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VISU1~LLY EVOKED BRAIN POTENTIALS
AS AIDS IN DISPLAY DESIGN

Dr. Robert D. O’Donnell
Lt. Ccl., USAF

Aerospace Medical Roscrach Laboratory
Wright—Patterson AFB , OH 45433

Mr. Ronald J. Spicuzza
Systems Research Laboratories , Inc~~2800 Indian Ripple Rd. -~

Dayton , Ohio 45440

ABSTRACT only an end-product orientation with
respect to how well the human can per—

The electrical activity of the brain form , but to enter intensively into the
in response to a visual scene is being process involved in achieving a given
used as an adjunct to measurement techni- level of performance . Behavioral mea-
ques in several human engineering and sures such as reaction time , percent—
medical applications. Recorded from correct, tracking describing functions ,
electrodes placed on the subject ’s scalp, etc., enter into performance processes
this ‘evoked potential’ sensitively indirectly , if at all , and usually are
measures the way that the human responds applicable to a very narrow range of
to differing presentations of the out— performance . What is needed as an
side world. It permits evaluation of adjunct to these techniques is a general ,
the effects of changes in the sensory direct measurement of the subject’s
qualities of a displayed scene , as well performance under a given system. Pref-
as the cognitive demands and response erably, such a measurement technique
requirements of a specific task. As should be able to reflect the subject ’s
such , the evoked potential provides a reactions to physical attributes of the
unified metric which allows the engineer— system (size , shape , color , weight , etc.),
ing psychologist to assess the total cognitive demands imposed in interacting
requirements placed on the subject , from with the system (information processing ,
sensory input to motor output. Several decision making , memory, etc.), and the
studies are reported utilizing this motor requirements of the system
technique to answer questions of display (strength , speed , accuracy , etc. of the
design and operator perfoimance . For response required) . This Utopian goal
the future , improvements in recording may never be achieved with a single
and analysis should allow this technology metric. However , we believe that one
to move from the laboratory to the field , technique , the evoked potential (E.P.)

• and permit rapid assessment of such sub— of the brain , approaches the above
jective factors as fatigue , attention , requirements , and promises a fertile
psychological distress and other poten— field for future research and applica-

• tially dangerous operator states. tion.

INTRODUCTION The evoked potential is the electri-
cal activity of the brain which is

The behavioral metrics typically produced , or evoked , by a discrete
used by engineering psychologists to event. In order to isolate this
assess man/machine interactions have response , we typically expose the sub-
proven their validity and reliability ject to a single stimulus , and simul-
over many years of application. However , taneously record the electroencephalo—
as the sophistication of operator systems gram (EEC) . The brain ’s response to
increases, we find ourselves faced with that stimulus is extremely small
the need to provide increasingly finer relative to the on-going background EEC ,
measurements in order to answer more which can be considered “noise ” in this
and more complex questions. It is no context. This is an unfavorable signal—
longer adequate to decide that perfor— to—noise ratio which can be improved in
mance is or is not better with a given severa] ways. rhe most common technique
display or equipment design . Engineers involves presenting the stimu]us many
and planners now need to know w~)~ a given times and averaging the EEG in a time-
system is different , no that they can locked way immediately after each pre—
intelligently determine tradeoffs with sentation . This reduces the rafldomly
some other aspect of a complex design. occurting EEC “noise” to a theoret-ical
In effect, it is necessary to adopt not zero , and allows the real “evoked
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7 - ----- — --



potential” to be seen c]r~arly. Typically, The second major segment of the VER
a strong stimulus will produce a clear extends from about 250 to 500 millisec—
EP with less than 32 sLirnulations. In ends , and seems to be exquisitely
the case of the visuall y evoked response , responsive to what has been called ‘ pro—
the EP will measure 10 to 20 microvolts cessing sensitivity ” . In particular ,
peak—to—peak , and will develop from a one peak (the P3 or P300) appears sensi-background EEG of up to 200 microvolts. tive to changes in the information pro-
Since most of our applications thus far cessing demands being made on the subject.
have involved visual stimuli , we will Several studies have indicated that
limit our discussion to the Visually enhancement of this peak is uniquely
Evoked Resporie (VER). However , similar associated with the occurrence or expec-
applications are being made for re— tation of a signal , or with its correct
sponse s evoked from the auditory , detection .1 The P300 varies predictably
tactile, and vestibular systems.1- when we experimentally manipulate

memory load , expectancy , a shift in ~i

The Transient Evoked Potential motor set, or detection of a threshold
stimulus.4 In this context , the P300

An idealized visual response obtained can be considered to reflect cognitive
by relatively slow repetition of the functions.
stimulus consists of several consistent
peaks and valleys , usually identified The last period of time in the
sequentially as positive (P1, P2, etc.) evoked response , after 500 milliseconds,
or negative (N1, N2, etc.), or occasion— appears to represent the efferent firing
ally by the latency of the peak in milli— involved in the motor response itself ,
seconds (e.g. P3 or P300). This is or a muscle component of the response .
called the transient evoked potential. As of yet , very little is known about
It is possible to divide the VER into this component of the EP, but it may
major segments which apparently are well represent a less contaminated
generated by different sources in the measure of actual response latency than
brain , and which are sensitive to dif— traditional reaction time measures.
ferent qualities of the stimulus con-
dition (figure 1). The first major The Steady-State Evoked Potential
segment of the VER extends across the
first 250 milliseconds or so of stimula— The transient evoked potential has
tion. This part of the waveform seems been known for sometime , and forms the
to be particularly responsive to mani- foundation of many current applica-
pulations of the physical attributes of tions of EP technology . A different

