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ABSTRACT

A method of stress detection u t i l i z ing  the
electroencephal ogram is presented. Linited discussion

on nerve cells and sone physiological aspects of

stress are discussed . Considerable  data  is presented
which  supp or t s  a stress detect ion theory .  ~Meth o d s of

stress inducement utilized and the conduct of ar

electroencephalogram are described. Conclusions and

r e ccmmen d at i ons  for  f u t u r e  research ar e submi t t ed .
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I. I N T R O D U C T I O N

The s t u d y  of B i o en g i nee r i n g  in gene ra l  a n d  t h e

e l e c t r o e n c e p h a l o g r a m  ( E E G )  in p a r t i c u l a r  a f f o r d s  an e n g i n eer

the  o p p o r t u n i t y  of i m m e d i a t e l y  a p p l y i ng real  w o r l d  c r i ter i a

to a real world situation. In recent years t h e

u n d e r s t a n d i n g  of t h e  h u m a n  b r a i n  has inc reased  in p r i or i t y

and  indeed  is a neces s i t y  if m a n  is to c o n t i n u e  to  d e ve lop
t e c h n o l o g i c a l l y  wh i l e  m a i n t a i n i n g  a p e a c e f u l  wor ld

e n v i r o n m e n t .  P resen t  day r e sea rch  in b i o en g in e er L ta is

s om e w h a t  sparse  w h e n  compared  to r esea rch  c a rr i ed  out  to

d e v e l o p  m a c h i n e r y f o r  m an to  o per a t e , ye t  it seems an

u n d e r st a n d i n c  of t h e  o p e r a t o r  w o u l d  be j u s t  as i m p o r t a n t  a n d .
should  be a p a r a l l e l  e f f o r t .  :f , fo r  i n s t a n c e , t h e
elect :ocheuiicai  process of m e m o r y  were  t h o r o u g hl y

u n d e r s t o o d , it m a y  wel l  be t h a t  e d u c a t i o n  c o u l d  be
d r a m a t i c a l l y  acce le ra t ed  t h r o u g h  more  a p p r o p r i a t e  m e a n s .
Specu la t ion  of the  b e n e f i t s  to be d e r i v ed  f r o m  a c o m p le t e
u n d e r s t a n d i ng  of the h u m a n  b r a i n  is endless , a n d  an
i m p o r t a nt  s t a r t i n g  point  is t h e  det e ct i o n  of str e s s  w h i c h

a f f e c t s  sk i l l ed  moto r  c o n t r o l  a c t i v i t y .

10
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I I .  3 A C K G P .~~UND

A. PRELININA ~ Y

V e r y  l i t t l e  r e s e a r c h  has  b e en  c o ndu c t e d  in an a tt e~~pt to

d e f i n e  s t ress  t h r o u g h  an E G .  I t  is p o st u l a t e d , ho~~eve: ,
t h a t  d e f i n i t i v e  p a t ter n s  exis t  w h e n  a n  i n d i v i d u a l  is

e x p e r i e n c i n g  stress a n d  t h a t  t h e  ~r esence  a n d  dec ree  of

stress m a y  s o m e d a y  be m e a s u r e d  by p r e sence  and  a r p l i t u d e  of
such  a p a t t e r n .  ~i il i t ary  a p p l i c a t i o n s  of such k n o w l o i g e  ~re
vast with most immediate usefulness in t h e  f i e ld  of

av i a t  i on .

B. T H E  E X P E E I M Z N T

The  p r o b l em s  associa ted  w i t h  i n d u c i n g  st r e s s  in a n
i nd i v i du a l  are  as n u m e r o u s  as t h e  i n d i v id u a l s  t h e m s e l v e s .
How to m e a s u r e  e n v o k ed  s t r ess  a n d  i ts in o a ct  on p e r f o r m a n c e

are q u e s t i o n s  w h i c h  can be a n s w e r e d  o n l y  a f te r  t h e  p r e sen c e

of stress is de tec ted , w h i c h  is the  p r i m a r y  s u b j e c t  of t h i s

t h e s i s .  I t  was t h u s  decided t h a t  t h e  a pp l i c at i on  of st ress
tac t i cs  w o u l d  be as u n i f o r m as poss ib le , r e c o g n i z i n g  t h a t
the  a m o u n t  of stress v a r i e d  not o n l y  a m o n g  s u b j e c t s  b u t  f r o m
h o u r  to h o u r  w i t h  one s u b je c t .  ~e thods  u t i l iz e d  a re
discusse d l a t e r .  C o m p a r i s o n  r u n s  were  c o n s i s t e n t l y
cond ~i c t ed  w i t h o u t  s tress, t h e n  w i t h  s t ress  t ac t ics  em p l o y e d .
Sub ject c o m m e n t s  were  s o l i c i t ed  a n d  we i g h t e d  in c o n c l u s i o n s
obt  a i n e d .

1 1 



C. E N V I R O N M E N T

When r e s ea r ch ing  p a r t i c u l a r  aspects of an EEG , it is
important that responses be confined to the ones of interest

as much  as possible. Since h u m a n  sensors canno t  be
a r b i t r a r i l y  swi tched of f  or easi ly i sola ted , e v e r y  e f f o r t
was made  to ensure  that no irrelevant disturbance excited

these sensors.  Subjec ts  were placed in  a s ma l l  roo m
en cl osed b y fine wire mesh. Ligh t s  were  e x t i n g u i s h e d  except
for those essential in the tasking. Noise was maintaine d at

a minimum , and any conversation outside the room ~as covered

by the nearly white noise generated by the PD? 11/40 coolinc

f a n s .  Sub j ec t s  were seated c o m f o r t a b l y  in an easy c h air  a n d
w e r e  a l l o w e d  to pe r f o r m  t a sks  e i t h e r  in  a n  u p r i g h t  p o s i t i o n

or s l i g h t l y  r ec l ined .  Al l  these  e f f o r t s  were  in an  a t t e m p t
to avoi d myograms and aurally and visually evoked responses.

