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A B S T R A C T

The p ast a c c o mp l i s h me n t s , in the  investigation s of
• the human electroencephalogra m , of the Naval

Postg raduate School are reviewe~ . Experimenta l
• methods necessary for the location , analysis , and

display of data pertinent to the preferred freqi-~ncies

of in dividuals involved in a task are d is cuss e d .
Biofeedback is investigated and its possible effect o~
the electroencephalogram is presented. Correlation
betwe.~n signals of various cortical locations is

discussed. An electroencephalogran response signatur e

in the preferred frequency reg ion of ‘0-95 Hz is

presented.
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I. INTRODUCTION

Man has r n a n a g e d  to p r o d u c e  c o m p l e x  s y s t e m s .  He has  been
the originator of though ts which have yet to be imp lem€ nt~~~.

History is a compila tion of challenges and thresholds which

have been enco untered , explored , and exploited by mankin d.

The Bioeng ineeriri g Team , under the tu telage of Pro fes~~ r

George Marmont , has been engaged in the research of the

greatest unknown of all, the human brain.

A. B I O E N G I N E E R I N G  EEG R E S E A R C H

C o n t i n u in g  r e sea rch, in t h e  f i e l d  of  h u m a n
e l e c t r o e n c e p h a l o g r a m  (EE ~~) a n a l y s i s, has  been cor ~Ju c t e i by
the  B i o en g i nee r i n g  T e a m  at t h e  N a v a l  P o st g r a du a t .~ School
since 1972. The main thrust of our efforts has been in the

d i r ec t ion  of deve lop ing some cor re l a t ion  b e t w e e n  sub j~~.:t

tasking activities and resultant characte:istic or preferred

fr e q u e n c ie s .  I n s e p a r a b l e  f r o m  this project development is

the u t i l i z a t i o n  of s t a t e — o f — t h e — a r t  e l ec t ron ics  f o r  t a s k i n g
systems implementa tion as well as the creation of

sophisticated compu ter programs to permit timely data

collection and analysis. As an aid , computer modeling has

provided us with an insight into the complexities of

neuronal circuitry . Despite the vast amount of information

collec ted from the central nervous system (CNS) of man and

labora tory animals , funda m ental guestions of how t h e  CNS

func tions are still mostly theory and guesswork .

The ultimate goal is to resolve the myriad of electrical

11
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signals present in the brain into meaningful information ,

r e n d e r i n g  it ava i l ab l e  fo r  appl ica t ion  in  a k n o w l e d g a b l e

form to be utilized in a great many fields. Individuals

could be examined for their trainability in areas requiring

certain types of mental and/or physical activity.

Biofeedback system s could be developed w h i c h  w o u l d  enable

individuals to maintain a required state of alertness.

Stress and fatigue moni tors could provide critical

information on an individual’ s ability to perfor m his

assigned task in an acceptable manner. Preventa tive and

correctional medical technigues would be vastly improved .

3. OBJECTIVES AND CONTRIBUTIONS OF THE AUTHOR

It is the intent of this research to examine task

re la ted p re f e r r ed  f r equenc i e s .  Past  resu l t s  in t h i s  area
wi l l  be critically examined. When thought to be necessary,

new data will be collected to assuage a n y  doubt  as to the
f i n d i ngs . Fur the r  i n v e s t i g a t i o n  wil l  be conducted  in to  the
cortical locations at wh i c h , t a sk i n g e v o k e s r esponses, and
the preferred frequencies of the evoked signals. Analysis

of data will be perforned in de termination of the effect

biofeedback has upon task performance. Determina tion of t h e

presence or absenc e of a task related response signature ,

under varying task conditions, will be made. Re search

results will be presented in an effort to relate d i f f e r en t

cort ical  areas  to the  response s i gna tu re .  Response
s igna tu r e charac te r i s t i cs  wi l l  be d e f i n e d  in an e f f o r t  to
f u r t h e r  i m p r o v e  the  data collection, d i s p l a y ,  and an~ lysis
t e c h n iqu e s .

The a u thor  has s tudied t h e  data r e su l t s  f r o m  ea r l ier
res earch and has made  a s i g n i f i c a n t  c o n t r i b u t i o n  t h r o u g h  the
de ta il e1  ana lys i s  of r e c e n t l y  collected d a t a .  T h e  r e su l t s

12
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of t ho rough  BEG ana lys i s  have assisted in the  d e v e l o p m e n t
and modi f i ca t ion  of computer analysis routines. The author

developed a computer  model of the  “R e v e r b e r at i n g  C i r c u i t” ,

4 
which  has a l ready been presented in Re fe r ence  7. As the
p r i m a r y  subject  for  recent  i nv e s t i g a t i o n s, the  a u t h o r  has
been the source of i n f o r m a t io n  for  t h e  corre lat icn of
subjec t  response to the resul tant  processed
e lec t roencepha logram s igna l s .

13



II. N E U R O P H Y S I O L O G I C A L  C O N S I D E R A T I O N S

A. ELECTRICAL A C T I V I T Y  OF THE B R A I N

The developmen t of ce l lu la r  m e mb r a n e  po ten t ia ls  p rovUes
the foundation for electrical activity in the  b r a i n . The
fluids within and outside of the cells of the cody are

e lec t ro ly t i c  solut ions. T h e  so lu t ion  o u t s i d e  t h e  cell is

rich in sod ium ions and  the so lu t ion  i n s i d e  the  cel l  is rich
in pota ss ium ions. At rest , a ve ry  small  e lectr ical
p o t e n t i a l  exists. T h e  po ten t i a l  t h e n  r a p i d l y  drops
(re versal  po ten t i a l )  because of a r ap id  o u t f l o w  of sod ium

and i n f l o w  of po tass ium t h r o u g h  t h e  m e m b r a n e .  The res t ing
potential is approximately —60 to —80 millivolts (my) . If

t he  e lect r ical  and/or  o smot i c  ba l ance  of t h e  n e r ve  cell is
s u f f i c i e n t l y  d i s tu rbed , an action potential of about +50 mV

is generated. Sodium ions are transported into the cell

while potassii~m ions are transported out of the cell.

The initiation of an act ion p o ten t i a l  is d e p e n d e n t  up on
the  a b i l i t y  to raise the  e x c i t a t o r y  p o s t z yn a p t i c  p o te nt i a l

(EPSP)  to th reshold  p o t e n t i a l  w h i c h  lies 10— 20 nil  above the

r es t ing  po ten t ia l .  N o r m a l l y ,  a spat ial or tc~npora l
s u m m a t i o n  of E PSP ’ s is necessary for t h e  i n i t i a t i o n  of an
action po ten t i a l  a t  the  a x o n  h i l lock  of the  neuron .

1. The Neuron

The neuron  or  ne rve  cell is t h e  p r i m a r y  u n i t  of the

14



vast network of the brain. From sensors, to processors, to

the  motor  unit , signals race t h r o u g h  nerve  f i b e r s  at
velocities r a n g i n g  f rom 0 .6  to 120 in/s [R e f .  9] .  Tn e  neuron
rests in a plasma m e m b r a n e  w h i c h  is b e t w e e n  50 a n d  130
angs t roms  t h i ck .  The soma of the  neuron  is a p p r o x im a t e l y 20
microns across. Axo n length ranges from 50 ~nicrons to a

meter , and axon d i ame te r  var ies  f r o m  1—10 m t c r o n s .  he
neuronal population is a matter for  som e specu la t i on  and
varies f r o m  sourc e to source .  2 .5  cubic mm o~ th e  ce rebra l
cortex might contain as many as 60,000 neurons CRef. 12].

Inpu t s  to the  n e u r o n  may  occur at m a n y  l o c a t i o n s  on
its su r f ace , but t h e  p r i m a r y  loca t ions  are  on t h e  d e n d r i t e s .
The de n d r i tes  bra nch to f o r m  dend r i t i c  t rees.  T h e r e  can ~~
in p u t s  f r o m  2000— 4 000  cells to one  n e u r o n . The o u t p u t  of
the  neuron , called an ac t ion  p o t e n t i a l , t r ave l s  a w a y  f r o m
the  n e u r o n  a long  a “transmission line” called the axon . Tne

action potential starts at the axon hillock . The action

p o t e n t i a l  f r cm  th is  one n e u r o n  may  be t r a n s m i t t e d  t o  as sany
as 600 o ther  neu rons  [ R e f .  12] .

The connect ion  b e t w e e n  one n e u r o n  and a n o t h e r  is
called a synapse. ifl the 2.5 cubic mm mentioned above ,

the re can be 3 b i l l ion synapses .  The p r e s y n a p t i c  t er ~~in al
con ta in s  vesicles which  a r e  the  s y n a p t i c  t r a n s m i t t e r s .  The
p r e s y n a p t i c  t e r m i n a l e m i t s  e i t he r  an e x c i t a t o r y  or an
in h i b i t o r y  t r a n s m i t t e r  i n to  t h e  s y n a p t i c  c l e f t .  w h e n  an
e x c i t a t o r y  t r a n s m i t t e r  is released i n t o  the  s yn a j ~se ,
permeability changes r e su l t  in decreased e lec t r ical
potentials or depolariza tion. The result is called an

excitatory postsy naptic poten tial. Hyperpolarization is

caused by the release of inhibi tory transmitters into the

synapse .  W e  r e fe r  to t h i s  c h a n g e  in p ot e n t ia l  as an
inhibitory postsynaptic potential.

The descri p t ion  of i n d i v i d u a l  neurons  as t h ~

15



elementary level of electrical excitation must naturally he

followed by an attempt to explain the summation of

approximately 7 billion such units in the cerebral cortex.