• the visual stimulus such as col9r ,~ A type of evoked response has been more
intensity, movement , or motion . ‘ ‘ recently described , however , which
For example, the N, peak is extremely promises to be equally productive .4
sensitive to the s?tarpness of a dig- In this technique , the display is
played image. If a checkerboard pattern flashed very rapidly, between eight and
is out of focus, this N1 component will twelve times per second . The LEG is
be diminished or absent. 5 Using this recorded in the same way as for the
technique , many schools of optometry transient evoked response . However,
are now prescribing glasses for ii~fants by appropriate filtering , only activity
and others incapable of verbal response. occurring at the stimulating frequency

is considered . This results in an out-

~~~~~
/\

~~~~~~~ put which is identical , in the frequency
domain , to the input frequency . In
effect , this technique constrains a

H ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
e
~:

measured by the quality of the evoked
_~~~~~~~~~~~~~~~~~~~~~~~~~ •_ ~~~~~~~~~~~~~~~~~~~~~~~~~ _ potential at the input frequency . The

~ G 200 EP parameters which can still vary with
— *— MO~O~ stimulus variations under this con—
•mn,a. snaa,~,t,s “~“~‘ 

strained situation are amplitude and
c~~Oa UPtCThhCV phase angle. This introduces greatNOV~00NT OMICO*a TO • -consistency between sub)ects. Since

these parameters are sensitive to very
_________ _________ _______- small changes in the stimulating envir—

• • 
onment , the measure provides a stable

Figure 1. Visual Evoked Response and reliable index of ~ensor~’ proc~ ss-
ing. Using this technique , investiga-
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•~ ~‘ct  iv’ ’ ‘, ,a t e ’ , i t .  ~~ b o t h  , , h ’ ; ’ i t u t c  ab l e  t ( ’  F L O v i d ~ RF’ ~;hi.~ddinq i fl- • C • J 3—

_~~d d i  L t e nt  i al 1 ycho~thys  ica  tjiret;— nary, the st•i t e— o l  — t i ~~— a r t  in recording
ri olds can  be obta fl •d ~‘ In a(t l i t  i o n ,  elect t e d  ; an d amp i i f  i r s  f l a k e s  t h i s
the t ech u i gIlO 1001) t i ~‘ d above fo  p r o —  unno ct ;sa ry i n mo~~L ra~:i - s  . Vi sual or

~;c rib.i n~ ~ I ,e;~;e s can be mod i f  i ~‘d t o o t h e r  st : i mu i i  are in Lr odu c~.~d to the
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: e~~S of t l i  • i m ag e  i a !llpl i t udc  , a part- icul ~ r e x p e r i m e n t .  T1i~ EEG i
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s imply  ~~ ‘~~~• t  v i n cj  a t i u - k - r  i i i d i e a t i n cj  passed t h r o ugh  hi g h impedenco probes to
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wav e fo  r i . signal i s recorded on a n al og tape , and
s imultnneous l .y  may be processed through

.‘hc Vi~~u a 1 R ; ~ ia n: ; ’ I’ , r i  f lt ~~ a PDP 11/35 computer or a hardwired
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In v i i of there c a pab i l i t i es  of the disp lays and other d a t a  h a n d l i n g
.‘ER , and of the  A i r  Force interest in apparatus p er mr t  great flexibility in

~r o v i d i i i I ~b j c c t i v c  measures  of operator the control , recording and ana lys i s  of
display q: i i i  t y ,  we h av e  e s t a b l ish ed  a exper iments .

* v i sua l  r,’r~ eriSe facility in th e Human
ngi ni~~ r i r t ~ D i v is i o n  of the Aerospace This labora tory  al lows us to record

~ed ica 1  1 ’ : e ar c h  Lab o r at o r y ,  Wri ght— both t r a n s i e n t  and stead y state evoked
?atterso:i AiD , Ohio .  A schematic responses. The computer facility
representation of the elements of this allows us to determine the precise
]ahoratory is presented in Figure  2.  r e la t ionsh ip  between the evoked response
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~ ( q ,i v~’ - ; a -  I l oL l  r ’ l -S . In  some C I  so;; , ~- -

.me l et  t or of the •il ;’lialtet vu;; j t ( l S L t i V e , 
4

::ili le i i i  ot  h e r  car e ; ;  t l ie  memory load  was
increased  I ’ - ’ m d ;  in ’~ ,~~

;; many a;; c i q i it

~c-tters sf t h e  Cl l ph u t - - t  p o s i t i v e .  VER ’ a
, - re 01) 1, ;  ; t , I t o  ;‘; ( - n - n L n I i o n  ol p o s i t i v e  

4(~j nd no-  i v —  set  TI . I ‘ ;rS sc;~~t~ t r i  t el y fo r  •

SC,Ch P S;? ) F y load e un c i lt  i on .
z
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H F i g u r e  5. Reac t ion  Time and P300
I Latency for  d i f f e r e n t  Memory Loads.