D . TilE A U T H O R ’ S  CON T R ~~B LJ T ION

The  a u t h o r  was  a c t i v e l y  engaged  as a oember of t h e  ~io
Team fo r  nea r ly  t w o  years .  The stress tac t ics, a s soc i a t ed
circu itr y ,  and other less significant accomplishments were

of the author ’s contribution. The number of hours of

research and time expended in analysis, both as a tea m

member and indiv idually are quite significant. Finally, all

the eguipment in the laboratory is maintained by i~embers of

the team , and the author has contributed in this area as

well .
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E. A DISCUSSIO N OF N E R V E  C E L L S

A nerve cell or neuron is a single cell which differs

from many other type cells in several ways , and most

importantly by being “excitable ”. It is capable of

t r a n s m i t t i n g  and receiving electrochemical impulses along

its m e m b r a n e , and  is the vehicle t h rough  which man is able
to move , sense , and su rv ive .  These impulses a long t h e
membrane are produced by a change in resting membrane

p o t e n t i a l .  This  p o t e n t i a l  is caused  by an excess n u m b e r  of

n e g a t i v e  ions accumula t ed  a l o n g  the i nne r  cell s u r f a c e  an d  a
corresponding number of positive ions accumulated just

outside the membrane surface. Development of an action

p o t e n t i a l  is caused by an ac t ive  t r a n s p o r t  of ions  t h r o u g h

t h e  m e m b r a n e  and a d i f f u s i o n  of ions t h r o u g h  t he  m e m b r a n e

due to concentration differences.

W h i l e  c cu i p le t el y  u n d i s t u r b e d , t h e  n e r v e  m e m b r a n e  r e m a i n s

at a r e s t ing  p o t e n t i a l  of a p p r o x i m at e l y  —85 mi l l i v o l t s .
H o w eve r , a n y  d i s tu rbance  w h i c h  changes p e r m e a b i l i t y  of t h e
m e m b r a n e  is l ikely to  cause a series of r a p i d  c h a n g e s  cal led
the  acticn po ten t ia l .  If p o t e n t i a l  is r a i sed  to a
t h r e s h o l d , the nerve  “ f i f e s” a nd an i m p u l s e  t r a v e l s  a long
the m e m b r a n e , and if th r eshold is no t r ea ch ed , t h e  m e m b r a n e
r e t u r n s  to resting po t en t i a l .

F igu re  1 g raph ica l ly  d i s p l a y s  t hese  c h a n g e s  in
potential. The absolute refractory period is one in which

the nerve cannot be further excited , and the relative

r e f r a c t o r y  period is one in which  it is not as eas i ly
exc i t ed .  Nerve  im pulses a r e  of cons tan t  a m p l i t u d e , b u t  can
vary in the number per second.  Areas  of t he  cu rve  labelled
d e p o l a r i z a t i o n  and r e p o l a r i z a tic n  r e f e r  to d i f f u s i o n  of

13
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sodium ions to the nerve interior and d i f f u s i o n  of po tass ium
ions from the nerve interior respectively . Not previously

mentioned is the fact tha t there is a diffusion of sodium

ions outward and po t a s s ium ions i n w a r d  t h r o u g h  s o d i um  and
potassium pumps that constantly work to maintain a proper

balance of these ions.

Nerves are joined together by junctures called synapses.

Figure 2 shows a greatly simplified motoneuron joined by two

other neurons—one excitatory and one inhibitory. Actually

there are h u n d r e d s  of o t h e r  neu rons  j o i n i n g  t h i s  on e

notone~iron , all t r a n s m i t t i n c  t h e i r  own f r e q u e n c Y  coded
message.  A n e u r o n  is e i the r  e x c i t a t o r y  or i n h i b i t o r y  and
cannot be both , although each is capable of receiving e i t h e r

t ype s ignal .

There are other characteristics which bear men tioning

here. Synap tic t r ansmis s ions  a re  r e c t i f i e d  d u e  to t h e
release of a chemica l t r a n sm i t t e r  a t  t h e  t e rm i n a l  ends  of

t he  incom ing  nerve f i be r .  If  the  c h em i c a l  t r a n s m i t ter  is
e x c i t a t o r y ,  the m e m b r a n e of t h e  r ecei v ing n e u r o n  is

depolar ized  whereas  if it is i n h i b i t o r y  i t  is
h y p e r p o l a r i zed. The axon  hillock algebraically su~ s all

i n p u t s  ( exc i t a to ry  and i n h i b i t o r y) . If th i s  sum r eaches
t h r e s h o l d , t h e n a new ac t ion  po ten t i a l is set up an  t h e  axon
hillock and propagates out to the next units in t~ie  c i rcu i t
chain . Figure 1 shows the way  the  e x c i t a t o r y  and  i n h i b i t o r y
effects may be summed. There is a spacial facilitation for

s imu l t a n e o u s  i npu t s  f rom several a x o n s  and  a temporal

facilitation wherein the incoming impulses are offset in

t i m e , Dut  fo l low one a n o t h e r  f a i r l y  c lose ly .

Figures 3 and 4 depict some a rrangements of these

junctures.

14
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III. PRQCEDURES AND ~IETHODS FOi~ OBTAINING AN EEG

A. LABORAT ORY EQUIP~1EN T U T I L I Z E D

Begi n n i n g  wi th  t h e  sub j ec t , a hel m et  wh ich  is a m o d i f i e d
rock  c l i m b e r ’s ha rd hat  is m o u n t e d  on the  head a n d  p r o v i d e s
a m e ans  of s ecu r ing  electrodes in f i x e d  posi t ions . The
hel me t has num be r ed holes  cut  in i t , and on each hole  is
mounted a circular disk which can be rotated and w h i c h  has
four threaded holes for electrode insertion. The electrodes

are made of specially machined ~ n d  threaded p lastic

cy l i n d e r s  w h i c h  house B e c k n a r .  sk in  elec t rodes .  C o n t a c t  is
c o m p l e t e d  b e t w e e n  the  encased sk in  e lec t rode a n d  s ca lp
th r o u g h  a s p o n g e — l i k e  m a t e r i a l k n o w n  as “S uca ~l o k” , a
Swedi sh  t r ade  n a m e .  This  m a t e r i a l  is s at u r a t e d  w i t h  a 0 . 3
mola r  s o d i u m — c h l o r i d e  so lu t ion , and a p p l i c a t i o n  of elec t rode
paste to the p r o t r u d i n g  t ip  ensu res  good e l e ct r o de— s c ~ 1p

con t a c t .