The r e s u l t a n t  signals are  only partially understood. We

know tha t  ind iv idua l  n e u r o n  action potent ia ls  canno t  be
detected at the scalp. It seeazs likely that signals related

to a task objective would be the result of the si m u l t aneous
activity of large numbers of neurons within the cortex.

B. M E M O R Y

Gu y t o n  has classified memory as f o l l o w s  [ R e f .  (4 ] :

* Sensory

* Short—term or primary

* L o n g — t e r m

• Secondary

• T e r t i a r y

Sensory memory  is the  f o u n d a t i o n  of the memory process.

The re is a sen so ry co l lection , ei t he r  c o n s c iou s ly  or
subconsciously, from our surroundings. These signals may be

processed in any number of ways. Four possibili tiec are:

1) not processed as perceptual signals (discarded), 2)
retained for  s h o r t — t e r m  memory ,  3) retained for s h o r t — t e r m
and t r a n s f e r r e d  to l o n g — t e r m  m e m o r y ,  ( 4 )  r e t ai ned  for
long—term memory.

S h o r t — t e r m  m e m o r y  r e f e r s  to those  si gna l s  w h i c h  can be
recalled for some function over a period lasting from a few

seconds to 30 m i n u t e s  or m o r e .  One of t he  metho d s b7 ~b ich
sh o r t — t e r m  memory m i o h t  be es tabl i shed is based  on the
“R e v e r b e r a t i n g  Circui t  T h e o r y ” . A n area excited b y  t he

16
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tetanic stimulation of a neuron continues to emit rhy t hu i c
action potentials until the synaptic transmitters exhaust

themselves.

Funct ions  can be reproduced  or called from l o n g - t e r m
memory for periods from a few hours to a life time . The

duration of recall is dependent upon the length and s t r e n g t h
of the  t r a in ing  or “ f i x a t i o n ” period.  c~e migh t  expec t  t h a t
th rough  repet i t ion a s h o r t — t e r m  r e v e r b e r a t i n g  c i rcu i t
becomes altered to such an  ex ten t  t h a t  a l o n g — t e r m  c i r cu i t
becomes established. C i r cu i t  a l t e r a t ion  mi ght occur  in the
fo rm of physiologica l c h a n g e s  in:

1. the number of presynaptic terminals ,

2. the sizes of the terminals ,

3. the chemical concentrations of the synaptic

t r a n sm i  t ters ,

U.  t he  p e r m e a b i l i t y  ot the  po st synap t i c  t e r m i na l s ,

5. the  chemica l react ions  at the  synapse .

C. CONTR O L CF M OTOR F U N C T I O N S

Since the task performed by our sub jec t s  in  t h e  E ?G
research is a skilled motor function , it is important to

h a v e  some apprecia t ion of the  m e c h a n i s m  by w h i c h  task
ac~ om p l i sh m e n t  is achieved .  The  s u b j e c t  w i s  seated with a

control stick in his right hand. The stick governe3 the

position of a dot on a CR0. The dot was perturbed both in

magnitud e and direction in a pse udo random manner . The

sub jec t  was r e ju i r ed  to react  to t h e  dot d i sF i ac e i n e n t  by
b r i n g i ng  it back to  scope cen te r  w i th  his control  s t ic~c ~s
gu i c k l y  as possible. I t  r e yu i r e d  a h i g h  degree of  eye  and

17
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hand coordination. The eye perceived a moving target and

the hand reacted to null or return the displaced target to

its rest ing level. The t a sk  requ i res :

* visual acquisition ,

* signal processing of sensory inputs ,

* c o m m a n d  s ignals  to ske le ta l  m u s c u l a t u r e ,

* f eedback  and compara to r  s igna ls  f o r  task
accomplishment.

The visual processing center has different channels for

pa t t e rn  and motion pe rcep t ion .  We were not i n t e res ted  in
pa t t e rn  r eccgni t ion .  Bu t  wha t  of mot ion de tec t i on?
Direct ion sens i t ive  neural circuitry is one of the most

acceptable explanations [Ref. 10]. This would complement

our  theor ies  regard ing  m e m o r y .  Spec i f ic  c i rcui ts  acc l imate
t h e m s elves  to a g iv en di r ect ion in much the same :nanner as

we saw in long— term memory. These circuits lie in zne

lateral geniculate body as well as the visual cortex .

Reference 8 amplifies on direction sensitive circuitry and

t h e  phe n o m e n o n  of l a t e r a l  i n h i b i t i o n .  As an i n d i v i d u a l
becomes accustomed to the detection of certain types of

target movement , we say that he has become trained. In o~ r

task , the trained subject has the knowledge of what target

to expect. He also knows from where he can expect it to

appear. This allows the. subject to detect the motion more

quickly. It is also quite probable that the motor regions

of the cortex will react accurately and more q u i c k l y  w i th
less and less visual sensory information as training

progresses. This is accomplished by an extrapolation or

fabrica tion process in the visual processing areas [Ref.

10]. The sensory signal has progressed from the eyeball ,

alo ng t h e  op t ic  n e r v e s  to t h e  ch iasm a n d  t h e n  r a d i a t e s  to
the pretectal nuclei of the brain stem as well, as to the

lateral geniculate body and the occipital regions of tie

18
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cortex. Knowledge of signal propagation characteristics

within the brain is critical to the correct placement of

electrodes and subsequent data analysis . The task related

preferred frequencies pertain to motor control signal

processing of the cerebral cortex. Selection of the proper

frequency ranges assures us of collecting only those

electr ical sig nals which  are desired.  Visual assoc ia t ion
areas ( main ly  p y r a m i d a l  cells) spread out f r o m  the  p r i m a r y
visua l cortex to cover wha t is known as the occipital lobe.

The primary visual cortex (striate cortex) is believed to

contain 10% of all the cortical neurons (mainly stellate

cells) despite the fact that its surface area is only 3;~ of

the cerebral surface [Ref. 12). The result of extensive

transmissio n is that we may record motor related visua l

• processing signals. Since the task initiates a visual

evoked response (VER) , in addition to the task related

response in the motor cortex , there is a wide spec t ru m of
task related signal processing occurring throughout t h e
cortex.

The in o t o r — p r e m o t o r  a reas  of the f r o n t a l  lobe  are
characterized by the large nunber (25,000—30,000) of g i ait
pyramidal cells [Ref. 12). This reg ion is associated with

skilled mo tor functions; for this reason , it has  been  a
location of interest in previous FEG research. The giant

p y r a m i d a l  ne rve  cells are noted  fo r  the  ver t ical  e x t e n t  of
their dendritic extensions. These cells probably serve as

the sites for some of the most elaborate neuror .al

interactions in the cortex.

1. The Cerebellum

The cerebellum acts as a comparator of the ccmm ands

of the motor cortex and the sensed performance of the parts

of the body . As the motor function is executed , the results

19



are being monitored by the cerebellum. A specific neuronal

circuit, the Purkinje cell c i rcui t, is attributed with the

func t ional capabil i t ies  of a c o m p a r a t o r  n e t w o r k , g at i n g
command  and sensory inputs  to the  ce rebe l lum ( Fig 1) . The
Purkinje cell takes the command from the cerebral cortex via

c l imb ing  f ibers  whil e sensory i n p u t s  go to the g r a n u l e  cell
via mossy a f f e r e n t  f ibe r s .  These f i be r s  b r a n c h  and
sub—branch to terminate at cerebellar synaptic glomeruli . A

glomerulus is a complex synaptic arrangement of mossy fiber ,

g r a n u l a r  cell dendr i tes , te r m i n a l s  of Golgi cell a x o n s , and

often a Golgi cell dendrite. The granule cell sends an

excitatory signal to the Purkinje while the basket cell

sends an i n h i b i t o r y  s ignal .  La te ra l  i n h i b i t i o n  as well  as a
sub t l e  clocking e f f ec t  is ev ident  in  the
g r a n u l e — G o l g i — b a s k e t — P u r k i n j e  c i rcui t .  The l a t e ra l
in h i b i t i o n  f i l t e r s  and focuses  a multitude of s enso ry  i n p u t s
in order  to sha rpen  the  response to the area  d i rec t ly
related wi th  the  sensory i n p u t .  It is at th i s  p o i n t  t h a t
the  P u r k i n j e  ga tes  the  i npu t s  of c o m m a n d  wi th  t h e  sensory
i n p u t s  to an inh i b i t o r y  o u t p u t .  The ce rebe l lum ( P u r k i n - l e )
o u t p u t  si g nal  is subsequen t ly  f o r w a r d e d  to the  m ’asc~i latu re
via the  i n t e rna l  nucle i  :R e f .  4].

2. L~~r fling. ~ ~~jfled Motor F u n c t i o n

As the individual trains himself in the execution of

a skilled moto r function , he “learns”. For a given motor

function , certain neural circuits are utilized repea tedly.

It is q u i t e  pos sible t h a t  n e u r o n a l  changes , leadi ng to
learning , occur at that unit in the circuitry which gates

the command and sensory inputs — the  P u r k i n j e  cell ( Fig 1)

As the changes to the neural circuits, discussed in section

11.3, advance with time and practice , more and more of the

motor functions are directed from the cerebellum in dire- t

— response to the sensory inputs , vita less and less command

_ _



i npu t s  f r o m  the motor  cor t ex , ie. m e m o r y  ( F ig  2) . It

appears that ~ great deal of “thought” goes into a given

motor function. We know from experieoce, however , that many

of our skilled functions occur from other than a conscious

effort. More likely we would call them “instinctive ” , but

this is an inadequate term for the description of what most

probably occurs as a motor function of the cerebellum.
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III. BACKGROUND

A. THE HUMAN ELECTROENCEPHALOGRAM -

The el ec tr o en c e p h a l c g r am  (EEG) is t h e  n eans  by w h i c h
e lect r ic  s ignals  w i t h i n  t h e  b ra in  are detected and measured.