5 1 0

Of course , reaction time also varic-s
with memory load. However , the linear

Ri L L VAN T component of the f u n c t i o n  r e l a t i n g
I~~4 R(1Lv~ N 1  

, reaction t ime wi th  memory load accoun t s
for  only  60 percent of t h e  var iance ,L with  a s t rong quadra t i c  component .  Con-

I 2 side r ing  P 3 la tency ,  the l i ne a r  co - ’ n o u ; e ’-
IIiMS IN MIM OI1Y a ccoun ts  for  99 percent  of the v a r ian c e .

h-Jo believe t h i s  ind ica tes  tha t  t :hc VE R ,
‘i g u r o  4 .  Amp l i t u d e  of P300 as a by e l im i n a t in g  most of the  motor
i unc t ion  of Symbol Relevance , v a r i a b il i t y  inhe ren t  in the r e ac t i o n

time measure , provide;; a much more
Wh~~ni u- -n analy2ed the P~ wave , we stable and reliable index of cognitive

found  t ha t  the a m p l i t u d e  or the w av e f o r m  w o r k l o a d .
induced  by the  “ r e l e van t ’ or po si t i ve—

- Set i t c ’ ;u S  was r o u t i n e l y  l a rge r  t h a n  t ;hat In a n o t h e r  s tud y ,  we co;- ’: ’ ,~ red the
~o t h e  n o n — r e l e van t  i tems . (F ig .  4) . c f f e c t~ of a proposed iii ic r : ;  f t  ca so -
T h i n  di f  fc ;rc -ncc was l a r g e r  under  g rea te r  I l aqe  p a i n t :  scheme on 1:t-co J ;; i I T o n  of
:- cm or y  b id ; ; , an d c o n f i r m s  m a n y  previous  a i r c r a f t :  ~ t t i t: ud e~ by p i l o t s .  fl ’- .;s t ion
stud ies i re )  i c i t t i u r i q  t h ~~t }‘~ is e xtr em e l y  t imes of s i tS  )c c ts  View lie ; photos  i n
se n s i tive  t o  the “mennini g~ of the s L i m —  d i f f e r e n t  ,-i t  t i t u des  were not  d i t  b r en t
ulus. WI lb t h is  r ” n n i t  iv it y ,  i t  should w i t h  the d i f f e r i n g  pa i r i t  sch ;cs :; .
:,e p o s si l L  to uti .  i i  xc th is  1e~~k as an Again , one could question whether t h e
index  of t h e  ab i l i t y  of the  s u b j e c t  to proc:esses by wh i c h  the sub ~ ; :- t s  w er e
recognize and ha r ;dJ  e i n f o r m a t i o n  pre sen t— responding in t ac t  d i  I f e red , evc:u I i ;-e i q i
- cl in a ( l i n I t l a y . E x l u - r i m en l s  c u r ren t l y  they led to t h e  same p r odu c t ;  in t h is
being c:,i r ion out by ot h i c r i l i v :;; t i cpttor s  case, a rc ’,ic i ion tip s’ . l’Jhen we in :; ly zec~
sne  conl i t t - I ; nc j  t h i s  exp o c ta l ion . i t  the VER to the v ar io un ;  p a i n t  ;;c1u’s:i~ ;a

~ i s been d’ - I e r m in c d  t h i  I: I i t ’  I’~ a inp i  i t  ude and to cii rcri f t a t t  i t t t d c s  , we f ( , l u S 1 no
is  ~ i q n i  I i  e i n l  ly q r t - ~~t ~~r when the su b jec t  m aj o r  ( l i f f ’r c ’ i u c e ; ;  in . i i ap l itude  or
? t : •S a I i:. i I i an  I ice as opposed to an Ia Lency . T h in  c o n f i r med  tile r e a c t  i a n

~nfamil i~t i one. time results , adding more detail and
c r e d i b i l i t y  to the t i n l i n q s .  I t  als o

In a dd i t ion to  I lie above amp I i i  ude  con f i i  m c i t n c ib j c ’ e-t  i Ve t’ ’~~) ouI ;eL; o no- • if f o r t - u i c’-- - , we f ?uin l t ha I t he  1 a I l u c y  percept  ion of d i  f f u re nc e s  Sc’ ~:ee i t  t l;~
-~~ the I v i i  ics < I i i  o t t  l y  w i t  hi ( l i e  two s;cheint•t  . The sub le st  a th ough t -. I S

- -emory In id I mpos( cJ , at le.i;; I at I 11050 I imul  i WI c t u s  isis; ’- , and t i o u  c [ore
~ow Ic - i r .  lucy it r oc t -;; n ; l  th em i i i  I-be i-sul.;c way.
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l) c’ve i i; ; ; - ;; I- of I s - ; ;  I q u t  ~ I ;iiwla isi i- p romi  so fo r  prov i ci i ng  ob e’; t. i vr y  ly
-  

deL ermi.i ied ; ;Landa rds which  do not
iii a u ;u l h i er  q e u u i ’r a  1 c l ,u ; ; ; ;  of ] I I V O S  1— ign o r e  t ie hum ; ir u

iqi I i ci; , ~~~~~ a i c ;  ‘s~ t I t  e~ ira; t h e  pa ;;:; i.bi. l i t  ‘,‘
uf u t i .  I - :i s ~; I S  ~~t t i d y c i t  ‘ I t ;  ‘ - vn k ’ - d  C l i n i c - t i  A l i r t inc ’ s