Electrical leads f r o m  t he  scalp e lectrodes  are  conn e cte ~
to a n e i g h t  channe l  d i f f e r e n t i a l  p r e a m p l i f i e r  w h e r e  t h e  EEG
signal is amplified to a usable level . These preamplifiers

are of superior quality. Amplification must be accomplished

w i t h  m i n i m u m  noise , m i n i m u m  d i s to r t ion  and  n o n — l i n e a r  phase
d elay . Sigr.als then proceed from the eight channel

d i f f e r e n t ia l  p r e a m p ii fi~ r to  a n t i — al i a s i n g  fi l t e r s .  A f t e r
filterin , t h e  ~ ianals are ap p r o x i m a t e l y  10 , 000 t~ iaes ia raer
th an w h e n  d~~tect ed at the  scalp e lec t rodes .  F r o m  the se
f il t :r s , t h e  s ignals  a re  fed in to  t h e  ana log  c o n d i t i o n i n g
element (ACF) where conv~ rsion from analog to d i r it a l  is
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p er f or ~n e d , and it is here t h a t  ca l lab le  p rogram f r e~ u ency
band paramete rs  are  set in accordance w i t h  the  N v ~ u ist

sampl ing  c r i t e r ion .  Uso , all c h a n n e l s  are  s amp l e d
simul t aneous ly  to avoid any a r t i f i c i a l  phase  de lay  be tween
channe l s .

Fi n a l l y ,  data is f e d  in to  t h e  Dig it a l  E l ec t ronic
Corporation ’s PD? 11/40 computer which processes and stores

information in real time, and has been most  s a t i s f a c t o r y  as
a central processor. It also controls two of the three

available data display units.

The HP—141B four trace s t o r ag e  oscil loscope d i s p l a y s
f i l tered analog da ta  be fD: e  s amp l i n g  b y t h e  ACE , and gives

early indication of excessive noise, equi pment problem s, and

ny o g r a m s .  Processed di g i t a l  data is displa yed  on a
Tekt r o n i x  storage oscilloscope cont ro l led  by the  P OP 11/L ~O.
Both of these oscilloscopes are closely monitored during a

run. The HP—70043 X— Y Recorder  p rov ides  a s m o o t h  ccpy of
research data and was used to plot all data figures

p resen ted  herein .

B. A P P L I C A E L  B R A I N  G E O G R A P H Y

Dat a presented is labelled according to the location of

electrodes relative to the brain . The majority of data

presented is recorded f rom the  soinatomoto :  area of the  moto r
cortex which is located in the posterior part of the frontal

lobe. Premotor is just forward of the motor area , an d the

most satisfactory electrode placement is called

“Motor—P remotor ”.

Other electrode arrangements are called “~1otor—~ otor”
and “Motor—Occip ital” . Motor—Motor refers to an electrode
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arrangement of one on the left motor area and one on the

right motor area. Motor—Occipital refers to one electrode

on the left motor area and one on the left occipital lobe

area.

C. P R O G R A M S  AND DAT A

Two p rograms  were u t i l i zed  in E R G w o r k —  T W O D E T  f o r  real
time signal processing and REPLAY for data analysis.

TWODET took signals from eight electrodes , averaged

them , a nd s u b t r a c t e d  th i s  a v e r a g e  f rom the  two e l ec t rodes  of
in te res t , whose signa l s  were  i nc luded  in the  a v e r a g e .  Th e
r e m a i n i n g  e lect rodes  w e r e  p laced a r o u n d  t h e  two of i n t e res t ,
and subtraction of the average seemed to enhance the si~ nals

detected . The r e su l t an t  t w o  sig nals  were  then b a n d pass
f i l tered a n d  cross m u l t i p l i e d .  T W ODET s tores  on a disk t h ~
processed data from each of the two electrodes of interest ,

the cross multiplication trace, and the performance trace.

The performance trace contained historical data on subject

p e r f o r m a n c e  whi le  engaged in a task (descr ibed l a te r  u n d er
stress tact ics) . P lo ts  e n t i t l e d  “C o r r e l a t i o n  P l o t”  are
p rcduced b y  a p r o g r a m  called R E P L A I . V A R .  T h i s  prog:a~
computes a cycle by rycle integration of the cross

m u l t i p l i c a t i o n  t race  d i s p l a y e d  by  T W O D E T .  R e s u l t s  of  t h i s
are plotted as a dot for each second of data. A complete

disk of TWODET data contains 600 seconds of data which is

subdivided into 100 second i n t e r v a ls . T h u s , a correlation

plot con ta ins  600 dots and also the mean and standard

deviation is computed and displayed for each 100 second

segment or part as it wil l  be t e r m e d  h e r e i n a f t e r .

REPLAY is act~ially a series of programs which ~.llow the

viewer a variety of means of analysis and plotting data.

21
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All of t h e  TWODET plots p resen ted  in t h e  da ta  were  p loz t .~d
u t i l i z i n g  R E P L A Y . P L T , and as m en t ioned  above , the
cor re la t ion  plots were obtained utilizing REPLAY.VAR.

In the data p r e s e n t a t i o n , t he r e is discussi on of th e

“tegu les ” . The id eal b a n d p a s s  f i l t e r i n g  necessa ry  fo r
isolating t€gules of a certain frequency range is easily

done after obtaining a OFT of t h e  Z E G . One  s impl y sets all
t h e  complex spectral componen t s  which  are not of i n t e r e s t  to
zero.  Upon t ak ing  t he  i n v er s e  t r a n s f o r m  (IF T )  one ob ta ins  a
time domain record containing a sequence of teg~iles. It is

to be unders tood  t h a t  c e r t a i n  p r e c a u t i o n s  ar e  t a k e n  to avo id
end effects and other possible distortions. Tegules can be

observed on any of the TWODET data trace 1 or 3 plots

contai ned he re in .  [ R e f  1)

0. PREPARATIONS FOR AN ERG

Pr ior  to o b t a i n i n g  an E R G , co nsidera ble a t t e nt i o n  was
de v ot ed to eq u ipme nt , en s u r i n g  t h a t  i t  was  e n e r g i z e d , wa r ned
up, and operating correctly. All possibl e checks were m a d e
p rior to m o u n t i n g  e l ec t rodes  on the s u b j e c t , a nd n e c e ss ary
documentation was started. The pro~ raai TWODET was called

out , and a t r ia l  r u n  was m a d e  to e n s u re  t h a t  the  p r o c r a m  r a n
correctl y and  t ha t  m o n i t o r i n g  equi p m ent  p e r f o r m e d  we l l .
Tea m memb er  a s s ignments  were made for control of the

compute r , pe r iphe ra l  e q u i pm e n t , and d o c u m e n t a ti o n  of the
r u n .

