an ordinary

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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person couid begin to functfion as i f they‘had been surgically disconnected,
and cease exchangling Information. The flrst way is by active Ihhlb!t!on of
informatlon transfer because of conflict. Imagine the effect on a child
when his m;ther presents one message verbally, but quite another with her
faclal expression and quy language; 'l am doing it because i love you,
dear', say the words, but ''| hate you and will dest;oy you'' says the face.
Each hemisphere s exposed to the same sensory input, but because of thei:
relat!ve specializations, they each emphasize only one of the messages.

The left will éttend to the verbal cues because it cannot extract
information from fhe facial gestalt efficiently; the right will attend
preferentially to the non-verbal cues because it cannot easily.understand
the words (Levy et al., 1972) . Effectively a different input has been
delivered to each hemisphere, Just as in the laboratory experiments in
which a tachlstoscopé‘Is used to present different pictures to the left and
right visual fields. VWe offer the following conjecture: In this situation
the two hemispheres might decide on opposite courses of action; the left to
approach, and the right to flee; Because of the high stakes involved each
hemisphere might be ablelto maintain Its consciousness and resist the
inhibitory influence of the other side. The left hemisphere seems to win
control of the output channels most of the time (sperry, 1968), but if the
left is not able to "turn off'' the right completely it may settle for -
disconnecting the transfer of the conflicting information from the other
side. The connections bétween hemispheres are relatively weak compared to
the connections.within hemispheres(Bogen 1969) and it seems likely that

each hemisphere treats the weak contralateral input in the same way in

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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which people In general treat the odd discrepant observation which does not
fit with fhe mass of their bellefs; flrst we ignore It, and then if it is
insistent, we éct!Qely avold 1t (Stent, 1972).

The mental procéss in the right hemisphere, cut off in this way from
the left hemisphere consciousness which is dlrécting overt behavior, may
nevertheless continue a 1ife of its own. The'memory of the situation,;the
emotional-concohmitants, and the frustrated plan of action all may persist,
affecting subsequent perception -and forming the basis for expectations and
evaluations of.future input.

But active irhibition arising from conflicting goals is not the onl*
way to account for a lack of communication between the two hemispheres, and
a consequent-d!vefgence of consélousness. In the simplest case, because
of their special modes of organization and special areas df competence, the
knowledge which one hemlsphere possesses.may not translate well into the
‘Yanguage of the other. For e*ample, the experience of attending a symphony
concert is not réadily expressed in words, and the concept "'"Democracy
.requires informed participation' is hard to convey in images. What may be
transmitted in such cases may be the conclusion as to action, and not the
details on which the evaluation was based. It is possible to convey some
of the richness of the holistic consciousness in words, but it requires a
great artist.

%, Neo-Phrenology:

It is not clear to what extent specific cognitive performances can be
said to depend on spec!fit areas of the cerebrum, beyond the gross

distinction between left and right hemispheres. Without going too far in

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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the dlrection of asslgning ''centers' to each‘mental.qunllty In the manner
of the phrenologists, there seems to be some evidence for within-hemlisphere
locallzation. For'example, Milner (1965b) has correlated disorders in
specific kinds of language processing with lesions in specific areas of the
4left hemisphere; verbal memory deficits with anterior temporal.les!ons,
speech deficits with posterior temporal lesions, fluency deflicits with
frontal lesions and reading deficits with lesions in the région of the
parleto-occipital junction.

The difficulties inherent in “localizing" complex functions are
exemplified in the conflicting'literature on the lateralization of
arlthmetlc calculation. Luria finds "prlmafy acalculia' or primary
arlthmetical disturbances with lesions of the left infero-parietal lobe
(Lurta, 1966), but Kinsbourne finds no systematic lateralization for
arithmetic (1972). | | |

The problem is complex, according to Critchley (1953) because
calculation may entajl more than one type of mentation and different people
seem to employ different methods. Lesions in different areas would be
expected to produce dyscalculla insofar as a person depended on the use of
specific visual symbols or notation, or on rote memory (e.g. multiplication
tables) or on an ideokinetic factor based on concrete manipulation such as
;ounf!ng on fingers; The horizontal and vertical arrangement of numbers to
represent units, tens, hundreds, etc., depends\on spatial and
constructional factors. Vivid imagery for numerical forms and sequences
may be important to some peoplé (Hﬁmphrey and Zangwill, 1952). Critchley

concludes, '""Nonetheless, there are certain tyulnerable' reglons of the

Approved For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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brain, wherein a lesion is more apt to be followed by a severe dyscalculia
bearing certain clinical hallmarks. Thus disease of the dominant left
hemisphere Is more often followed by sevefe dlsbrders of calculatian."
(Critchley, 1953).