~~ 5pcu n ;;t  t o  c - a t  , t h ’  I i  sit st  . i ; ; - I , ; r c l ; ;  Lor  op—
t i cii c l i ; ;  I c ;  r I m u  i i i  such la ;-  h i . i  t ed  Al t houg h I lie m a j o r  t h r u s t  of our

uIt ~~Li n ; , - :; as si c i s i f t  w i n c i ; ; c u  t ’ ( ’ u i n ,  e f f o r t s  i s  d i re c t e d  to operaLioniul
Di ste rt ion in such  ;:ubst  uric, ’ :: n ay  hi ; so Ut  i 1 isa L i o n  o f  I ii ’  - EP , i t  iiti p c ssi b  Is
smal I a;; to hu Sual t 1 1 a i n i l . , ye I be to i q i lo r e  the  ci jill c,;l app]  i ce  L i o n s  of
nu t  I i c i t ’u ; t  to e , l u l ; ; e  o s ’r ,u t o i  f~ i (  i cj u l e  or t h is  u ( ’ c l l u t i c ) I a I ; .  i t  has  ; i l r r o ; - l y  b een

I I (iru.ti ;n; ’ cli;; u n i t l i n t.  Ui; ii e i t~ may be Inen t i oneci the  L t h e  VER r COfl ii;; used to
po5:s l b  I ’  t o  deve lop  ph y S i ( - d  1 speci fici— measure vi :;u i 1 acuity. ~ Si rni  la r
t iout : ;  I or c] i s to r t :i o n , i t- it ;  i ;oL dOlS~~ to  t e c h n i q u e s  arc a va i l ab l e  to ; - -‘esure
d e t e r t : u i u o ’  cx a c t : ly  ‘-h i ch ph y s i c a L  anouna Lies  v i s ua l  end a u d i t o r y  t h r esho lds  in
c o rn t -  l i t  W i  thu l . t ’ l i ;vi oral  c-f f t - c t : s  when i n f a n ts  and i : i : - i i l  i l l  y r .r ’ La rded  ind iv ic] —
such i ’ f [ t - - t ; ;  ar e  sub ) i m i n t i .  fl~-causc ’  of ual s , as w e l l  a;; cc~~t a i n  er~~- - c ts  of
i t s  -~:L r . ’:-;e son;;  t I v i t  y to th in  qua] . i .t y  cogn i t  ive f u n c t i on . - 

R’ cent  r esea rch
of the  v i  sue 1 i ma g e , the s t ee l y state EP has dove]  oped t e ch n i c~uoc ; f o r  u t i l i z i n g
;si y p i n p o i n t  the ‘ :-; ict  ci n u o m a l i c c ;  wh i ch the V ER as ani a d j u nc t  j

~ 
the d iagnosi s

are u i  t i ; ;  t eiy  r e s u l t  in;; i n  d is tu r b a n c e s,  of m ult i p l e  sclerosis, - c e r t a i n  b ra in
E f f o r t s  ar e  c u r ren L i  y underway to look at tumors , l e ar n i n g  d isab~~~ity , and even
the El’ i esponse to Snown w i n dsc r e e n  d i n —  p s y c h i a t r i c  d i s o r der ;; .  T h i s  has led
t o rt -i o n s , and to d e t e r m i ne  w het h e r  in pa rt  to a M em o r an d u m  of Agreemen t
si mu lt , ;n -e:;s l y  recorded monocu la r  steady between our l a b o rat ory  and the Med ica l
s tate EP’  S wU l  r c ;vc ;aI  a d i f f e r e n c e  in Center  at: Wrig h t— P a t t e rs o n  i,FB f o r
~hdse •u n g l e or am}) lit :udle between the eyes coopera t ive  ri ;search and c l i n i c a l  con—
i n cl ic et  ivc  of ea r ly  i n t e rc e d er r i va l r y  su ]t at i on .  We now r e g u l a r ly receive
and t i L i q u e.  r e f e r r a l s  f rom t h e  Neu~~olo~~y ,  Pedia-

t r i cs  and M e r i t - at  h e a l t h  c l i; ;i cs , and
T h is  t y po  of e f f o r t  is  rep r e s e n t a t i v e  have begun to encjeg c ’  in ci i n i cel

of a n i -  b ’- r  of enc; i r te er  m g ;ip [;i i c a t- i o n s  research wi th  ph y si c i a ns  f m .: , the
wh i ch c c;; c a l i i t i l i s c �  on the se n s i t i v i t y  Medica l  C e n t e r .
and ~ p e n i f i c i t y  of the VER to d e f i n e
op e rat o r  d i sp l ay  demand ; ;  w i t h  gr eat e r  FUTU 1~E DIRECT I ON S
ar ’;: i: cal  t l i - i n  most  p sychoph y s c c a tl  or
sub j ec i iv  - t n - . i S I t ; c ’ ; ;  . Si rice t h e  hu m  in i s  For the future , we see r o u t i n e
Jo: u l  t i  ui - i  t e  nyc ;  t ‘ - I ) ;  t h r o u g h which  d i  5 ) ) ]  . iys app l i cat i o n  of the VER t echno logy  in
and sy: ts ::s are it ’~o;- , - ssec1 , I L  :v-crus  the A i r  Force for  the types of h um a n
erninen L I  y reason tL.li; t h a t  we s) iou .ild ut : i I — eng ineer ing  a p p l i cat i o ns  th;scribcid
ize the human ’ ;; ph ysi o l o g y  to c a l i b r a t e’ above . In o ther  l a b o r a t o r i e s, most
the sy st n i - ; i r id  to u ’; ;t a b l i sh  st a n d a r d s,  n o t a b l y  in the U . S .  Navy , I S~ p o t e nt i a l
Such an i~ j ~ l ica~~~on hi ;; been de mo nst r a t e d  of the VER is  being tes ted  fo r  a ss i s t —
by Ft . -~jan c t  i i .  I t  a checkc ;u  boar;] ing in per sonne l  se l ec t i on  and
d isp lay  of  g iven color , in t e n s i t y ,  con— e v a l u a t i o n. Beyond these  air ce icly
tr a;;t , c - I  ; -  • , is  p ;  r ’n ; ,n t  t ;d  to a s u b j e c t , implemented  f u n ct i  ens , ecu a n t i c ip a te
the amp] i t  ude of t h r -  stead y st aL e  EP con several  deve lopmen t s  which  w i ll
DC dol t. c u ; i ned . I f  any  one p ar a m e t e r  of dr ;t m ; i t  i co i ly  expand the  u t .  ii  ty of the
the d.ispt.iy is ch i nc~~’d , t h e r e  is a VER .
corr e::; -~ u i ’  i ci;; ;imp l i t ude  ch a i i g t ;  in t h e  EP
t or i t I ; ;t u u i ( :e , i f  tho  d i s p lay  color ii; Slng l n— c v e n t  Evoked R cuspon ;u ’r .