G r e a t  ca re  was t a k e n  in p rope r ly  m o u n t i n g  e lect rodes  on
the su b j e c t  in t h e  proper  locat ion a n d  t h e  a r r a n g e m e n t  was
checked by another team m e m b e r  f o r  a c c u r a c y .  F i n a l l y ,  tri e
su~~j ect  ~as sea ted  in the screened room and a trial run was

made as a final chec k prior to sta rting the actual run. If
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any electrode appeared no isy on the monitor scope , or if 60

Hz interference was observed , e~ uipm9nt a n d  e lectrodes were
checked again.

W o r k i n g  as a t e a m , cons ide rab le  e f f i c i e n c y  was o b t a i n e d ,
b ut  if s o m e t h i n g  d id  not w o r k  as it should  have , a l l  e f f o r t s
on the EE C were s topped  and  m a x i m a l e f f o r t  was a p p l i e d  to
f i r.d t he  p roblem . Data  w a s  neve r  r ecorded  if a n yt h i n g  w a s
incorrect  becaus e such d a t a’ w ould  ha v e bee n of n o va l u e to
re sea rch .

E. MONI TORING THE ERG

Even thoug h preparations were extensive , monitoring the

EEC in progress was considered to be of equal importance ,

and if anything malfunctioned , the run was aborted . Use of

the two oscilloscopes described ea rlier made it a simple

matte r to observe progress , and in fact if a sub ject

produced too many myograms , the data was discarded and the

run was b e gun  a g a i n .  The care  w h i c h  w e n t  into g a t h e r i n g  E R G
dat a can n ot be overly emphasized , and it was felt, that data

obtained was as pure as possible and free of

artificialities.

F. DATA ANALYSIS

Every second of data was viewed and analyzed utilizing

the series of REPLAY programs discussed earlier. Experienc e

obtained through such analysis enhanced recocnition of

certain factors discussed later in the data presentation ,

H and recognition of stress frames becane .~uite simple.
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In the data p r e s e n t a t i o n , the re is a d i scuss ion  of
Correlation plots and TWODET data plots. The correlation

plots were considered pertinent because they indicated the

departure of the mean from a zero reference . The TWOJET

data plots each display one second of data as discussed
earlier , and it was here that the majority of time in
analysis was spent. Performance is also discussed ani some

performance data is presented in units of time. These tines
were obtained by measuring all frames in a given run and
determining the average time required for the subject to
perform the task , which is described later.



IV.  S T R E S S  D E F I N I T I O N  AND D I S C U S S I O N

A. GENERAL

D i ct i o n a r y  d e fin i t i o n s  of stress, f r u s t r a t i o n, f at i ~~~e ,

a n d  t e n s i o n  d i s t i n g u i s h  one  f r o m  the  o t h er , b u t  a c o m m o n
r e s u l t  of these  c o n d i t i o n s  is a d e g ra d a t i o n  of p e r f or m a n c e
w h e t h e r  p h y s i c a l  o r m e n t a l . For p u r p o s e s  of t h i s  p a p er ,
stress is d e f i n e d  in t h e  b r o a d e s t  sense , en c om p a s s i n ~ al l
t h e  t e r m s  ab ove .  A n y  t i m e  a t r a in e d  o p e r a t o r  is ~in a b le  t o

p e r f o r m  a sk i l led  moto r  t a s k , w h a t e v e r  t h e  r eason , it is

cons ide red  to  be  due to s t ress, e x c l u d i n g  o b v i o u s  p hy s i ca l

a i l m e n t s .

B. SO~1E C O N S I D E R A T I O N S

P h y s i o l o g i c a l l y ,  th e r e  are  a m a s s i v e  n u m b e r  o f  a s p e c t s
to cons ide r  w h e n  a t t e m p t i n g  to discuss s t ress .
Endoc r i n o l o g y ,  and  specif i cal ly  the f u n c t i o n  of t h e  a~~r ena l
me d u l l ae  a n d  associated secret ion of e p i n e p h r in e  a n d
norepinephrin e are pertinent considerations. The effects of

these  ho r m on e s  on neurotransrnjtters are discussed in Ref 2,

b ut tne  phys io log ical e f fec t s of o t h e r h o r m o n e s  a r e  more
directly related to stress and are discussed below.
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C. THE ADRENAL CORTEX

The ad rena l gla n ds lie at t h e  sup er i or p oles of t he t w o
kidneys and are composed of the adrenal medulla and the

adrena l  cor tex .  The ad rena l cor t ex  secretes an e n t i r el y
different group of hormones from those secreted by t h e

medulla and these are called corticosteroids.

Corticosteroids are further classified into two m a j o r  t ypes
called mineralocorticoids and ~lucocorticoids.

Glucocor tico ids  a re  p a r t i c u l a r l y  im p o r t a n t  in h e l p i n g  a
pe rson resist d i f f e r e n t  types  of stress. ~ost
gl u coco r t i c o i d  act iv i ty  of t he  a d r e noc o r t i c a l  s e c r e ti on s

results from the secretion of cortisol with a s m a l l  amo un t
provided by corticosterone a n d  c o r t i s o n e .  Cor t i so l  in t u r n
e f f e c t s th e  m e t a b o l i s m  of c a r b o h y d r a t e s , pro te ins , a nd f a t s .

The best known metabolic effect of cortisol is its

ability to stimulate gluconeogenesis by the liver as much as

ten  f o l d .  As a resul t  of th is  increased glucone.ocenesis ,
there is an increase of glycogen in liver cells but

co n c e n t r a t i o n  in c the r  cells of the  body  is no t  in c r e a sed
and m a y  in fac t  even  be d e c r e a s e d .  g luc o se  u t i l i z a t ion  by
the cells is also slig h t l y  decreased which nay be a result

of enhanced utilization of fats , as discussed below . Clood

glucose concentration therefore rises and this is cal led
ad renal  d i abe te s .