Whe n the  electrical act i .i i t y  reaches t he  scalp it has
d ropped  to a n y t h i n g  between zero and 100 m i c r o v o l t s  { ?e f .
L 4 3 .  The eq ui p m e n t  u t i l i z e d  in detecting, analyzing, and

pr e s e n tin g  t h e  da ta  which  makes up the E E G must  be q u i t e
sensitive. Not o n l y  are  t h e  s igna l s  extremely snail , there
are  so m a n y  s ignals  be ing  processed in so many parts of the

brain that we mus t be careful to pick up only those signals

we want.

The electroencep halogram has been used to detect certain

t ypes  of p s y c h o p a t h i c  a b n o r m a l i t i e s  and dcgrees of c e r eb ra l
activity. Emphas i s  has been placed on the p r e s e n ce  or
a bsence of alpha waves (rhythmic sinusiod s of 8 to 13 ~iz
f requenc y)  . The alpha rhythm is associated with a relative

state of calm inactivity. We have f e l t  t h a t  ir ~v e s t i~~a t ion
of frequencies related to mental and physical activities

might be of more significance.

B. P R E F E R R E D  F R E Q U E N C I E S  F

The CN S ope ra t e s  on the  t r a n s m i s s i o n s  of e l ec t r i ca l
si g n a l s  at various f r e q u e n c i e s .  C e r t a i n  f r e q u e n c y  :ar~ces
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have been categorized as being characteristic of specific

m enta l states.  Jhile  it is expedient to indicate some of

the categories, as described in the  li t e r a t u r e , we wish  to
make  it quite clear that we have found certain categories to -

• be of little use, if not inaccurate. From B to 13 Hz are

the alpha waves. These are found in a r es t ing  or r e laxed
state and show the greatest amplitude in the occipital

region. Beta waves are in the 14—25 Hz range. This

ca tego r y is further divided into beta I and beta II. Beta I

waves  a re  said to be i n h i b i t e d  by m e n t a l  a c t i v i t y  and beta
II waves are reputed to appear only during intense ~a-ental

activity. Beta waves are found primarily in th e  p a r ie tal
and frontal reg ions. The Bioengineering Team has collect~ d

data which leaves little doubt as to the presence of task

• r e l a t ed  ~en tal  a c t i v i t y  ( p r e f e r r e d  f r e~~ue ncies) of g r e a t e r
t h a n 30 ~z f Refs . 3, 7 , a nd  11] .

F r equenc i e s  w h i c h  can be r e l a t e d  to spec i f i c  mental
activ ities have been investigated ov the Team for over fo~ir

years . They have come to be called “preferred ” frequencies.

We have recognized for some time tha t there is an observ able

change in the EEG when going from a relaxed state to a

ski l led  moto r f u n c t i o n  task .  There  h a s  also been so:ne

ind ica t ion  of f r e q u e n c y  change  u n d e r  d i f f e r e n t  t a sk ing
met hods [ R e f .  53 .

C. T E G I J L A R  A N A L Y S I S

Developed by Professor G. Marinont , tegulometric anal ysis

is a hignly sophisticated signal processing routine [Ref.
6 ] .  Because of the low amplitude signals of interest and

the relatively high noise environment in th e nra in ,

t eg u l om e t r i c  f r e q u e n c y  a n a l y s i s  is a p o w e r f u l  tool  fo r  t n e
a na ly s i s  of EEG da t a .  The  t e g u l e  is t h e  r e s u l ta n t  inve r se

25
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Fourier transform from the digitally filtered spectrum of

raw EEG data. The tegule has the appearance of a spindle

shaped envelope defined by a sinusoid of r i s ing  a n d  f a l l i ng
ampl i tudes .  The plots, to be p resented , labeled “ TWO DE T

• 70—9 5 H z ” , sho w the  EEG signals on traces I an d 2. These
traces are  made up of tegules developed by s igna ls  in  the
70 — 95 Hz p r e f e r r e d  f r e q u e n c y  r eg ion .  Fi g ure o is such a
plot with a tegule annotated.

D. BIOFE~DEACK

Biofeedback (BFB) is a stimulus app lied to the subject

• in our EEG research. BFB is generated by the processed EEG

signa l s  of the  sub jec t .  Present research  has u t i l i z e d  a
white light behind a translucent screen as the stimulus. As

see n by the  sub jec t , t h e  BFB appears  as a g lowing  wall  of
ligh~~. It  va r ies  in i n t e n s i t y  f r o m  dark  to a b r i g h t  glow
depending upon the mental activity of the subject. 9FE is

directly related to the task response signature addressed in

th i s  research , and its impac t  on the  sub j ec t ’s p e r f o r m a n c e
wil l  be a nalyzed .

E. TASK B E LA TED R E S P O N S E  S I G N A T U R E

The cross m u l t i p l i c a t i o n  of t w o  t egu lar  E E G  s ignals
results  in a pro d uc t wh ich  is a u s e f ul  i n d i c a t i o n  of
cortical signal correlation. The product of t w o  t - egu l a r
sinusoids is the sum and d i f f e r e n c e  f r equenc i e s .  R e f e r e n c e
11 presents tegular examples of v a r i o u s  f r e q u e n c y  and  pha se
relationships and their resultant prod ucts. The results

- 
- ga ined by Wick lander  and  s u b s e q u e n t  r e sea rch  p r o j ec t s  h a v e

provided us with a background which has led to the presen t
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techniques of synchronous detection. The concept of

tegulometric analysis made possible this “running

crcsscorrelation”. The cross multiplication trace of TWODET

provides us with this capability of s y n c h r o n o u s  de tec t ion .
Recent research work briefly pointed out a r’~lationship

between the task with which the subject was involved and

resultant peaks along the cross multiplication trace. These

product peaks were referred to as the “correlation

response ”. It is this “correlation response” of syncrironous

detection which will be r efe rr ed to a s the  “R e s p o nse
Signature ” throughout this work (Fig 6).

F. MYOG RAM S

The electrical behavior of muscle fiber is very similar

to tha t  of a ne rve  f i b e r . The “ tw i t ch  response ” act ion
pote n t i a l  of ske letal musc le  can ser iously  c o n f u s e  or

completely overwhe lm the normal BEG response. We have found

that such actions as blinking, swallowing, jaw ti ghtenine;

as well as in voluntary muscle spasm , can make large portions

of BEG data at least suspect if not totally useless. Figure

3 illustrates the myogram s from one of our subjects.

The results of every BEG must be c a r e f u l l y  e x a m i n e d  in
order to d e t e r m i n e  the  ex t en t  to w h i c h  m y o g r a m s  hav e
o v e r w h e l m e d  the task re la ted  signa ls in  the  p r e fer r e d
f r e q u e n c y  range  of 70-95 Hz.  Because of the  b r o a d  band
frequency characteristics of this strong pulse-like signal ,

there is no filtering technique presently available to

eliminate these strong pulses. We have been very conscious

of the possible presence of myograms and have made every

effor t to keep this noise from our data.

27
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G. SUBJECT TASKING

In our investigation of preferred freguencies , the

choice of subjects was an extremely important consideration.

We found that the subject must be: (1) capable of
accomplishing the task, (2) enthusiastic , and (3) acle to

provide a noise free BEG pattern .

without task accomplishment , there was l it t l e

consistancy in the results. The subject ’s response was more

stress or crisis related. A trained or t a l e n t e d  s u b je c t
u n a b l e  to enthusiastically participate would display the

al pha r h y t h m s  of a r e l axed  individual. Certain subjects

were  f o u n d  u n s a t i s f a c t o r y  due  to excess ive  m y o g r a n i s .

The task was a r e l a t i v e l y  s imple  op e r a t i o n .  Sea t ed  in a
screened room , the subject controlled the position of a dot

of light seen on an oscilloscope located approximat eiy 1.5

meters in front of him. A control stick , similar to that in

an aircraft , was the mechanism by which the subjert

con t ro l led  t h e  dot . The t a sk ing  s u b s y s t e m  was Thv~ l o p ? d
last year  and has  been used for  mos t of t h e  BEG r u n s  since
t h e n (R e f s .  1 and 7] .

I i
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Iv. ~~~~~~~~~ ~~~~ ~1

A. ELECTRODES AND HELMET

The Team has continued to use the speciall y rn ounte-1

Beck man  s i lver  electrodes.  A p las t i c  r e t a i n e r  c o n t a i n s  the
e lec t rode  a nd the  scalp con tac t , “S uca — b l oc ” ( Fig 4) . The

r e t a i n e r  ensures  f i r m  contact  be tween  the  e lec t rode  a n i  the
“S uca — bloc ” . 4 h i l e  not in use , t h e  elect r ode a r :a n ge~n e n t  is
suspended above a 0 .15  molar sodium chloride solution with

the scalp contact immersed. rhe effect is that we have an

assembly which behaves as a s i lver/ s i lver  ch lo r ide
electrode. To ensure ootmi um scalp to elect ci-~ contact ,

electrode paste, consisting of gelatinous sodium chiorile ,

is app lied to tne scalp contact just before electrode

placement.

Posit i o n i n g  t h e  e lectrodes  w i t h  some degree -of  a ccu racy
upon the scalp is easily, achieved by using the helmet

constructed by the Bioengineering Tea m ERef. ‘3~~. The

plastic electrode retainer , which is threaded , is screwed

into one of 17 plastic disks about the helmet ( Fig 5).

Each disk has four positions into which the electrole

retainer may be located . Each disk may also ne rotated

within itS helme t position. There is virtually no loca”-ion

on t h e  scalp which  cannot  be con tac ted .