h a z i ’j ’  cl , t la 1-P 110)) l i t  u I I . I u ’  ru t igh  I go clown .
if , howev. ’r  , a “ fe. - i h , i r k ”  loop it ;  c s t a b —  Ouie of these invo lves  the  m et h od

i shed wit ’  roby tb :  in  t ensi  ty  of the used fo r  s iq n a i — t o — n o i s e  i u c p r c ’v c ;m o n t
:1 isp lay  wi 1 1 i nc r -a :;e whe t s -v . ’ u t h e  1- 1’ As long  as v; rOm ;l i f l  (ie; )c ’n cle ;t  t On
e rp ]  i t  u : t e  d i r  r ’ i ; ;en ;  , I-he c s p e i im c ’n t c u r repe t i  t ivcu s t i m u l a t i o n  and ; ;n ;n ’n ;ble
cdn b r i ng  the  ;imp l i t udru back up to averag ing , I -he  El’ wi ll h ive I m u  sd
previ cii:; levels. Thin; , one can determine field app ] i cat i  on. Al t c m n : i t ~ i’:~’ t ec h —
the in L i  - n u ;  i t y for a “ cj r e t - u i ” i i i  ‘con s i c y  n iquen ; a rc  a 1 reed y cv i i  lab 1s and show
to make i t  p roduce Lb same i-: i ’ as a “ red.  “ gr eat  p romise  of c i]  1 ow iu i ’ ;  us  to m ole t i
In  cite;- t , ow hit;; cc li i eyed a p o i n t  of t hu  evoked r i - ; ; )  t o i i ; :e  iii u - a i f l ;  I t ’

~ubjec I ic ’ ’ - ” equ . t  l i t  y (at  Le n t  physi e— sI.i m u l t i ; ;  p r eu : .  n t ; i t  c m .  Mi I lu - ’ :  - it : lc ;l
1 o’; icc] I y) without ever ask i ri g t_he t r e at m e n t s  suc: h ci;; pc -i l tci )eu 1 component
;i.ib j~~ct . Such a te chin iqucu of fe rn ;  broad a n t  lyr ;  i: , s t o p —  w i s e  d i  sun  m u  n : un t
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anaiy:; i u ; and coherence f u n c t i on s  can be as opposed to u : ; im i q  the  c x l i i  u i - i ]  e v en t
used t i )  m a t c h  a pu-;’—cxisti t ug  t Qun) ) l I ) tC . uu i ] ; J h l t :  cu veal  a cj i r n l :  deal  t i ’ - j
More c i  aboralsi sy c ;t euuls  use m a t c h e d  ity  ei ,d d c ’t a u l  i n  the  “ prcir i : :; I ncj”
ii i t t - i  ;; or a combi fld t ion of pu - f i l t e r i ng  s e g u n c u i t  n t  the El’ t h a n  We pr ’  :;ent ly ;t
and cu -uns —cor l i - I i t  i on  to t l i ’ I  . 1 - i’ i nc  when i n  the P300 peak . Dove In i ’; ’ n t  such -
an c’VoL ’ cl L-csponse hUt S occur ;e d .  When these vi 1] go ic r i n  reduci  ;; ‘J the
these ; - yn t e m s  become opc:rat  i cii .il , o i l — l i n e  a p p a r e n t  v a r i ab i  I i  ty  oI~ t he 1 - ) - C bet wi-
eval  n at  1 on of the  sub jec t  ‘ c; Ei-:r, w i l l  s u b j e c t - u i , and fu r  I h er  emu -ic i ; th ic  d e t . i  i

b e c cm ; ’  poss ib le  w i t h o u t  t h e  a r t i f i c ia l  of the i -P  as a inc -In c.
l a b o ra t o r y  s i t ua t i on  r e q u i r e d  by
r e p e t i t i v e  st i m ui  at i on .  J lu ine l ) E i ) g in e er i u u u ;  ‘Je st Bat c-nj

- n (t~u u l i  An a f a r — r e a c h i n g  goal , i t  i s
po s s ib l e  to conceive  of s t - t , d a r d i z e d