Co r t isci reduces  p r o t e i n  s tores  in all body ce l ls  except
those of the liver and gastrointestinal tract . This is

caused by a decreased rate of protein anabolism and ar.

increased rate of protein catabolism . The me chanism which

ca uses t h i s  is c o m p l e t e l y  u n k n o w n , h o w e v e r .  A n o t h e r
e x c e p t i o n  to p ro te in  de p l e t i o n  is t h e  p lasm a p r o t e i n
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concentration. Cortisol is capable of enhancing both amino

acid transport into liver cells and liver enzymes required

for protein anabolism , and this is believed to be the reason

for the prctein concentration exceptions mentioned above.

Since there is an incroased catalysis of cellular proteins,

there is an increase in blood amino acid concentration ,

which might play a valuable role in providing an available

s u p p l y  of a m i n o  acids in t i m e  of need .

S i m i l a r  to the  am i n o  acid m o b i l i z a t i o n  f rom e x tr a hep a t i c
cells by cc r t i so l, th ere is a m o b i l i z a t i o n  of f a t t y  aci~ s
f r o m  adipose  t issue w h i c h  in t u r n  i nc rea se s  c o n c e n t ra t i o n  of
unest erified fatty acids in plasma , and increases t he i r
utilization for energy. Thus , cortisol shifts t h e  m e t a b o l i c
systems of cells from utilization of glucose to utilization

of fatty acids for energy.

Secretion of corticotropin or ACTH by the

a d e n o h y p o p h ysis ( a n t e r i o r  p i t u i t a r y  g l a n d )  s t imu l a t e s  t h e
r elease of cortisol, corticosterone , and certain other

ho r m o n e s  by t h e  adrena l  cor tex .  A l t h o u g h  c o r t i co tr o p i n  is
c o n t i n u a l l y  secre ted  by t h e  a d e n oh y p o p h y s i s , the  secretion

can be i nc reased  as much as t w e n t y f o l d  by  p hy s i o l c~ ical
stress.  As the  level of cortisol concentration in the blood

rises, it causes negative feedback to the adenohy~ophysis

which in turn reduces secret ion of corticotropin. ~his

feedback system is not completely understood , but cortisol

may have an effect which is the feedback stimulus rattier

than acting directly on the adenohypophysis. Almost any

type of stress causes an immedia te inc rea se in corticotropin

secretion which is rap idly followed by increased

adrenocortical secretion of cortisol. The significant

be n e f i t  of t h i s  process is not clear , b u t a t heo ry  o f f e r ed

in R e f  3 is tha t  t h e  g lucocort i co ids  cause  r a p i d
m o b i l i z a t i o n  of f a t s  and  a m i n o  acids f r o m  ce l lu l a r  stores
and makes t hem a v a i l a b l e  f o r  s y n t h e s i s  of o ther  c o m p o u n d s
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needed by different tissues of the bod y.

The reason for  the  above  discussion of h o r m o n a l  ef fec t s
is that modifica tion of their levels are taken as a d e f i n i t e
and objective physiological sign that the individua l is

undergoing stress. It is also recognized that if trie

individual is able to respond with appropriate changes of

the adrenal cortex hormonal levels, he is better able to

resist during a stressful situation , although his resistance

may take several days to build up. On the other hand the

release of norepinephrine and epine phrine is a short tern

event  b u t  usual ly  also helps the  i n d i v idu a l  to  combat
stress.
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V. STRESS DETECTION THEORY

A. GENERAL

I n some people , the  p r e s e n c e  of stress and t h e  in~ act
which  i t  m a y  h a v e  on a d e m a n d i n g  zas~ such  as c o n t r o l lin g
a i r c r a f t  is not easi ly  discerned u n t i l  a m a j o r  c a l a m i t y  has
occurred . It is the  a u t h o r ’ s opi n ion  tha t  t h e  bo th  the
mecha n i sm s  and t e c h n o l o g y  are  p r e s e n t  to q u a n t i t a t i v e l y
de f i ne and detect stress. t h r o u g h  t h e  E E G , obse r v a t i o n  of
brain activity and response sig natures as discussed in ~ef 4

is made possible. Further , modification of these signatures

or patterns should be just as easy to identify at this

poi n t , a nd in the f u t u r e  i t  should  be q i i t e  an easy t a sk  to
det ect t h e  p r ese n ce of str ess , and also the degree of stress

experienced . For those pe r sonne l  da i ly  e n g a g e d  in
activities which re~ uire both tremendous motor coordinati on

skill and continuous decision—making, a pattern peculiar to

tha t i n d i v i d u a l  could be m a d e  to  be u t i l i ze d  as a b as i s  f o r
de tec t io n of s tress.  From t ha t  t i m e  o n w a r d , t h r e sho lds
could b e  set w h i c h , if exceeded , wo u ld  be an exac t
in d i c a t i o n  of stress too great to p e r m i t  the  assoc iated
r e s p o n s i b i l i t y .

L _ _ _
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B. SPECIFICS

In the  data presented , f o u r  f a c to r s  a re  discussed w h i c h
provide an insight to detection of stress. The first is

activity of the cerebral cortex as sampled by electrodes

placed on the individual’s head. The second is observation

of the cross— m ultiplication of these two electrode traces,

a nd the  r e su l t ing  p a t t e r n s .  T h i r d , pe r f o r m a n c e  of a simpi e
task is observed and recorded a long  wi th  the  e lect ro~ e
a c t i v i t y  samples.  Four th , co rr e la t ion of r ecor ded d a ta is

shown to also be an ind ica t ion  of a s t ress fu l  s i t u a t i o n .

Time r e q u i r e d  to place elect rodes and record a n d  ob serv e
da ta in  a non—research  e n v i r o n m e n t  could easily be  c o n f i ne d
to a pe riod of only a v e r y  f ew  m i n u t e s — p r o b a b l y  close to
f i f t e e n  or so fo r  an expe r ienced  g r o u p .  he p o t e n t i a l
sav ings  in lcss of e q u i p m e n t  and li ves would m o t e  t h a n
off set ccst of such a s y s t e m , and bo th  m i l i t a r y  a n .~ i n d u s t r y
sh ould r eap  t r e m e n d o u s  b en e f i t s .
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V I .  STRESS TACTICS

A. GENERAL

The Bio Team has des igned  a t a s k i n g  system w h i c h  is
u t i l i z ed  in the c o n d u c t  of E EG ’ s. R e f e rences 5 and 6
descr ibe t h e  s y s t em  in de t a i l  and only  a brief o u t l i n e  is
given  here .