B. THE D I G I T A L  CO~I P U T E R  A N D  A N A L O G  D A T A  C O N D I T I O N I N G
P E R I P H E P A LS
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We have used the PDP 11/L$ O and associated peripherals

for the necessary data manipulation of BEG signals and the

tasking peripheral indicator. Reference 2 provides detailed

description cf the data conditioning peripherals.

1. 
~~2h~ ~h~nn~~ Preamplifier: The

preamplification of the raw EEG signals is accomplished

at this point . Two amplification stages provide a

comm cn mode rejection ratio of 71.06 dB . The

preamplifier generates a gain of 3850.

2. Anti—aliasing ~~~~~~~ Four pole Buttetworth filters

a re used. Fi l ter  response has been set 3 dE down -at

256 Hz and 2~$ .5  dB do wn at 512 Hz.  A ga in  of
approximately 10,000 is achieved across the

preamplifier and filter stages . The gain from the two

filter stages is 2.57.

3. An~ l~~ ~o n i~ i~~ in~ Element jACEL: Analog to li~ ital

conversion of the preamplified and filtered B~ G signals

is performed by the ACE. In order to avoid phase delay

be tween  the  e igh t  c h a n n e l s , the y are all s a m p l e d  a t
once. The sampling rate is varied , as required , to

a f f o r d the  bandwidth of BEG data desired.

C. TASK RELATED PERIPHERALS

The subject is tasked by this peripher al sys~ em .

References 1 and 7 provide  de ta i l ed  i n f o r m a t i o n  r e g a r d i n g
t h e  components of this subsystem.

The tasking peri pherals provide us with the ability to

reproduc e at wili a number of variable tasks. T h e  su Dj~ ct
is seated in a screened roo m wi th  a con t ro l  st i~~k iii his
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right hand and has a CR0 display directly in front of him.

The tasking subsystem generates a dot on the CR0 which is

perturbed in a pseudo—random manner. The rate of

perturbation or dot displacement is controllable as is the

magnitude of the displacement. In order to obtain about 35

• perturbances per 100 s we would establish a slow clock rate

of 1.5 Hz on the pseudo—rando ni pulse module. A fast clock

setting of 2.8 Hz will result in approximately 65 CR0 dot

displacements per 100 s to which the subject must react. A

higher clock rate implies a more difficult task. In order

to maintai n a slower clock for ease of data analysis , while

providing a task with a high degree of difficulty, we simply

reverse the roll and pitch inputs to the CR0. 4ith a

reversed stick control , when you pull back on the stick the

dot rolls sideways , and when you push the stick to the side ,

the CEO dot pitches up or down. The tasking subsystem is

niultivariable and reproducible.

The Performance Indicator Module has supplied us with

the ability to accurately measure a subject’s abilit-i to

pe r fo r m the task. When the CR0 dot was displice~., a task

initi~ tion mark was generated in order to mark the start of

a task. The amplitude of the dot displac9ment was also

recorded . The task i n i t i a t i o n  m a r k  and  su b s e q u e n t
d isplace m e n t  a m p l i t u d e  w e r e  i n p u t s  to our real t i m e  si gnal

process ing program (TWODET) as a “ p e r f o r m a n c e  indicator ”.

This was monitored on th~ display as seen in Fi~ 5.

D. THE BIOFEEDbACK PERIPHERAL

Feedback voltage , from the integrated cross

multiplication product of TWODET , is amplified and

transmitted to the light behind the translucent screen. The

BFB light receives updated voltage levels every ‘3.25 s.

3L 4
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V. EXPERI~4ENTAL PROCEDURE

A. PRELIIIINABIES

Approximately one hour is required to check t h e  research
related equipmen t and place the electrodes. The :eason for

this ulti m ately ce n te r~ d on our desire  to a c h i e v e  and
m a i n ta in  the  lowest  noise levels possible .

We had to i n s u r e  t h a t  t h e  p i t ch  and ro l l  control
vo l t ages  remained  a c o n s t a n t .  Any  f l u c t u a t i o n s  in t h i s
would have resulted in uncontrollable degrees of difficulty

for the subject. CR0 dot alignment at the control stick

insured that , no matter what the magnitude of dot

displacement , the subject would not lose the dot off of the

CR0. Another control over the degree of difficulty was our

ca r ef ul set tin g of the tasking subsystem clock. This was

accomplished with an HP 530L~A Timer/Counter.

The areas of the scalp at which electrodes were to be

placed were cleansed with ethyl aichohol , gently roughed ,
and then lightly coated with a 0.15 molar NàC1 solution.

In order to prevent the possibility of shorting two
electrodes together , petroleum jelly was applied between the

elect rodes. This p rov ided  us wi th  a ba r r i e r  i so la t ing
electrodes to signal collection only at cortical areas of
interest .

E a ch  new s u b jec t  h a l  to be ~ipp roached w i t h  the  a t t i t u d e
t h a t  he shared little in common w i t h  ot h e r  sub jec t s .  S k u l l
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shape , hair distribution and density, emotional

c o n f i g u r a t i o n , and p h y s i c a l  cond i t ion  all added  to t h e
complex i t i e s  of a c a r e f u l  sub jec t “ s u i t — u p ” . Once  we h ad
t r a ined  him and  i d e n t i f i e d  his q u i r k s , the su b j e c t ’ s
preparation became routine .

Prior to each EEG the following variables were carefully

recorded :

1. Sub~ ect’s nam e ,

2. Da te ,

3. Disk  n u m b e r  (da ta  s torage)  ,

L~ • Data collection computer program ,

5. D ig i t a l  f i l t e r  p a r a m e t e r s ,

6. El ectrode locat ion ,

7. Elect rode res istances ,

8. Taski ng p e r i p h e r a l  c lock r a t e ,

9. Disk add ress fo r  each task  run  s egmen t ,

10. The t a sk  run  scenerio.

B. COMPUTER PR0GRA~1S

1. Rea l Tiae Signai 22~~~

a. TWODET.SAV

Developed for the purpose of continuous

correlation indication , TWODET collects, processes , stores ,

-- ~~ -~~~~~~~~~~~~~~ - - ~~~~ ‘-~~~~~~~~~~~~ •~ • ••~~~~r~_•



and displays BEG signals on a real time basis. The result

is simply a signa l composed of the sum and difference

frequencies which are maltiplication products of the two

s inuso ida l  EEG sig nals ( tegules)  . T WO DE T r em a ins  as the
most e f f e c t i v e  means  for  t h e  s y n c h r o n o u s  detect ion of task
related electrical activity in the brain.

TWODET takes the signals from as many as eight

electrodes  r e f e renced  a g a i n s t  ano ther  e lectrode , u su a l l y
pla ced on t h e  f o r e — a n d — a f t  s k u l l  c e n t e r  l i n e  in t h e  p a : iet a l
region ( v e r t e x )  , a nd averages  t h e n .  This  a’~-e r a g e  is t h e n
subtracted from the  s igna l s  of t w o  c losely  spaced e lec t rodes
respectively. These primary electrodes are the two which

are gathering signals from the area of interest in the

cor t ex .  It is imp o r t a n t  to r ea l i z e  t h a t  t h e  p r i m a r y
elect rode signals are  t hemse lve s  i ncluded  ir the  s u bt r a c t - e d
a v e r a g e .

The two d i f f e rence s igna ls  a r e  processed by the
t i m e  to f requency  discre te  F o u r i e r  t r a n s f o r m  ( O F T )  . The
data is divided into four 0.25 s sect ions.  Thus t n e  da ta  is
displayed as a 1.0 s f r a m e , b ut processed at  0 . 2 5  s
i n t e r v a l s .  Once in t h e  f r e q u e n c y  d om a i n , o n ly  those
spect r u m  c o m p o n e n t s  ot i n t e r e s t  are r e t a i n e d  C7 0—95 Hz)

H a v i n g  been d ig ita l ly  o a n d pass f i l t e r e d , ~he data is

restored to the time domain via inverse Fourier transform

(IFT) . The resulting two individual signals are displayed

as the first and third traces of a frame of data on the

Tektronix storage oscilloscope ( F ig 6) . The ‘data frames

are displayed as the data gathering run is in progress.

There is 0.25 s delay from point of collection to that of
disp l a y .  The  se cond t race  d i s pl a y e d  r ep re sen t s  t h e  cross
multi plication of the two primary electrode signals after
they have been digitally bandpa ss filtered. The ampli tude
of this trace is a measure of t h e  c o r r e l a t i o n  b e t w e en  th e

t wo p r i m a r y  e lec t rode s i gna l s .  The inte ’ r a l  of t h e  cross
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m u l t i p l i c a t i o n  p roduc t  is w h a t  d e t e r m i n e s t h e  i n t e n s i t y  of
the BFB lig ht i ng sy s t em .  If t he r e  is a h igh  a m p l i t u d e
posit ive p e a k , t h ~ sub jec t  receives a bright glow from the

B FB l i g h t .  ~!e w i l l  r ece ive  n o t h i n g  f r o m  a zero or m i n u s
pr od u ct , nor can he d r i v e  the  BFB to bri ghtn ess w i th

my o g r a m s . The cross mu l t i p l i c a t i o n  t race  is also the
location of the task  re la ted  response s i g n a t u r e .  The  fourth

t race  is s i m p l y  t h e  p e r f o r m a n c e  t r a c e  f r o m  the  P e r f o r m a n c e
Ind i ca to r  Module  (sect ion V . C . )  and is not processed by
TWODET.  A TWODET “ run ” can co n t i n u e  fo r  as lon3 as 630 s.
The sto r a g e  disk can hold no more t h a n  600  s of d a t a .  A r un
was n o r m a l l y  b r o k e n  in to  six 100 s s e g m e n t s .  The 100 s
dur a t io n w a s chose n fo r subject comfort as well as a l l o w i n g
fo r  six different task situations in one r u n .