5. Evidence for Lateral Specialization In Normal People:

Some cautlion should be exercised In making the Inference of lateral
. speclalization of cognitive function in normal people from lesion studies

alone. One might consider whether the 'split’ functions are due in some

% part to the radical surgery, of t6 the other disturbances in these
patients., The st;dy of neurological disorders or surgical preparations
cast light on normal functioning, but the most-iméortant'and most practical
questlon Is whether the normél bral%, engaged in everyday activities Is
organized around lateralization of cogniflve function. |

Recent research with normal sﬁbjects provides support for the .'
inference that the intact brain does in fact make use of lateral
specialization. With normal subjects.lFilbéy and Gazzaniga have measured
the time requ}red for information presented to one hemisphere to be acted
'upon by the other. A verbal reaction to information presented to the non-
verbal right hemisphere took longer than a non-verbal response. (Fiibey
and Gazzaniga, 1969) . McKeever found faster tachistoscoplc word
recognitioﬁ‘fOr ‘words projected to the left hemisphere than to the right
(McKeever and Huling, 1970). In dichotic listening tasks, normal subjects
have better recall for verbal material presented to the right than to the

left ear and better recall for melodies presented to the left. (Kimura,

1961).

Approved‘ For Release 2003/04/18 : CIA-RDP96-00791R000200040004-9
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Other léboratorles have used électrophysiological technliques guch as
evoked potentlals and DC potentials. Buchsbaum recorded averaged visual
evoked poténtlafs from the left and right occipital afeas in response to
words and geometric stimuli (Buchsbaum and Fedio, 1969). The responses to
these two'classes of stimuli were the same in the right hemisphere, but
different in the left hemisphere. Wood et al.(1971) found similar results
with auditory stimuli; subjects listened to verbal stlﬁull under two
conditions; to process them for speech cues (stop consonants) and for non-
speech cues (pltch). The evoked responses were the same In the right
‘hemlsphere, but different in the left hgmlsphere.

Morrell and Salamy (1971) reported that evoked poteﬁtials to speech
sounds weré larger in the left hemisphére leads than in the right, and |
Vella et al. (1972) reported that responses io complex visual forms were
larger In tﬁe right. McAdam and whi taker recorded DC potentials over the
left and right.fronto-temporal areas. Just before subjects spoke, a
negative shift appeared, more pronounced onithe left than on the right. No
sh1ft was seen preceding non-ve;bal vocal tract activities (voluntary
coughing, spitting) (McAdam and Whitaker, 1971) .

in the past three years we have applied EEC methods to the study of
this lateral specialization in normal people. By studying EEG asymmetry we
were able to distinguish the two cognltive modes as they occur in normal
subjects using simple scalp recording (Galin and Ornstein, 1972) . In
brief, we examined the EEGs of subjects performing verbal and spatial tasks

to determine whether there were differences in activity between the

appropriate and inappropriate hemi{spheres. We recorded from the temporal
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and parietal areas slnce clinlco-anatomical evidence Indicates that these
areas should be differently engaged In thése tasks., We Found that durlng_
verbal tasks the Integrated whole-band power In the left hemisphere 1s less
than that In the right, and during spatial tasks the Integrated power in
the right hemisphere is less than in the left. Most pf the task-dependent
astmetry appeared to be In the alpha band. Our method of analyzing the
ratioﬁ of right to left EEG power was adopted by McKee, Humphrey and McAdam
(1973) in a study contrasting musical and verbal processing. They confirm
our general finding that the ratio is higher in the verbal tasks compared
to the non-verbal task.