Whi le  seated in a screened roo m , t h e  sub jec t

c o n c e n t r a t e d  on a dot d i sp l ayed  on a CR0 which  was r a n d o m l y
d isp laced.  The sublec t  a t t em p t e d  to m a i n t a i n  t h e  dot  in a
cen te red  pos i t ion  using a con t ro l  s t ick m oun ted  on h i s  r i~ ht
side. P reguency  of the  r a n d o m  d i s tu rbances  was set by a
p o t e n t i om e t e r  in t h e  clock c i rcu i t , and t h i s  f r e qu e n cy  was
t e rmed  “clo c k — r a t e ” . The  clock con t ro l l ed  t h e  ra te  of
ope ra t ion  of a b a n k  of s h i f t  regis ters .  Also c o n t a i n ed  in
the t a sk ing  c i r cu i t ry  were  5 Hz and 7 Hz s ine  wave
osc i l la tors .  When a ce r ta in  c o m b i n a t i o n  of s h i f t  r eg i s t e r
o u t p u t s  occurred , the ou t p u t s  of the osci l lators  were
s i m u l t a n e o u s l y sam pled , and the  dot was  d isplaced in the  I
(roll)  and Y (p i tch)  d i rec t ions  a c c o r d i ng l y .  Thus , b o th  the
occurrence of dot d i sp lacement  and the  amount of

displacement appeared to be r a n d o m .  The  cont ro l  stick
served as a single control over roll and pitch and

configuration was such that any person could easily learn

the task in a very few minutes. Thus , in order to create a

stress s i tua t ion , the  t a sk  was  m a d e  more  c h a l l e n g i n g  by
increased  clock r a t e s, cont ro l  reversa l , and a p p l i c a t i o n  of

e lectr ic  shock.
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B. CLOCK R A T E

The simplest tactic to employ is a change in clock rate

w h i c h  r e su l t s  in a c h a n g e  in f r e q u e n c y  of p ip  d i s p l a c e m e n t s .
Clock ra te  is ad jus t ab l e  f r o m  0 . 8  to 21 Hz , but  o n l y  t h e
range f r o m  0.8 to  a p p r o x im a t e l y  3.~~ ~z is wi th in  the  re a lm
of reason f o r  subjects .  Above  3 .0  Hz , sub jec t s  had a
t e n d en c y  to  ignore  tasking altogether . The two frequencies

most commonly emp loyed were 1.5 Hz and 2.3 ~z.

C. CONTROL REVE RSAL

I nse r t ion  of a d o u b l e — p o l e , do u b l e — t h r o w  sw i t c h  in t h e
rol l a nd pi tch o u t p u t  c i r cu i t s  made  it an easy m a t t e r  to
confuse  a sub jec t  o t h e r w i s e  secure in h i s  cont ro l  of t h e
task .  E f f e c t i v e l y ,  the  CR0 was r o t a t ed  n i n e t y  deg ree s
c lockwise , but  t he  subject  had to rea l ize  and  c o m p e n s a t e  for
t h i s  i n s t an t a ne ou s  change  w h i c h  took place at p r e d e t e r m i n~ d
i n t e r v a l s  d u r i n g  a run .

D. E L E C T R I C  SHOCK

Elec t r i c  shock proved to  be the  most  e f f e c t i v e  and most
d i f f i c u l t  tactic in  i n d u c i n g  stress. When  p rope r ly  app l ied ,

• i t  was f o u n d  t h a t  no sub jec t  ever  c on p l e t e l y  a c c l i m a t e d  to
it , and  i n t e r v i e w s  w i t h  s u b j e c t s  c o n v i n c e d  the a u t h o r  tha t
it was  a most e f f e c t i v e  m e a n s  of i neu c i n g  stress.

A s im p l e  ar r a n g e m e n t  of t w o  cascaded “555” t i m i ng ch i n s
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W

and associated RC ne tworks  was u t i l i z ed .  A twelve  volt  d r y
cell pro vided the  i n p u t  v o lt a g e , and  an i n e x p e n s i v e  a u d i o
t r a n s f o r m e r  was employed  as e s t e p — u p  device , a l t h o u g h  the
original intention was only that it be an isolation device.

Referring to Fig 5, chip A drives chip B at a 4 Hz rate.

Chip B has a 30 Hz output of nearly 12 volts into the

transformer secondary winding. Output of the transformer

(Fig 6) is a distorted square wave which measures 20 volts

peak—to—peak.

Two Beckman skin electrodes were mounted on a piece of

plexiglas , and tape secured the arrangement to the rubject.

Most commonly, these electrodes were placed on the sublect ’s

left upper arm in a spot which , when energized , caused
twitches cf the biceps.

P r i m a r y  di f f i c u l t y  w i t h  t h i s  a r r a n g e m e n t  was a t e n d e n c y
to pick up stray 60 Hz signals and an associated sensitivity

to elect r o d e — s k i n  r e s i s t a n c e .  Both p r o b l e m s  were  overcom e.
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VII . DATA PRESE~ TATI0N

A. FIL~ST 1WTOR—PRE~0TOR RUN

1. General

The m o t o r — p r e m o t o r  e lec t rode  a r r a n g e m e n t  has been
sho wn to be t h e  best for  m e a s u r i n g  co r t ex  a c t i v i t y  at t h e
p r e f e r r ed  f r e q u e n c y  of 7 0 — 9 5  H z w h i l e  e n g a g e d  in a t a sk , as

-discussel in Ref 6. For this reason , it was honed that

stress would be equally detectable in the same frequenc y

band , at the same location .