• TWODET is c o n f i g u r e d  to t a k e  the  p r i m a r y
elect rode  s igna l s  via c h a n n e l s  one and  t w o  a n d  the
p e r f o r m a n c e  ind ica to r  via channe l  e i g h t .  To avoid
con fus ion , we co nnect  e lectrodes to  channe l s of t h e  sa;a e
n u m b e r  (e lect rode 1 — c h a n n e l  1) • C h a n n e l s  3 , L~, 5, 6, an d
7 are used for the secondary electrodes.

b.  T W OD E T M o d i f i c a t i o n s

In a c o n t i n u i n g  e f f o r t  to i m p r o v e  o u r  s igna l
detection technLjues , we have altered TWODET on several
occasions. One such effort was quite successful. Instead

of s u b t r a c t i n g  an averaged  s igna l  f rom t h e  p r i m a r y  si g n a l s ,
we s i m p l y  u t i liz ed o n ly the  p r i m a r y  s i gna l s .  We h a v e  since
r e t u r n e d  to an a v e r a g e  s igna l  e l i m i n a t i o n  in  r e n e w e d  ~e f f o rts
at noise rejection.

C. THE T R I A L  R U N
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As soon as the electrodes were in place and the subject

was seated in the screened room , a standardization run was

conducted. This usually took no more than two to five

minutes with a trained subject. As much as five hour s could

be spent with a new subject . A new subject was usually

somewhat apprehensive about the laboratory environment and

had to achieve a satisfactory level of relaxation. Once

r e l axed , we had to es tab l i sh  t h a t  t h e  electrode p l a c em e n t ,
on this new skull, was optinum . We chose the left motor —

left premotor areas for primary electrode positions with trie

refer ence electrode at the vertex and ground electrodes un

the mastoid (right and left) . The  s e c o n d a r y  e lec t rodes
could be in any non—myog ran related positions. This varied

f rom sub jec t  to sub j ec t .  A l t h o u g h  t he  s e c c n d a r y  e lec t rodes
could be as close as 2 . 5  cm to one a n o t h e r , we fo und  t h a t
t h e y  should  be no closer t h a n  3. L~ cm to  a p r i m a cy  e lec t rode.
The p r i m a r y  electrodes were  no closer t h a n  3.2 cm tc the

r e f e r e n c e  electrode.  These d is tances  are cons t r a ined  by our
elect rode he lmet . Fi gu re 5 i l l u s t r a t e s  t h e  helmet  e lect rode
sites. Section VI presents the electrode positions for

specific runs. We viewed the r a w  EE G da ta  as wel l  as the
TWODET processed signals with the subject relaxed. 3ecause

of the  ab undance  of recorded s ignals  f r o m  this  area , as wel l
as the  t e a m ’s expe r i ence , it was  r e l a t i v e l y  easy to see if
the  sig nals  were t y p i c a l  or a t y p i c a l .  If th e  t e g u l e s  W e r e

random in nature and free from myogram s (no pulsing) , we
fel t t h a t  to be t y p ical. The  cross m u l t i p l ica t ion t r a ce  h-a d
to have peaks (positive and negative) of mediu m to low

a m p l i t u d e  e v e n l y  d i s t r i b u t e d  about  ze ro  p r o d u c t .  F i g u r e  8
ill u s t r a t e s  wha t  we looked for  in the  t r i a l  r u n .  The  nex t
s tep  was t o si mp ly re locate  the p r i m a r y  e lec t rode  leads to
a m p l i f i e r channe l s a p p r o p r i a t e  to t h e  cort ical  reg ion u n d e r
e x a m i n a t i b n .  Recall  that our primary electrodes were always

connected to channels one and two. Unless absolutely

necessary, electrodes were never physically relocated after
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subject preparation. Electrode relocation was accomplished

by interchang ing preamplifier leads.

D. THE TASK SEQUENCE

Five primary electrode positions were investigated :

* Left ~1otor to Left Premotor ,

* Left Motor to Left Occipital ,

* Left Motor to Right Motor ,

* Left Occipital to Left Occipital,

* Right Motor to Right Premotor.

At each of the five positions , the subject could ~e

tasked in a number of different ways . The following task

sequence was decided upon for the response signature

analysis:

~• 1~~~~!.~~L ~Q I~~L~.1 ~~~~~

This was necessary to establish a baseline to which

other data could be referenced. Without a good baseline , we

found it useless to proceed . Examination of the amount of

negative or positive correlation indicated by the cross

multiplication in TWODET.SAV , as well as the raw E EG data ,
gave us indication of whether or not we had a good baseline .

One of the most important aspects of the curren t EEG

research has depended upon the positive -or negative

crosscorrelation resulting from the signal processing

discussed in section V.B.1 .a. We iow from theory and

practice that the resultant signal crosscorrela tion from a

relaxed subject should disp lay a mean close to zero.

Whether it is slightly positive or negative depends upon
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electrode placeme nt. Accordingly, we have developed a

standard by gathering data from the subject in a relax.ed

state as a preliminary to each EEG session. From this

standard we can evaluate subsequent runs on a relative

basis. In the case of high positive or negative

crosscorrelation from the relaxed run , we have had to

determin e whether the cause was equipment or subject

related. We simply trouble shoot an equipment related

cause. If the subject is the cause, the solution has been

to get another subject or to train him into a state of

relaxation.

2. Task with a slow clock and BFR

The task subsystem was used at a clock rate  of 1.5 Hz
( a p p r o x im a t e l y  35 dot d i s p l a c em e n t s/ l OU  s) . This ra te
allowed sufficient time betwee n dot displacements so that

the response to specific displacements could be analyzed.

Biofeedback (BFB) was applied so t h a t  in la ter  r u n s  the
ansence of BFB could be c o m p a r a t i v e l y  s t ud i ed .

3. Task with a slow clock and no BFB

This setup was the same as above except there was no

B P B .

‘4. ~~~~ ~ ~~~~ 22 2g~~L ~~~~ ~~~~~~~

We increased the level of difficulty by reversing the

stick control signals. The purpose of this was to

investigate a possible increase in positive correlation

resulting from increasing degrees of difficulty at the same

clock rate.

5. Task with a fast clock and BFB

The task system clock rate was increased to 2.8 qz

( a p p r o x i m a t e l y  ó5 dot d i sp l acemen t s/ 100  5) . Aithou ch data
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analysis is much mor e difficult at this rate, it was felt

that more information was needed relating task difficulty to

the amount of positive correlation achieved.

6.. Task with a fast clock and no EFE

- We eliminated BYE for the purpose discussed earlier.
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VI. PRESENTATION OF DATA

A. COMPUTER PROGRAMS

The REPLAY series of programs are those which we hive

used for the purposes of TWODET data review and analysis.

Data is replayed from the disk and reviewed on the Tektronix

storage CR0. Frames of data may also be plotted on the 9P

7004B X—Y Recorder for detailed analysis and for permanent

record. Due to the varied display and analysis

requirements , a number of REPLAY programs have been written.

Only those used by the author are addressed below.

1. REPLAY.V AR

REPLAY .VAR allows for a frame by frame replay cf tne

processed TWODET EEG signals. The CR0 display is identical

in form to that seen while data collection is in progress.

One of the callable par ameters designates the period that a

frame is displayed on the CR0 , making it possible for a

detailed slow examination or a quick review of data. An

addit ional feature is the crosscorrelation statistical plot

produced . The cross multiplication trace (of TWODET) is

integrated over one f r a m e  period (one  second) . The

resultant correlation is stored until the entire 600 frames

• have been processed . 600 correlation points are plotted

with respect to a zero correlation reference. In addition ,

the mean and standard deviation of each 100 s run segment is

computed  and plot ted ( Fig 7) . The value of this plot is
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r
that it allows for a relative measure of correlation between

t~ e EEG signals of interest . Comparison is also made

possible between the mean correlations of run segments as

well as of different runs. If a broad band pulse (myogram)

propagates throughout the cortical area, we can consider the

resultant correlation to reflect a slightly higher mean.

The pulse will appear at both electrodes and will result in

a large positive correlation.

2. REPLAY.CON

Due to the presence of low amplitude extraneous

cross multiplication results , it was ~uite difficult to

recognize the occurrence of REG signal events. We were

receiving too much information. REPLAY .CON applies a

threshold to the cross multiplication trace. If the trace

information is of less amplitude than the threshold , the

program zeros that portion. The resultant trace displa ys

only that which is above threshold value. The program also

utilizes a running averag ing routine . A program parameter

specified the number of words desired in the running average

of trace 2. For exampl e, if  we set the tine window (for the

nu mber  of w ords)  e q u a l  to 1 a n d  the t h r e s h o l d  equa l to 0 ,
the  r e s u l t a n t  t r ace  2 w o u l d  be i d e n t i c a l  to t h a t  f
REPLAY .VAR. As with an envelope detector , this program

enhances the dominant characteristics of the correlation

indication of trace 2. A crosscorrelation plot is provided

as in REPLAY.V A R , but is computed from the threshold

adjusted cross multiplication results.