Table 1 summarizes some of the resﬁ\ts from two of our experiments.
The average alpha ratios (right/left) were computed for temporal, parietal,
and central recordings during verba! and spatial tasks intended to engage
primarily the left or the right hemisphere. Spatial tasks included building
geometric designs from memory with blpcks, mirror drawing and a mental Form
Board task. Verbal tasks Included composing a letter mentally and in
writing, and memorizing and writing the maln facts froﬁ a text passage. The
task pairs which were selected differ in their requirement for motor
output, and for memory. The attentlon-to-breathing task was Included as a
“heutral' non-cognitive condition. (For further details of the methods and
results of Experiment 1, see Galin and Ornstein, 1972,vDoyle, Ornstein and

Galln,"973)n
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TABLE | Inter- and Intra-hemispheric Specializatlion for Cognitive Mode:

Differences between Electrode Locations - Alpha ratios*

Experiment.l

Motor tasks Mental tasks "Non-cognlitive"
Written 'Form Mental Attention
N=10 Blocks Letter p Board Letter p  to-Breath
PL/P3 0.97 - 1.09 .0l 0.81 0.98 ns 0.94
Th/T3 0.68 1.06 .01  0.79 1.06 .05 0.87
Experiment ||
Memory tasks Non-memory tasks "Non-cognitive'
Write
from Mirror Text Attention
N=135 Blocks Memory P Drawing Copyihg p to-Breath
P4/P3 0.99 1.19 .0003 1.01 1.07 .ok 1.20
Th/T3  0.77 1.12 .00003 0.75 0.95 .000%  0.88
ch/C3 0.79 1.17 .0003 0.83 1.03 .0006° 0.97

* Geometric means over all subjects of EEG power ratios (right/left)
LR Significénce'of differences tested by Wilcoxon Matched-Pair Signed-Ranks Test,

all P values two-tailed, ns = .05.
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Fig. 1 shows a‘éample from the EEG from one subjctt during the Blocks
and Written Letter tasks. Fig. 2 shows the results of frequency spectrum

analysis of the EEG from which Fig. 1 was taken.

[ SP Y ettt udthaladeadue ki

The second experiment confirms the main effect found in the first;
higher ratlos are found during verbal tasks than during spatial tasks. All
three lead paifs show the task-dependept asymmetry in both comparisons
(Blocks vs. Write-fromFMemory; and Text Copying vs. Mirror Drawing).

There are systematic differences between the leads. The parietal
leads, in all comparisons, in both experiments, exhibit the least task-
dependent asymmetry, i.e. the difference in alpha ratio on the verbal task
and the spatial task is smaller on the parietal leads than on the temporal
and central leads. The temporal and central leads appear to behave
siﬁilarly in this respect.

The Attention-to-Breath task most closely approximates the conditions
under which clinfcal EEGs are recordéd; i.e..little information processing,
passive, unstrﬁctured. Clinical EEG texts generally stafe that alpﬁa
amplitude is normally higher on the right than the left. We find this to
be so for the parietal leads, but consistently reversed for the temporal
leads. Table 1 shows the results from the Breathing task of Experiment
1t. Most subjeéts have predominant right parietél alpha and predominant
left temporal alpha. The central leéds show an equal distribution. This

reversal between parietal and temporal alpha predominance can also be seen
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during the actlve cognitive tasks. (Tablg 1, all tasks except Mental

Letter)

TABLE 11 |

Differences BetWeen electere locations in ''resting' alpha asymmetry
Parietal Temporal Central

Higher Right Alpha 27 9 16

Higher Left Alpha 6 24 15

The fuﬁctlonal sighiflcance of this reversal of asymmetry Is not yet
clear, But it precludes classifylng a person simply as ""right dominant' or
"left dominant''; intrahemispheric speciélization must be taken {nto
account. |

Previous investigators have sought to relate electrophysiological
recordings to cognitive functions. A major effort has been devoted to
relating the EEG to "intelligence" (see review by Vogel, et al;, 1968) .

Our approach to this problem takes into account three factors which seem to
have been neglected in the past:

1. Recording while the subject is engaged in a task, rather than
trylng to relate a'"résting” EEG or averaged evoked potential to subseﬁuent
perforhance.

2. Selection of cognitive tasks which clinical evidence has shown to
depend more on one hemisphere than the other, and which therefore should be
associated wifh a predictable distribution of brain activity.

3. Selection of electrode placements on clinico-anatomical grounds. A

wealth of evidence suggests that temporal and parietal leads should be the
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most functional}y asymmetrical, and occiplital leads the most similar,
Unfqrtunate\y,Aoccipltal leads have been used most often In the past,
probably because they are not as sensitive to- eye mévcment and muscle
artifacts. Usually recordings have been made only unllaterally.