2. Correlation Plot

?i g u r e  7 shows co r re l a t ion  f o r  a n o n — s t r e s s  r u n  ari d
F ig 8 shows  co r r e l a t i on  for  a stress r u n .  S c e nar i o s  ~ ?re
otherwise ident ical for each r u n  so that comparison of th~
two was simplified. Note that correlation for the stress

run was significantly higher tha n for the run without

stress. ‘

~

3. TWODET Dat a

N
Up to this point , the sub ject had been exposed to a

rando m combination of clock rates, stick reversals , and

electric shock of various length periods. Electric shock

36
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intervals were chosen on a purely aroitrary basis and little

thought was give n to task relation. As a result , the

sub~ ect seeming ly became r.early acclimated to electric

shock , at least to the point ~hat it no longer interfered

with his performance , and Fig 9 shows typica l results.

Later runs present ed display traces of greater magnitud e,

and as a result it was -decided that the subject was not

truly stressed in this run.
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B SECOND MCTOR—P PEMOTOR RUN

1. Correlation Plot

a. A Change In Stress Tactics

At this time it was decided to record b t h

stress and non— stress data on a single lisk in order to

eliminate as many variables as possible. Also , a new method

for applying electric shock was employed. Simply stated ,

each time the dot was displaced , the subject received a

shock of approximately 250 milliseconds duration . Pip

displacements are noted by a marker as annotated on Fig 11 .

Clock rate was maintained at a constant rate.

b. Results

Results of the changes cited above were

dramatic. Figure 10 clearly shows marked differences

between runs. Note that all stress runs were greater than

one standard deviation above the zero line. This data was

recorded with the same subject as all previous data

presented , and this was considered a departure point upon

which a realistic comparison could be made with other

subjects in st’ress detection.

2. Non—Stress TWODE~ Data

As a basis for comparison with following plots , Fig

41
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11 shows a very typical non—stress plot. The smooth

well—defined performance trace is an early indication of

gocd non—stressfu l re-action. Tegule size and the maximum

peaks recorded on trace 2 should be kept in m ind when

viewing the stress plots which follow.

3. Stress TWODET Data

a. Discussion

Figures 12 through 17 are of data recorded

during stress application , and each depicts poor

performance , significant tegules, and  large positivc peaks

on trace 2. Note that in some figures , the subject

displaced the dot so far from center that trace ~ saturated.

b. Performance

As anticipated , performance was degrad ed by

stress. In crder to ensure tha t true results were recorded ,

performance times wi th stress are indicated first for all

frames , then for only the fra mes in which the subjert had

normal stick control (all non—stress parts were with normal

stick cantEd )

1. No Stress 0.43 s

2. Stress 0.66 s, Normal Stick 0.72 s

3. No Stress 0.45 s

~e.  Stress 0.62 s, Normal Stick 0.63 s

5. No Stress 0.46 s

6. Stress 0.61 s , Norma l Stick 0.56 s
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As in any learning process, the decreasing trend

in performance times (indicating improved performance)

suggests a possible acclimation to stress tactics as was

experienced earlier.
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C. THIRD MOTO B—PREMOTO R FdJ N

1. Correlation Plot

A different subject was utilized for this run and

results of the correlation (F ig  18) were as expected in t~ e

first two parts. The subject stated that he only felt

stressed in the first stress part and that the electric

shock did not distract him in parts D and F. The me ans for

these two parts would be consistent with his comments.

Performance data which is presented Iat-~: indicated that ~~ e

subject was more distracted than in the other t w o  st r ess

parts. As in the last run presented , all data was reco:~ ed

on a single disk.

Note that the no stress parts display increasing

means while the stress parts display decreasing ~ieans o~
correlat ion.

2. Non—Stress TWODET Data

Figures 19 and 20 display typical non—stress olots

while actively centering the dot and while simply holding

the dot in one position , respectively. Tegul e size and

trace 2 c r o s s — m u l t i p l i c a t i o n  size are quite normal for runs

with no stress applied and are useful for comparison wit h

subsequent stress data.
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3. Stress TWODET Data

a. Discussion

Figures  2 1 , 22 , and 23 are of data recorded

dur in g stress appl ica t ion and  each s h o w s  si~ n i f i ca n t1y
larger t’~;ules and saturation on trace 2. Fig u r e  22 is
a o t a~~e-~ on trace 4 where a dot displacemen t by the sub-~~zt

is seen. 5uch displacement s were observed fre~~ienzly an d
m a y  he a n in c~ication of an unsteadr hand due to stress.

b. Performance

Even though the subject stated he felt no stress

in t he second t wo par t s , performance indica tes otherwise.

A g a in , all non—stress parts were wit h normal stick. Also ,

for the stress parts , two figures are again presen ted-an

average  of all f r a m e s  a n d  t h e n  an a v e r a g e  for  o n l y  those
frames with normal stick control.

1. No Stress 0.54 5

2. Stress 1.93 s, Normal Stick 0.82 s

3. No Stress 0.62 5

4. Stress 1.03 s, Norm al Stick 0.914 ~

5. No Stress 0.59 s

6. Stress 1.53 s, Norma l Stick 1.40 S

Note that of the ~tr~ ss parts , the subject ’s
performance was better in the part he stated W a S  truly

stressful. The second two stress parts , w h e n  he  f e l t no
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stress , indicated significantly poorer performance when

only the normal stick times were considered . 
It is

interesting to speculate that the subject was 
not aware

of being stressed and thought his performance 
to be

• unaffected.
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D. ~10TOR—0CCIPITAL RUN

1. General

An earlier run was made with electrodes placed on

the left motor and left occipital areas of t~~e brain ~o

determine whether stress could be detected ‘il~-h this

electrode arrangement.

As in the first motor—pre notor run , two runs w are

actually recorded— one without stress and one with s~~:~~ss.
Scenario s were otherwise identica l for each run.

2. Correlation Plot

Figures  214 and  25 a re  the  no stress a n d  ~zr ~ ss

correlation ~1ots respectively . Not e the lower m eans in the

stress run which is opposite to results obtained wil-h the

uiotor—premotor electrode arrangement. The largest

separation of means occurred in parts D of the two ~ypes of

H run , and was possibly -due to a greater requi :~ nent to

concentrate with reverse stick. The parts it~ which the

subject was tasked by a fast clock were rot significantly

different which nay indicate tha t the fast clock required

more work but no more concentration than a slow clock rate.