3. .~EPLAY .PLT

This is the program which was utilized to develop

the plots presente d as “TWODET 70—95 Hz”. Single frames 

~~~~~~~~~~~ -~~~--~~~~~~~ ~~~-



(one s of data) can be easily plotted using this program.

‘ 4 .  ~E~~~~~~PT

• Used primarily for laboratory data examination , this

program can plot any number of EEG data frames from a given

run. The advantage of this plot is that it allows data

examination on a much larger scale than is possible with the

CRC display .

B. PROCEDURAL TERMINOLOGY

In order to facilitate the presentation of data , certain

terms will imply associated conditions . This list should be

used for reference to all runs unless otherwise stated:

1. Run : 600 s of SEG data (a full disk)

2. Run Segment: 100 s of EEG data

3. Slow Clock: 1.5 Hz

4~ Fast Clock : 2.8 Hz

5. Scale on all “TJODET 70—95 Hz ” plots is identical.

6. Scale on all “REPLAY .VAR ” plots is identical.

7. M o t c r — P r e m o t o r :  F r o n t a l  lobe of the cortex

8. Response Signature: That portion of trace 2 (cross

multiplication ) which shows relatively large peaks

(positive or negative, depending cm electrode position)

preceded and followed by low amplitude periods. The

signature follows a task initiation found on trace 1.

9. Latency: The period fron the task initiation to the
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beginni rg of the response signature.

10. Signature Duration: The period from the b~ ginning of

the response peak(s) to the end of them. Phase and

amplitude characterist ics of concurrent tegu1~ r

• activity from traces 1 and 3 were ~~~ for this

determination.

11. EFE : Biofeedback will be assumed pr esent unless

specified to the contrary, de . “n -~ ~FB” or “~~o vi~ ual

stimuli” .

C. EL~ CTR0DE POSITIONS PFZSENTE D

We stressed the importance of electrode position f- r

effective EEG signal detection ii’. a task situa ion . ~~cause

of this it was felt that plot presentations of areas other

than the motor—prenotor area were required. ~1ot r— prem otor

represents the placement of two prim ary elect:~ies close to

one anotne: and in the same cortical hemisphere . This was  a

serial electrode position. One electrode was plac -~d i~ the

premotor area and the other elect rode was placed b~ hin i the

first in the motor area . Fore—and—aft or serial electr de

placement resulted in the detection of easily :eco-~n::e-.d

task related response signatures. This was conne;ted to the

premotor to motor - (fore—and—aft) signal processin3 flow

pattern. Motor— occipital electrodes were placed with the

primary electrodes in the same hemisphere but with

significant separation. Left motor—right motor presents us

with an example of the primary electrodes in l i f f e r en t
cerebral hemispheres and a large electrode separation . The

motor—occipital and left motor—right motor placements will

be presented last. It must be emphasized that thi s is not a

chronological presentation . We spent a great deal of time

reconfirming the task related preferred frequency of 70—95
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Hz. In an effort to locate that portion of the cerebral

surface with the greatest occurrence of task related

electrical activity, we examined the left motor area , the

left occipital area, and the right motor area. The left

motor area provided us with the most signal activity which
• was task related . The motor—occipital and left motor—rigat

motor presentations are a result of the general search. Th~
motor—premotor presentation is a conglomerate of the general

search results and later more detailed investigations.

D. LEFT MOTOR TO LEFT PREMOTOI~

Accompanying each motor—premotor task segment plot will

be an analysis of the entire ran segment. Thts is to

provide you with a frame of reference to which tae figures

may be compared. The statistical presentation is:

* Occurrence of Signature: This is a percen t-age and is

calculated as the ratio of easily recognizable response

signatures to the total number of task initiations.

* Latency (mean): The latency times of all of the

response signatures were recorded and the mea:~ calculated.

* Latency (S. D.) : The standard d e v i a t i o n  f r o m  th~
mean was calculated.

* Signature Duration (mean) : The duration ti~nes cf all

of the response signatures were recorded and the mean

calculated.

* Signature Duration (S. D.) : The standard deviation

from the mean was calculated.

* Performance (mean) : The time that it too~ for the

subject to return the CR0 dct to center after each task

initiation was recorded and the mean was calculated.
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* Performance (S. D.) : The standard  dev ia t ion  f r o m  the
mean was calculated.

1. Baseline

Figure 8 shows the baseline EEG of a subject. The

baseline was established with the subject in a relaxed state
with no visual stimulation . The screened room , in which the
subject sits, was darkened and the CR0 was turned off. Note

the even distribution of positive and negative correlation

indicated on trace 2. Traces 1 and 3 show Lit t le  similarity
in tegular activity.

2. Slow Clock

The tasking peripheral was energized at a ~lccfr~ rate

of 1.5 Hz, and tne subject began the task series.

a. Normal Stick Control

Figure 9 shows the cortical response to t~~ e

task. EPE was utilized in this run segment. Trace 2 shows

the response 
• 

signature occurring 0.31 s after task

initiation. The response signature appears to iast for

about 0.23 s and then a decrease in tegular ampl itud~ as

wel l  as a loss in the phase  rela t ionsh ip  occurs . Th e r e  is a
relatively low amplitude period before and after the peaking

action occurs on trace 2. The subject felt that ne had done
a good job during this run segment. Analysis of t:~e run

segment revealed the following:

* Occurrence of signature: 76%
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* Latency (mean) : 0.19 s

* Latency (S. 0.): 0.10 s

* Signa tu re  D u r a t i o n  ( m e a n ) : 0 .13  s

* Signature Duration (S. 0.): 0.04 s

* Performance (mean) : 0.55 s

* Performance (S. 0.): 0.14 s

Figure 9 is f a i r l y  typica l of t h e  r an .
Reference to figures 16 through 25 might be of interest as

we review individual plots. Those figures represent the

statistical analysis of 1800 seconds of EEG data from the

same subject taken over a period of three weeks.

b. Normal Stick Control , No EFE

The only change from the last run was the

removal of EFE . Figure 10 shows a decrease in the time to

the response signature compared to Fig 9. The re spcnse
signature lasts for a longer period. The subject once again

reported that he did a good job . Analysis of this run

segment revealed:

* Occurrence of Signature: L46%

* Latency (mean) : 0.14 s

* Latency (S. 0.): 0.07 s

* Signature D uration (mean) : 0.11 s

* SIgnature Duration (S. 0.): 0.04 s

* Performance (mean) : 0.50 s

* Performance (S. 0.) : 0.11 s
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For som e reason , the re was quite a decrease in

the occurrence of signatare without the BFB. The subject’s

performance did improve over the last run segment.

c. Reversed Stick Control

The subject never felt tha t he could accomplish

the task with reversed controls as well as he could with

normal stick control. That was his evaluation over a thr~~e

month period and a total of 30 runs that he made. Tnis is

pointed out to emp hasize that reversed control was by far

the most d i f f i c u l t  task .  It requi red  a comple te  a l t e r a t i o n
in the task perception and control on the part of the

subject. Figur e 11 shows t ha t  t he r e  is, once again , an
ea sily ide n t i f i a b l e  response s i g n a t u r e .  Ana lys i s  of this
run  seg m en t showed :

* Occurrence of Sig n a t u r e :  83%

* Latency (mean) : 0.18 s

* Latency (S. D.): 0.11 s

* Signature Duration (~nean) : 0.12 s

* Signature Duration (S. D.) : 0.0t4 s

* Performance (mean) : 0.95 s

* Performance (S. D.) : 0.19 s

The plot is quite typical of the run segment , as

seen from t h e  values above . This was by far the worst
subject performance of any of the run segments.

3. Past Clock
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We increased the clock rate of the tasking

peripheral to 2.8 Hz for these last two runs. At this clock

rate, the subject is almost constantly controlling -tne CR0

dot . The resultant profusion of task related responses

makes signature analysis quite difficult. Run segments

using a fast clocking were reported by the subject to be

mor e difficult than those run segments with a slow clock but

less difficult than those with reversed control.

a. Normal Stick Control

Figure 12 shows t h e  now familiar response

signature. The latency is only 0.06 s and the signature

durat ion 0.18 s. The subject reported that he felt greater

accompl i shmen t  d u r i n g  th i s  segment  t h a n  in ear l ier  s~ g~ en t s .
The subject cons i s t en t ly  f e l t  be t ter  w i t h  E F E t h a n  w i t h o u t .
This feeling persisted throughout the entire three months of

runs. ?cr reasons unknown , the fast clock with 3EB run

segment caused more subjec t comment on EFE than the other

two seg men t s  wit h BP B . The subject  commented  t h a t  t h e  SF3

may have had a relaxing effect on him. ~un ~~ent

a n a l y s i s :

* Occurrence of Signature: 72%

* Latency (mean) : 0.13 s

* Latency (S. 0.) : 0.07 s

* Signature Duration (mean) : 0. 13 s

* Signature Duration (S. D.) : 0.04 s

- 
- * Performance (mean) : 0.53 s

* Performance (S. 0.): 0.12 s

57

_ _ _  ~ - -~~~~~ _ _ _



‘I ~~~~~~

.

~~

_Tj

~~

U U
58



b . Normal Stick Control , No BFB

Notice that the performance in this plot is much

better than in any other plots or data analysis presented so

far ( Fig 13). The subject reported that he felt a

tremendous sense of accomplishme nt from this run segment.

At the end of ‘the research , he referred to this run segment

as the best of all 30 runs included in the research. Data

analysis : -

* Occurrence of Signature: 57~

* Latency (mean) : 0. 16 s

* Latency (S. D.) : 0.06 s

* Signature Duration (mean) : 0.17 s

* Signature Duration (S. D.) : 0.06 s

* Performance (mean) : 0.51 s

* Performance (S. 0.): 0.14 5

The performance , contrary to the subiect’s

belief , was not the “ super run ” tha t  he tho u g h t .  T h e  run
segment with a slow clock , normal s t ick  co n t ro l, a nd no 3F3
had slightly better performance times.

LI. Crosscorrelation

With the electrodes located in the motor—pre motor

area , one would expect a certain amount of positive

correlaticn betwee n the signals detected . Figure 14 shows

tha t this was the case. Recall that the primary electrodes

were only 2.4 cm apart.
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This plot is simila r to those of other

motor—premotor runs except for the mean of the fifth run

segment which was usually found below that of the sixth and

above that of the fourth run segment. This abnormality can

be explaine d by the presence of some myogra m activity in run

segment five. Although not to be associated with this run

presentation , Fig 15 is a typical plot of a motor—preraotor

run (also Fig 7) . Observe the relative position of the mean

of run segment five.

5. Conclusions

We have seen data plots and subsequent calcula~ io~ s

extracted from one run . The same calculations are f l OW

represented as a basis for comparative analysis.

Conclusi ons were not , however , drawn from the evi-lence of

one run. Graphical presentation of statistical info:matic~n

from three motor— p remotor runs are also made available.

* Occurrence of Signature:

• Re versed St ick  Con t ro l :  ~3%
• Slow Clock: 76~
• Past Clock:- 72A

• Fast Clock, No dFB : 57~
• Slow Clock , N o SF3: 46%

Since we are interested in the development of more

sophisticated methods for response signature statistical

analysis , it is reasonable to specify those parameters

which , when varied , will optimize the occurrence of the task

related response signature. All three of the prinary

electrode positions discussed provided
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a 62—64% average occurrence of signature. It has been

demonstrated that the task related preferred frequency range

is 70—95 Hz ERef . 7]. We can now elaborate this by

concluding that the more difficult the task (reversed stick
• con trol in this researc h) , the g r e a t e r  becomes the

occurrence of the response signature. For all of the

motor—premotor runs, the reversed stick control produced

signatures 77% of the time ( Fig 16) . Also shown is a 73%

occurrence of s igna ture  fo r  all runs  conducted , i n c l u d i n g
motor—occi p ital and left  m o t o r — r i g h t  m o t o r .

We have determined that the response signature has

characteristics directly related to the skilled motor

function. Are these characteristics task related or are

they peculiar to a given individual? If the response

signature is a trademark which varies from person to person ,

what impact does training have on the signature

characteristics? Let us first examine t he  l a tenc~’
characteristic (the time from task initiation to the

beginning of the signature) . Figures  18 , 19 , and 20 sho~
the means and standard deviations of latency with respect to

the  v ar ious  task segment s .  One conclus ion to be d r a w n  f r o m
th is  is tLa t , while  the  mean  may  vary slightly from task to

t a sk , l a t e n c y  is re l a t ive ly  cons tan t  fo r  this  i n d i v id u a l .
If we can say t h a t  reversed stick control is an unusually

d i f f icult  task w h e n  compared w i th  the  o thers , and therefore

ignore it for  a second , ano the r  i n t e r e s t i ng  p o s s i b i l i t y
presents itself. It appears tha t the latency is shorter

with 3PB introduced. First compare the slow clock segments ,

then compare the fast clock segments. If the reversed stick

control segment is compared with the fast clock segments and

the slow clock segments , it can be seen that the latency is

l onge r  w i th  a more  d i f f icu l t  t a sk .

* Latency (mean) :

• Slow Clock , N o SF 5 : 0 .14  s
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• Past Clock , No BPS: 0.16 5