A n o t h e r  m a j o r  l i m i t a t  ion of the EP procedure ;;  for  h u i a , n eng i n e - ;  it ; ;3
as pre;e ’nt ] y u sc- c l  I :; i t s  d u - ; ’ i  - s ; i u -n c e  on app ] i C - ;  t i o ns u ti  i i  z i ng  the EP ar id  o t l i c  :
an cxl  c’r ,u ;l 51 iou I it s  event  to serve as a li sych ophys i  olocj i c i i .  and h chc iv i  oral

fo r t h -  l u - u i  sn t u g  of a s ampl ing  techni ques .  Some a t t empts  iii such a
period . In p rac t ic e , t l ; I s ;  ha s  rcqui  c-cd test b c u tt er y  have been made in  the
us to u ~e i i i  S c u i ’ t - c~ ne ;i so ry  i v en t s , c i— past , bu t  these have been I in ; i t e d  by
though  t i n n y  S i t ’a , ;t  i t ) ; i ; ;  of i nt e r e s t  do the  s t a t e — o f — t h e — a r t :  in r e c o r d i n g  and
not  in t r i s ni c a ll y l e n d  themselves  t o  u - u ” h  a n a l y s i s , cind by t h e  f a c t  t hat  a d e q uat e
d i s ro nt  inuoc :;  rI  in ; ; ; J , i I : i o n  ( e . g . ,  mc bas ic research in  psychoph ys io l ogical
r eadin ’ ;, i hu t o — i u i t  c - ; l r e t a t i on , cc techni ques had not yc;t hi-c n done . As
d c c i s i c - u ; - - e k i n g ,  e t c . ) .  I n such we have seen , the research i s  now
one w c s a ] d  ] ; h v  t o  kn ow the p i t - c l  being dc nc , at an accelerate d pace. I::
s tun t  i n  w h ich  a n ” - , n i n t ; f u l  s l i t  addi t ion , it is  t ime to begin  c a p i t a l —
begin to n ; - cr c t t e  v u  t i~ i t h e  iu ; ’~~ a d .  iz ing  on the enormous computer  and
~vcn  i~ one cou ld  i dc-nt i  fy  the point  at: ana ly t i ca l  power now being d c - v c ’l o p e d  fo
which a senn,-u t  ccc l b - - g irt in a cj ivcn cog— b io—me dicai  d a t a .  Such pow;’)- al lows us
n i t i vc  ta ;:k , t h i : ;  st i ll  s-ti gh t  not be the to conceive of r c i n y — c h a n n c l  ER G
poin t  at which  t i e  s ensat ion  became a r ecord ings , combined w i t h  o t h e r  psycho—
~~Lcc-

p tinn ,;nd b r ~~tn to be processed by phys iolog ica l and behav iora l measures.
the itin ividual . Such a multivari ate approach has alre.s’~

been w:e;l ui nccess f . u l l y in t h e  develop—
Such a dh l ec ru ; ;  has  caused us to mont of a “ n eu r o n n i u t r i c s  tu ;;t  b a t t e r y ”

begin s e a r c h i n g  for  “ cndocj c-nnu s ” st inim l I for  the r ap id  assessment  of uu 1~~rO—
to use cue t r iqgc : r ; ;  fo r  the N P .  If we can logical problems in  c h i l d ren .  - In
i d e n ti f y so:r. e e v e nt  w i t h i n  the person this battery, 5 1  b r a i n  si tes can be
wh i ch si gn a l s  t ha t  the  proces:;inc~ has moni to red  d u r i n g  50 d i f f e ren t  test
ac t ual  I y bc-gun , we could use tha t , event i tems or “ c ha ] ]  onqes , ” y i e l d i n g  as
to begin sampl ing the EE(~. One of the nu an y as 85 , 000 measures  in a test
most obvious of ; :uc h i  endogeui ous st imul i  session l a s t i n g  I: rort ; 15 to 50 u n i n u t c - s .
I n v o) vc-~ the  sub jec t ’s own eye movements .  This enormous qt ~’ i n t i ty of d , i t a  is
Researchers  have al ready  es tabl ished reduced by p at t er n  r e c ogn i t i  cci tech—
tha t  the eye flO\ ’c: ;:lu~n t s  and f ix a t i o n s  CaI I  ni quci s to some 80 measures , y i e ld ing
be used to p in p o i n t  mean in g f ul  events  in a comple te  neu ro ] oqi c a l  s u r vey ,
the EEG which  w e l t  Ot IUurW j so un i n t e r p r e t —  e x a m in i n g  e v e r yt h i ng  f r o m  h ;y p i ’r —
able. i-ku ar e  p 1 - in n i n g  to use the a ct i v i t y  to drug  e f f e c t s .  I t  is not .it
precision o f f e r -d by the E t aj u f o r d  Research a l l  i nconce ivab l e  t h a t  such a test
1nst i t u t ~~ c-jo t r ac k e r  to de t e rmine  ba t t e ry  could bc dovelopod n; :u ’c  I f i r e ] ] ,’
whether  tn  e g t - r i  nq o f f  the i n it : i a ti  on or for  the  type of h u m a n  eny .i t i n t  - r i n g  and
t er m i n i~t ion  of en i -ye  movem ent  w i l l  personnel app] i c , i i  i ons  d, ’e r r i hx ’d  in
reveal mi cr o— c o !c ; 1, ( i iu ( -n t  u; of t h u ’  EP w h i c h  t h i s  paper - . The i i i  ~or adv c : , t . ;qes of
are mi ;::‘ .-d when the  e x t e r na l  event  is such a system w o u l d  be its o b j e c t iv i t y ,
usc- d , i u ;  ii tn  ‘ ij er  . I t  shou hi • i l  :;o In ;  s p e c i f i c i t y, and , Sin C e  i t  Would  d c i i
p o ssi ble  to c;;;. I h i t -  NP i t  u s - I f  as a t r i g g e r  w it h  pr -occ;;se;; u , ; t h e r  t han  : ; i ;p l y  