• 3. Non—Stress TWODET Data

Figure 26 is a typical plot recorded when the

subject was simply holding the dot in a centered position
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and Fig 27 is typical of data recorded when the subject was

actively engaged in centering the dot. Tegules and cross

multiplication peaks are considerably smaller than those

displayed in the stress plots which follow . Also note that

performance was accurate with no uncertainty or wavering

displayed.

4. Stress TWODET Data

~‘iaures 28 through 31 were recorded during the

s tr ess  run , and tegules are significantly larger. The cross

mul tip licatic n traces show saturation in places indicating

that large tegules were either in phase or nearly 130

d~ cre~ s )‘at of phase , but the teguies were not saturated.

5. 2La~n~~

deferenc e U showed average performance times for an

i~ entical run with no stress. These are listed below 110n 7
with the stress run average times re;uired to zero the dot

afteL i!splacement. In every case, pe rformance was degraded

by the inducement of stress. One other important point

noticed here was the effect of biofeedbac k (3FR) which

reduced run—to—run stress times when present .

1. Normal Stick , EFB: No Stress 0.149 s, Stress 0.62 s

2. Normal Stick, No SF8: No Stress 0.48 s, Stress 0.74 s

3. Reverse Stick , 3F3: No Stress 0.75 s, Stress 0.87 s

-
• 

4. Fast Clock , BFB , Normal Stick: No Stress 0.50 s,

Stress 0.62 s

5. Fast Clock , No 8FF , Norm al Stick : No Stress 0.~47 s,

Stress 0.69 s
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The No Stress times listed were an average of

several runs. Individual data from a single run of

approximately the sane time frame agreed with times listed

with one exception. The reverse stick No Stress tine was

0.95 s. This was longer than the stress time recorded.

Note that in Fig 31 , the subject perhaps ceased to care

about his performance.
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E. MOTO R—MOTO R RUN

1. General

A final electrode placement was tried with

ele ct rodes placed on the  l e f t  and  r i g h t  motor  a reas  of the

brain. As with the motor—occipital run , two runs were

actually recorded — first without stress, then with s-ress.

Since the left arm was receiving the electric shock , it was

t hc u g h t  t h a t  the r i gh t  motor  area  m i g h t  show more  a c t i v i t y .
Such was not the case , however.

2. Correlation Plot

Figure 32 is the correlation plot for the run

without stress and Fig 33 is with stress. In every case,

correlation was lower in magnitude with stress, but not as

significantly as was observed with the motor—pre motor

ele ct rode  a r r a n g e m e n t .  It is in t e r e s t in g  to s p e c u l a t e  tha t
pe rhaps  t h e  l a rge  n e g a t i v e  co r r e l a t i on  w i t h o u t  - stress

indicated communicati on , without delay, between

corres ponding righ t and left motor areas.

3. ~WODET Dat a

Figures 34 and 35 again display the large tegules

and trace 2 peaks, but these were exceptional. The majority

of the data did not contain these large peaks and t~-i is

electrode arrangement was therefore not used in additional

r u n s .
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VIII. DISCUSSION AND CONCLUSIONS

When attempting to conduct an EEG analysis there are so

many variables to be considered that only very careful and

elaborate laboratory procedures are permissible if any -

meani ngful and reproducible data is to be collected . A

major effort is ex pended in this laboratory in just such

car e, and laboratory procedures utilized are the result of -
much time , effort , and experience of many people.

Controlled procedures and reproducibility were considered to

be of primary importance while maintaining an open m in d

about all possibilities. Much of the publicized literature

on ERG research is very narrow in scope and some of it,

through omission, infers invalid conclusions. Exemplary is

the never-ending wor k at frequencies below 20 Hz, which is

marvelously narrow in scope. Reference 7, however , states

that significant activity exists well above 50 Hz. All data

presented by the author was recorded in the 70—95 Hz band

which represents the “preferred frequency” while perforning

skilled moto r tasks.

Data gathered indicates that detection of stress

utilizing the SEG is indeed possible. Moreover , there are

four indica tors of the presence of stress, but not all four

are necessarily appl icable to each subject.

The first stress indicator is the larger sized tegules

on the recorded traces of brain activity. In every case

recorded , comparison with non—stress recordings showed these

stress traces to be larger and more defined in appearance.

The second stress indicator is the presence of large
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peaks on the cross multiplication trace. These are

considered significant because they indicate a close

coincidence of tegules either in phase or 180 degrees out of

phase.

The third indicator is the observation of differina

magnitudes of correlation means. The differences are not

necessarily in the same direction from one subject to

another or one electrode placement to another , but

differences do exist.

The fourth stress indicator is the neasu:ement of

performance . A trained subject eventually reaches a peak of

performance an~ with some tolera nce will normally achieve

that same leve l of performance. However , witn the
inducement of stress, the nerforma nce is consistently

deteriorated . Thi s was demonstrated in t u e last set of data

when the subject had voiced the opinion of not having been
stressed. The fact that performance was deg raded
demonstrated that the stress tactics employed were

effective.

A co mpar ison  of E io feedback  (EF B)  in s t res s f u l
situations seemed to show that performance wan enhanced with

BFB in these stress runs and was enhanced more dramatically

than in non—stressful runs.

Generally speaking, the task related respon se signature

discussed in Ref 44 was either eradicated or masked by stress

response, and this may be an indication of stress regardless

of amplitudes.

Electrode placement and frequency band may be critical

in stress detection. Certainly, electrode placement is

important. It is possible tha t future work ~ay show stress

indicators in frequency bands other than 70—95 Hz.
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IX. RECOMMENDATIONS FOR FUTURE RESEARC~!

If more research is conducted or. stress d-etection

utilizing the ERG , there are a number of primary areas which

should be investigated. First of these is frequency because

there may well be other frequency responses which are

indicative of stress, and may even be frequencies peculiar

to various types of stress such as mental and physical.

Othe r e lec t rode  loca t ions  m i g ht p rove  super ior  in stress
detection , particularly since some areas of the brain n’ay be

affected more than others 5” stress.

Further investigation of the atotor—premotor electro-~e

placement in a search for stress patterns may also prove

interesting , although the author was unsuccessful in

disce rn ing  even a c o n t i n u i t y  of i n d i c a t o r s — mu c h  less a

pattern.

Finally , the possible enhancem ent of performance under

stress  by Biofeedback is a most i n t e r e s t i ne  area  to
investigate.
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