Now that we have established a method for detefminfng lateralization
of cognitive function in normal.Ss, several major areas of concern can be
studied: the generality of lateral speciallzation of cognitiQe function in
the population, the role of‘lateral specialization In critical academic
skills, the effect of social drugs on hemispheric interaction, and the
possibility of training voluntary control over patterns of lateral
asymmetry using the feedback EEG.

6. Lateralization in Left Handed and. Ambidexterous People: .

The laterallization of cognitive Functions described above Is
characterlstic of_right handed people. The cerebral lateralization of left
handed people Is more complex. Hecaen (1964,1971) has provided an
extensive review of the neurological literature and.a shmmary of his own
clinical studies, and concluded that left handers show a greater cerebral
ambi-laterality, not only for lTanguage, but also for gnosic'and praxic
functions. Hecaen distinguishes between left handedness which is familial

~and that whicﬁ follows a perinatal injury to the left hemisphere. The
familial type may or may not have reversed language lateralizétion.

These conclusions were generally confirmed by Satz et al. (1967) in a
study of a neurologically normal population. They used the dichotic

listening test to assess language lateralization and carefully tested
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manual superlofjfy rathéf'than felying on the subjects' self-classification
as to handedness. | .

Following the hypothesis of Orton that stuttering and dyslexia can be

due to poorly establfshed cerebral specialization, many studies have found

“high Incidences of left handers and ambidexterous people meng these
clintcal gr0up§. Hécaen (1964) concludes that while no convincing direct
relation has been demonstrated, "disorders of laterality can play a part In
a certaln number of these cases.'

The nature of these '"disorders of laterality" is not clear.‘fo our
knowledge there have been no attempts to quantitatively evaluate the
interaction between the verbal-analyticxand spatial-holistic cognitive
systems in normal daily activities. Our opinfon is that in ﬁany ordinarx
activities normal people simply alternate between cognitive modes rather
than !ntegrating.them. These modes compllmént each other but do not
reédily substitute for each other. Although it is possible to process
complex spatial relationships in words, It would seem much more efficient
to use §Isual~kinesthetic images. For example, consider what most péople
do when asked to describe a spiral staircase; they begin using words, but
quickly fall back on gesturing with a finger.

Processing in the inappropriate cognitive system may nét only be
inefficient; it may actually interfere with processing in the appropriate
system. This 'interference hypothesis' Is supported by a study of left-
handed subjects who were presumed to have bilateral language representation
‘(Levy, 1969). Levy compared left-handed and right-handed subjects with

equal WAIS verbal scores and found that the left handers had significantly
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lower performance scores, which she attributed to interference froﬁ the
presumed'ambiiaterallty of language. Her observation has been confirmed by
Miller (1971). Similarly, In a group of patients in whom right-hemisphere
language was demonstrated with carotid amytal, Lansde11(1969) found a
negative correlation between language ability and spatial performance
scores. Bro§k5 (1970) presents additional support for the hypotheslis of
"{nterhemispheric interference'. Réadlng a description of sgatial
relations interferes with the subsequentMggntpulation of those spatial
relatlons. DenHyer and Barrett (1971) d;ﬁonstrated selective loss of
spatial and verbal information in short term memory by means of spatial and
verbal Interpolated tasks. Levy has in fact suggested that verbal and non-
verbal functions evolved in opposite hemlspheres to reduce interference of
one system with the other (Levy, 1969). |

This evidence of Interference between the right aﬁd left cognitive
modes provides a new kind of support for the hypothesis of Orton, that lack
of cerebral lateral specialization plays a major role in dyslexia and
stuttering. This hypothesis has continued to sustain interest, in spite of
.a lack of convincing direct evidence. Until recently, the only generally
avallable index of cerebral lateralization was handedness, and people with
little hand preference, or left handers who were "'switched" or those with
mixed hand and eye preference were considered to be "high risk''. The
incidence of such people in‘clinical categorles such as stuttering,
dyslexia, and spééific learning disability is usually found to be higher

than in the normal population.
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Our EEC method for studyling lateralizatlon of cognitive function,
along with the dlchotlc listening test, can provide a much more direct and
presumably more sensitive means_for.lnvestlgat!ng disorders of laterality
than measurés based on hand, eye, or foot'dom!ﬁance. Our present proposal
to extend our measures to left handed and amblde;terous populations wlil
lay the groundwork for these clinical studles.