• Reversed Stick Control: 0.18 s

• Fast Clock: 0.18 S

• Slow Clock: 0.19 s

This is a comparative tabulation of the data

presented earlier which accompanied the EEG plots. When

individual runs, suc h as this one , are studied and then

compared with the results from other runs , we can make only

one conclusion abo ut the latency: it is relatively constant

from task to task, lasting approximately 0.18 s.

The other response signature characteristic which we

examined was the signature duration. From the earlier

motor—premotcr data presentation:

* Signa tu re  Dura t i on  ( m e a n )
• Slow Clock , No SF3: 0.11 S

• Reversed Stick Control: 0.12 s

• Fast Clock: 0.13 s

• Slow Clock: 0.13 s

• Fast Clock , No SF8: 0.17 s

There is nothing in this comparison which can lead

us to a n y  conclusion.  If , howeve r , we study the results of

three  runs , as see n in f i g ur es 20 , 21 , and 22 , i t bec o m es
apparent that the signature duration mean is almost a

constant 0.17 s. As you know , we can get a measure of the

individual ’s performance from trace 4 of the TWODET data.

We found that this gave us a sound statistical measure of

the subject ’s im provement in task accomplishment over a

period of t i m e .  This  sub jec t  improved  m a r k e d l y  f r o m  the run
presented , whose data we have been reviewing, to his last

run. This was an expected trend. The more he perform ed t:ee

tasking sequence , the better he became. From his last and

best tas k run , we found the following results:
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* Signature Duration (mean)

• Slow Clock: 0.17 s

• Fast Clock , No BFB: 0.17 s

• Slow Clock , No BFB : 0.17 s

• Reversed Stick Control: 0.19 s

• Past Clock: 0.20 s

Notice how the duration period has increased over

that of the earlier run. The correlation between a person ’s

ab i l i ty  to p e r f o r m  a task and his si g n a t u r e  -d u r a t i on  is an
interesting possibility.

The next two sets of data are presented t o  shcw ~ne

subject’s improvement over the last seven days of EEG r u n s
on him. The first set was taken from the earlier

m o t o r — p r e m o t o r  ana lys i s  of t h i s  sec t ion .  The second data
set comes from his last run.

* Performance (mean) :

• Slow Clock , No SF5: 0.50 s

• Fast Clock , No BFB: 0.51 s

• Fast Clock: 0.53 s

• Slow Clock: 0.55 s

• Reversed Stick Control: 0.95 s

* P e r f o r m a n c e  (mean)

• Fast Clock , No SFB: 0.44 s

• Slow Clock: 0.L45 s

• Slow Clock , No BFB: 0.47 S

• Fast Clock: O.~47 s

• Reversed Stick Control: 0.55 s

Figures 23, 2~4 , and 25 present an overall

p e r f o r m a n c e  i n d i c a ti o n  re la ted  to the task sequences.  Fr om
the graphical pres entation as well as from the subject ’s own
evaluation of his performance we can dra w the following
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conclusions . SF5 does in fact impact on the subject ’s

ability to perform. The subject consistently reported that

he missed the BFE when it was removed. This same effect was

true with two other subjects during the course of the

research. The subject also reported that SF5 had a soothing

or relaxing effect on him . Throtighout the analysis of run

data, we have found tha t there is an a p p a r e n t  decrease in
the subject ’s performance when accompanied by BFB. Due to

the rather short task segment duration (100 s) , it was
decided that a longer task segment (10 m m )  was reguired to

verify the influence of SF8 on the subject ’s performance.

We conducted two special runs. The first run was 10

mm long without interruption. The ta sking peripheral clock

was set at 2.0 Hz and the subject was provided E?B. Data

analysis  revealed the f o l l o w i n g  pe r f o r m a n c e  t imes :

• • Frames 0—100: 0.42 s

• Frames 101—200: 0.46 s

• Frames 201—300: 0.47 S

• Frames 301—400: 0.46 s

• Frames 401—500: 0.48 s

• Fra mes  5 0 1 — 6 0 0 :  0 .4 4  s

The second run was also conducted for 10 mm without

interruption. The only difference being that ~e did no~
provide the subject with SF8.

• Frames 0—100: 0.39 s

• Frames 101—200: 0.39 s

• Frames 201—300: 0.39 s

• Frames 301—400: 0.42 s

• Frames 401—500: 0.39 s

• Frames 501—600: 0.42 s

This seems to indicate that the subject p e r f o r m e d
the task better without SF8.
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E. L E F T  M O T O R  TO LEFT O C C I P I T A L

Prior to the run , the electrode placement was checked by

observing the cross multiplication trace of the left inotot-

to left premotor signals. This check provided us with a

certain degree of confidence in the system as well as the

subject. Having established our standard , we shifted to the

primary pick up electrodes. There was no electrode

relocation. The electrode leads were simply plugged into

appropriate ampl i f i e r  c h a n n e l s  for  the  le f t  motor  to l e f t
occipital run.

1. 
~~A~ns

The baselin e was collected w it h the s u b j e c t in a
relaxed state within the screened room. The lights were out

and the tasking peripheral CR0 was turned off. Figure 26

shows one second of the run segment. Trace 1 has tecules of
about the same d u r a t i o n  and a m p l i t u d e  cf t race  3. T ’ e
occipital seemed to be a bit  more e r ra t ic  than the  motor
area . The cross multiplication trace gave us some

indication that we might expect a more negatively oriented

correlation than we found with the motor—premotor data . The
arbitrary peaks and valleys of the cross multiplication

trace indicated that this was a good reference run segment .

2. Slow Clock

a. N ormal  Stic k Cont ro l

The response signatures were unlike those of the
motor—premotor ( Fig 27). We could not be certain that what
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we were seeing was a response signature. After a detailed

inspection of this segment , we found th~it 62% of the task

initiations cm trace 4 were followed by the signature on

trace 2. Rather than one to four distinguishable positive

peaks on trace 2 , we observed a mix of posi t ive  and  nega t ive
peaks. The delay and duration did not show much change from

that of the inotor— prenotor.

b. I~ormal Stick Control , No SF8

Figure 28 presents us wit h another confused

si gnature. Trace 3 shows a mix of positive and negative

peaks. It was noted that , in this 100 S r u n  s egmen t , the
response signature was characterized more by the n e g a t i v e
peaks in cross multi plication than by positive peaks. The

occurrence of signature was 54%.

c. Reversed Stick CO f lt t O i

The response signature occurrence jumped to 72%

in this segment. This relatively high signature occurrence

for the reversed stick control was characteristic of all of

our runs . That we were seeing a predominately n e -~at ive
response signature could easily be seen in this run segment

( Fig 29).

3. Fast Clock

• a. Normal Stic k Control

The re was less ac t i v i ty  between t as tzs in  this

run segment than in those with the slow clock. Tnis m -a~~
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the signature response somewhat more predominant , as can be

seen in Fig 30. The response signature was produced by 61%

of the tasks.

b. Normal Stick Control, No SF8

Once again we found the nega t ive  response
signature (Fig 31) . Signature occurrence was at 68%.

4. Crosscorrelation

Al]. six runs reflected correlati ons of negative mean

(Fi g 3 2 ) .  Li t t l e i n f o r m a t i o n  f rom th i s  plot could  be
related to a detailed analysis of the run. We were certain

that the wide electrode placement was the cause of the

negative signal correlation. I t  is quite possible that we

have indication s of task related 70—95 Hz signal processing

which propagated throughout the cortex. The n~gative peak

signatur e would indicate close to 180 degrees of ?hase delay

relative to our wide electrode placement.

F. LEFT ~OTCF TO RIGHT MOTOR

1. Baseline

Although the baseline in Fig 33 displays the sa~ie

random characteristics as the previous baselines , trace 2 is
random in a more negative manner.

2. Slow Clock
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a. Normal Stick Control

Figure 34 displays a signature reEponse

characteristic of the entire 600 s run. There was typ ically

a quite large negative cross multiplication peak. There was

an obvious difference between the tegule amplitudes of the

left and right motor areas. As expected , the left motor

tegule amplitudes , within the response signature duration ,

were larger than those of the right motor area. The subject

used his r i g h t  h a n d  for  the task s t ick con t ro l .  The
response s igna tu re  occurrence  was  4 5%.

b. No rmal  S t ick  Con t ro l ,  No BPB

The response s i g n a t u r e s  of t h i s  run s e g m e n t  were
large n e g a t i v e  peaks (Fig 35) . 59% of the t a sks  evoked
response s igna tures .

c. Reve rsed Stick Control

Figure 36 shows the  charac ter i s t ic  r e sponse
signature of the left motor to right motor area run . T~-ie

occurrence of signature jumped to 67%-.

3. Fast Clock

a. Normal Stick Control

Once again we found the negative peak(s)

response signature on trace 2 as seen in Fig 37. The
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response signature was found for 63% of the tasks.

b. Normal Stick Control, No SF5

Figure 38 shows the now easily recognized

signature. The signature occurrence remained 63%.

4. Crosscorrelation

The p r edom ina tely negat ive  task related response
signature was reflected in t h e  corr elat ion p lot ( Fi g 3~ )

The correlation mean for each task segment is more negative

than that of the baseline. This was unique to the

synch ronous  s ignal  detection fr o m  the opp os inc  cer e b r a l
hemispheres. But for  one exception (Fig 14) , wh en the

primary electrodes were in t he  same hemisphere , th~ task
segmen t s  gene ra l ly  produced a more  pos i t ive  c o r r ela t i o n  mean
than did the baseline segment .

The respon se signature for left motor—ri~ ht motor

could be charac te r ized  as large nega t ive  peaks on the  cross
multiplication trace. The difficult reversed stick control

segment elicited much higher occurrence of signatire

percentage.
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VII. CONCLUSIONS

A. METHODS OF DATA COLLECTION

The TWODET .SAV program is an indispensable tool. The

task re la ted  response s i g n a t u r e, developed by cortical
electrical signals, is ~ra~~h ically i l lustrated on ly  a f t e r
TW ODET signal  pr ocessing . TWO DET provides t h e  t egula r
r ep resen ta t ion  of the  bra in  waves and the  cross
mul t ip l i ca t ion  of two such signals f r o m  d i f f e r e n t  cerebral
locations. No recommendations for the improvem ent of this

p rog ram can be m a d e  at this t ine .

B. METHCDS OF DAT A PRESENTATION AND AN&LYSIS

The REPLAY series is an excellent vehicle for data

retrieval. Any portion of any run is accessible for review

on the c~o or p lo t t ing  wit h ex t reme ease.  The
crosscorrelat ion plot provides  the  researcher  with  a method
of t rend analysis . We have ut i l ized this plot to de t e rm ine
subject consistenc y from r u n  to run.  - The presence of low
amplitude products of TWODET cross mul tiplication tend to

di lu te  the impact  of th is  statist ical plot. E f f or t s
cont inue in an a t t empt  to provide more s i gn i f i cance  to the
crcsscorrelation. R E P L A Y . C O N  is such an example  w h e r e b y
thres hold levels pass only  certain a m p l i t u d e  s ignals  to the
crosscorrelat ion rou t ine .  It is recommended  t h a t  several
th resho ld  pa ramete r s  be made avai lable .  One t h resho ld  could

1



pertain only to the non task related signals, in much the
way REPLAY .CON functions. Additionally, there should be a

threshol d of lower a m p l i t u d e  keyed to the task in i t i a t ion
mark on the per formance indicator trace of TWODET. The

resu l tan t  crosscorrelation plot would operate in one of two
modes. First, it would calculate the correlation of each
frame of data as it does now. Second , only the portions of

those frames containing the response signature would be
calculated. This last mode of calculation would provide us

with only the activity related data for crosscorrelation.

This research has been dependent upon fram e by frame
visual inspection and manual measurement techniques. While

this method has been quite instructive and has provided an

adequate da ta base for a f i r s t  step into EEG task response
signatures, it is too time consuming for a thoroug h

investigation of the multivariable environment of the human

brain . We require a CR0 of much higher resolution than the

Tektronix. Although the HP X—Y plotter is adequate for

short t ime fr am e  data plots , it does not provide us w i t h  a
means of p e r m a n e n t l y  s tor ing  long periods of data , suc h as a
run segment . Since we have a limited number of disks, we

are forced to destroy (with no long term plot record)

valuable information in order to free a disk for further EEG

research . This is frustrating when it sometimes takes
lengthy data analysis before you know what you have seen.

It then becomes necessary to reproduce t h e  data.  There  is.
sa t is fact ion in the ability to reprodu ce, but uncontrolled

variables such as subject t r a in ing , ar e  present .  A rapid
plot system is badly needed for data storage.

C. THE T A S K  R E L A T E D  R E S P O N S E  S I G N A T U R E

Ther e is a response sig na ture .  The s i g n a t u re  varies
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f r o m  perscn to person , bu t  shows u n i q u e  charac te r i s t i cs  fo r
a given individual  at  specified electrod e posit ions.

We f ound  that , by chang ing  electrode posit ions , the

• appearance of the  s i gna tu r e  was a l t e r ed .  The l a t e n c y  and
dura t ion , however , remained  r e l a t i v e l y  cons t an t .  The
general characteristics of the signature are as follow s:

1. random peaks and valleys ,

2. task initiation ,

3. delay to response,

L4~ positive or negative peaks of high relative anplitud~ ,

5. low amplitude or smoothing,

6. random peaks and valleys.

1. 
~~~~~~~