- -for  ,‘u i o t  I , , :  r Ii’ • I I we i i i i h n ’tv.  - our products , i ts cub i 1 i t y  to be ; ) t ’u t e r a  1 sc .:
c c ip . l ; i  I I t y to i t I c - u  t i f y  the  u 1 y “ ci  -u i : :o r y ” f r o m  on e des i g u t  g u i ’; ;  t ion t 0 ; i i i o t  lien
event  i n  t h e  N P Cii d u; l i i ; Is- t iou lun  , Added to the dove] opuuuc nt s u: ’  ‘nt  ioned
then we i- i i-; hi I U :5 or;’ of t l i t  - : ;t - ev’ - : u  ta; above , such a s y u ;t c n u  should e l i  OW t s --
(suc h .~ u I i ; ’ ’  1’ ? ) 1 ’ > t r i g ’j i - r  , i i n t h o r  l i n e  e va l u a t i o n  of t he  opei- i t  or ,
s a m ; l i m u r j  ‘ l - ’ ; ~~h :  ‘I’hi ~ ~d~h - . I  ml 11 1 ; t - c : o n t i ; ;  pe r nu i  I t in y  a S ; ; e T ; ; ; ; ; i u - u u t :  of f,,t i i j u e ,
01 r’’ ~ t i 5  ‘ ni of Its r d  by Ut i t ;  i - i - h i ; I quo , cit t e n t - i o n  , psych;,) ogica l  d i  :;t t e S S , 01
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ot her  pot  i - r u t  i a l l y d ;t n ’; i ’u uu i :;  ; ;t - ; i t  c ; ;  . the ( i t : : ;  i n  , couitluctc , an d a nal ysi s  of
the 0 - / f e r m e n t ; ;  r ep o r t  ccl  h er e .

DEFI -; l t l - 1!CE S
I ; - a ;  d-~~’ ‘1 n j ;;; ~t i t  ‘.- J i i J  c-It :;I iow ; 

1cot ; :; ; , I ~- ; , ; l ’ i e  :;uu ce ’ ’a ; ; i i i  ,i  d, - t  i t i - , ! area ol Deck , E . C .  , N I  t e t - r o p h y s r ’ l o cj y  and
;cp~~i r , i t i 0 ; u , i t  i t ;  ‘ - ; : ;y  t o  f e  ( t v u - i - i y b e h ; a v i i u u , i n  N . E .  }fo senu - .-; - iq  md L . W .  -

‘:‘ t o i l  , t  i _ u - : 1 t o r u t  t i -  t i t t - r i l e - . I’ - ’ h i ci v ;- P or t  i - u . (E d : ; . ) , A i i t i u i , u i  R’_r v i ’ w  of
a T  h -a - -cl o r u u s t ’ i vc- .; a d t - i ; r t - o  c- I  I , i I  i l u d u -  P sy c ) i ’ ’ l o q y ,  1 97 5 , 76 , 2 i t — 7 ’ , 2 .
i i t s p, - - u l  a t  i t ; - i  wli ’  ‘ u ~~- I h i  nc-w i ‘~‘ app l h -i  

2r I  t o -  i i  I I  pr oc- , ‘“1 i n  t h e  I t a l u t i c .  t ic -u— P e r r y ,  N . W .  , an t i  C h u i l d c - r n , D. G .
c - vet , c- ; u z - - - r i o t  i ; ’ ; , ; v t l e  of the  ‘J h sc ’ IIIInL ;r i V i u i u , i l  b u c ke t P ’;;:,~,- r5u ,
d i  f t  i c r ;  I 1 , -u ;  ~, hu i_ ch 1 ~

- ahead , ;iui cl we do ‘Ii~ ti c - ; :  ~~~n u i i - ; !  u e I (I , I l i i i ; , ; ; ; , 1969.
- I t u u ; d ’  - u ‘ - st  ;~~:; i t  - t i e -  r i : ; q  n i  L u ; -  IL’ c - I  the  3c ,b leur : ;  t o  l i i -  ~ o I  ‘‘ t i .  i-Jou i:t - r s  i n  t h i s  Sh~uqass , (:. , iI vokc ;d R rj t i n

t o .; a t . - o~te r , t t  j u ; c ;  .- it  the I fon t i c - i  of P o t e n t i a l : ;  in  I ’ ; ; y c l ; i - ; t : r y ,  P J ; - r t u u n i
echnc i lo  1 y i n c - i  c-c ten I c : ;  , i l l  u ; ia t horne t ice , ~~j T , ;T~~~~~~j~~~’ ç1 1-J : , 19 7 2 .  

-

in  iu-cd t c i ; i t , an d i i i  }t _ ;ycIe-lc t y .  Not  i l l  /
d~~v~ - h o ~~:;iet:t u ; ~-;h i c : i ;  no .-: ;;c- c - r: ;  t i ’ ; : ; i b , l e  w i l l  t Rccja n , I ) . ,  Evoh ’d l ’ o t - - n t i a l n i n

ccv~ - so . Y et- , a l i e  i d  c i j u p l c . i  i; i I of P ;;vrh o l c u ; v , N ’ - r i c - o r y  f’h\’siO e-~-.’ J1h~
t. u i i i  I cc-nv i t i c  ci... I hi  i t  thu ; I fort i ci i ru t c. u I i u r i c’ t~ ; I y —  I i t  r c.
;- :o r th  t h i n  r i s k . I I  oven a p a n ,  of the Ne w Y o r k , l~ i 72 .
ap p a l  c-ni t c , i :’ab i l  i t y  is achieved , i t  wi l  I r
1.;- w c> r t j i w h i le .  ~ h I art er , N .  R .  , and Whi te , C .T.