7. Blofeedback Training for Voluntary Control of EEG Asymmetry:

Our research has demonstrated characteristic patterns of activity and
inactivity for both the verbal and the spatial cognitive modes. [t is
reasonable to suppdse that more selective inhibition and facilitation of
each hemlsphere can lmpr§ve performance. It has been showﬁ in many
laboratories thaf, when subjects are given extéroceptiVe feedback on the
 state of a physiological variable, they can learn control of the variable,
e.g. EEG alpha, heart rate, EMG (Nowlié and Kamiya,‘l970; Budzynski,
Stoyva and Adler, 1970; Hnatiow and Lang, 1965). For example, 0'Malley and
Conners (1972)_héve reported a pilot case of a dyslexic boy who was given
lateralfzed.alphé feedback training, and showed significant changes in EEG
asymmetry. Therefore, with the aid of feedback from our-
electrophysiological index of cognitive mode, subjects may be able to learn
to reduce the interference between heﬁispheres, and thereby improve
cognitive performanée.

8. Implications for Education:

Qur EEG and eye movement studies (Kocel et al., 1972; Galin & Ornstein,
1973) provide potential methods of assessing an individual's preferred

cognitive mode. An individual's preferred cognitive style may facilitate
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his learning of one type of sdbject matter, e.g., spatlal, relational, and
hamper the learnlng of another type, e.g., verbal analytical. A student's
difficulty with one part of a curriculum may arise from his fnab!lity to
change to the cognitive mode appropriate to the work he.ls doing.

Studles by Cohen (1969), Marsh.gg_gl, (1970), and by Bogen et al.
(1972), have indicated that subcultures within the United States aré
characterized by a predominant cognitive mode: the middle class is likely
to use the verbal-analytic mode; the urban poor is more likely to use the
spatial-holistic mode. This results in a cultural conflict of cognitive
style and may In part explaln ihe difficulties of the urban poor children
In the school system oriented toward the middle class. There seems to be a

new recognition among educators of xhe'importance of both modes of

experiencing thé world (J. Bruner, Qﬂ.KnOWngj Essays for the Left Hand,

1965). Many new programs (e.g., Sesame Street) emphasize helping verbal-
analytically oriented children to develop holistic mode skills as well as
helping holistically-oriented children to make use of the traditional
verbal-analytic materials. |f our project iIs successful, it may make it
feasible to frain‘an indlv!duai child to enter both cognitive modes
appropriately. With EEG feedback an individual may be able to learn to
sustain a pattern of brain aﬁtivity and the concommitant cognitivevmode
thch Is ahpropriate to reading and arithmetic on the one hand and painting
and construction on the other. |

Our approach may also be of use in the study of cognitive development.
Since brafn injuries before the age of 12 rarely rgsult in permanent

aphasia, it is reasonable to suppose that the laterallzation of cognitive
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function is still in flux in young children after the acquisition of speech
and even after the acquisition of wrltten'language. The maturafion of the
chlld'S'cpgpitive'pdwer may be paralleled by, énd-perhaps even depend upon,
Increaslngflateral specialization with a resulting decrease in interference
between cognltlve systems. 0Our EEG measures of cognitive functlonlng could
be powerful tools for mapping the course of thls growth. These measures
could be used in diagnosing aberrations in cognitive development. For
example, certaln forms of dyslexia may be caused by interhemispheric
Interference. Perhaps ''feedback'’ training to improve selective inhibition

of the inappropriate cognitive mode would prove useful in therapy.
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Figure Legends

Fléure 1. Change in EEG asymmetry during the Blocks and Written Letter
Tasks: P3 = left parletal, Ph = rlght.parietaf, T3 = left
‘te5poral, Ty = fight temporal. The ratio of power in homolo-
gous.!eads Th/T3 and'P,.'/P3 is greater on the spatial task
than on the verbal task.

"Reprinted from Galin and Ornstein, 1972."

Figure 2. Sampie Fourier power spectra for Blocks and Written Letter
tasks. For each.lead EEG power is plotted versus fréquency
in 1 Hz intervals from 1-29 Hz; the last point on each plot
Is an average for frequencies 30-64 Hz. The ordinéte is
scaled in arbitrary units in which a 10 Hz sine wave of 80
microvolts p-p corresponds to 80,000 units. The ratio of
alpha-band pdwer from homologogs leads T“/T3 and P,,/P3 is
greater on the Blocks task than on thg Written Letter task.
Thesé spectra correspond to the sample EEG tracinQS shown
|n.Figure 1.

"Reprinted from Doyle, Ornstein and Galin, 1973."
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