The latency for one subject was fo~ind to be

approximately 0.18 s. This varied slightly from run to run

as well as from task to task, but we found no pattern of

va r i a t i on  related to t r a i n i n g ,  t he  ta sk , or HF B .

2. ~~~~~~~

The signature d uration varied on ly  s l i g h t l y  f rom
task to task .  The d u r a t i o n  of one individual ’s signature
was 0.17 s. If the  dura t ion  is d e p e n d e n t  upon any t h i n q ,
o ther  t h a n  the i n d i v i d u a l , it may  be t a sk  t r a in i n g .  there
was evidence t h a t , as t h e  sub jec t  inproved  at  th e  task , the

• duration increased .
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3. Baseline Characteristics

A relaxed subj ect’ s BEG is completely devoid  of the
response signature . A baseline is a valuable reference

source to which the task oriented runs can be compared. The

baseline also allows the researcher to determine the

normalcy of his equipment and/or subject . It might be said

tha t the baselin e is a “cali bration” run. The relaxe d run

has already been used to calibrate the threshold in

REPLAY .CON. We wer e able to effectively emphasize the

response signature presertce through careful use of the

REPLAY .CON threshold parameter. This could not have been

done with any confidence without the baseline.

D. BIOFEEDBACK

BFB does influ ence the subject ’s performance in the

short 100 s tasked run segment. The influence of BFB caused

some performance degradation. This individual felt that 3?B

relaxed him. Another subject reported that the BFB

stimulated him. When BFB was removed , in either case, the

subjects reported that they missed it. Both subjects

performe d the task more quickly without BFB. Further

evidence of this relaxing effect (on one subject) was found

when two baselines, one with and one without BYE , were run.

The crosscorrelations of these two runs domonstrated that

without EFE there was a more positive mean correlation than
wit h BPS. This seems to confirm the subject ’s feeling of

relaxation.

B. PREFERRED FREQUENCY
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We continued, during this phase of EEG research, to
search for those frequency ranges at which task related
activity was predominant. As evidenced by the response

signature, we foun d the highest activity to reside at 70—~ 5

Hz. There was some indication of a shift in the preferred

frequency as a result of subject training. Furthar

investigation into this is recommended .

F. TRAINING

As the subject became more accomplished in the

performance of his task , we noticed a smoothing out and a

decline in the amplitude of his motor area tegules. This

may very well have been a shift in the principal location of

his signal process ing from the motor area of the cortex to

the cerebellum, if in fact this shift occurs, might we then

be able to gualitatively measure the trainability of any

given individual at a skilled motor function? Figure 2

showed how a motor  f u n c t i o n  may be real ized wi th  much  more
speed and  accuracy t h r o u g h  the  cerehellar  i n i t i a t i o n  of
motor  f u n c t i o n s .
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