E f fe c t : ;  of Con tour  Sharp : i ’;s s  and Check—
The p r i n c ipal d a n g e r s  in t h i s  approach Size  on V i s u a l l y t-~voho(h C o r t i c a l

l ie  not so mitch in  t h e  technical  : ;o p h i n L i —  P o L e n I  j a i l s , Vi :; ion Research , 1968 , 8,
r a t i o n  o; d i l l  i c c i L t i e s  involved , but  m t  701—711.
t he  pa: si hi  l i t  y f ou - - u : i suse  a t  ci over— 

6- l ( - n e r . ; ] i - / a t ior l . The lIP is c - o r t a i u i l y  no Campbel l , F . W . , and N : r f f e i , L . ,
r tu r i ac uc a f c r  a l l  tIc -u :  i gn p rob li -me . I t  can Elect  rnp h iy sio log ical  Ev idence  for  the
:;c-ve r r c j i i  ace s u b je ct i v e  repor t , and ccitt Exist c-r ice of O r i e n t a t i o n  ari d s ize
r u ’ - V t - u  s u i’s t  i t - t a t e  f o r  i n a d e q u a t e  dc-si g n s .  Detec tors  in the IIu r u- : in  Vi~~uei. Sy st em ,
If  . i n y t l u i u ; - ~ , i t  r i -pu  ir es more care and Journal  of Ph~~~4o io~~~, 1970 , 207 ,

-- -arc  Sop l u 1 ;~ t icat i e ’r  in  e x per i r ue n t al  6 3 5 — 6 5 2 .
dr - s i  gn I t ; - ; ;  p r c -v io u ; ;  r u t - I t  ics . r r hc 

7; r i ’ c r c , ; r ’ - ; I  ‘u c - c i s i c s ,  an;] : ; e r c - ; i t i v i  ty is O’ D o n n e l l , ILD.  , Cornpar i ; ;o r i  of
~~t j  r c h c i ; ; u - u i  ~u t  t lie c - c t ; ;  I of i nn  r -; ;:;c ’d need h u m an  : rn f o r -incut ion P roces s i  ::g i c -u f o r m —
f o r  a t  1 en t ; a; to dc L~ ; i 1 and for  ance 111 th Dot and S tr c ,ke  A I n h ; ;b et  ic
c ’x p c -  i n ,  i t - a  1 v .i l  i d ;  Ic io n of i n  t :erpre t a t - i  ont ; . Charac  l u - c r , , -Ib t . -— TII-— 7 5 — 9 5  , Ac i o : ,r c -c e
I I  it :  i n u y v i t  i l l ;- thu c i t m i st a k c - r  w i l l  be M e d i c a l  [I ;-sc;arch L ; i b o r , n t c ’ : -y ,  W n i q 5 t
macic ant i  I ; !  :~ i n t e rp i  ‘ - t a t - I o n s  w i l l  become P a t t e r s o n  A i r  Force Has- - , O h i o  4 5 133 ,
an e v e r f - r c - :m - n t  th~ ‘ - , ;t .  19 7 6 .  [AD A — 0 2 u 4 0 9 9 ]

- _ . .  8In s p i te  of r i - sc -  p o ss i h i l it : i e s , Corner , F .E .  , Spicuz-uc; , N . J . ,  a rid
--;e bc -i  i eve t h ;  I t hu ’.- VER t e ch u n ;  i 1j UC hai; O’Donnel l , k .  D. , Evoked P o t e n t ia l

ci d o o r  f o r  a new k i nd  or  me a s u r e —  Cor re la tes  of V i s u a l  I tem Rec ogn i t i o n
c - n t  ur ~~ roach in hum an  eng i n c c -r  m g  . The D u r i n g  t-lc ’uiu ory - S cann i ng  Tasks ,
: i j , j t ro i c - u ; i t  t ouu ip t ; ;  t o  h o -  f u n c t i o na l l y  Ph~~~io i o qic a l  Psycho1oq~~, 1976 , 4 ,

i t t - i f  t o  r eal  Wui hi ( - v u - n t - n , an d to 6T— 6~ 7,; r ij i 1 y e-  - i~rc-’~~-~~~ ~~;; ~.‘ell  as pro d uc t  . It
r r - l t r i - s c ’ n i t n  .u h ’ i l d  c u t t o m p i to p r o v i de  ;i Corner , F . I - . , and D i s h , E . G . ,
r ; ’ i , t u i t u n u i r ; ’ ;u  ‘ .;S( i i ;  I. h i -  I ’~~’~~’ s i c - r i  of Evoked P o te n t ia l  Cor re l a t e:;  of D iop la y
a n a l  y: ; i s .  I i i  r ; c u r r i : . i , ;  r y ,  we f’ ’- 1 the  Image Q u a l i t y ,  h u m an  Fe-c - t o r n , i ~i Press .
~‘-chn Isp , - - u rov  i c I e r ;  I t - r h u p s  t h e  f i r s t  t r ue  
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- I t u - h iu ~~ ; r i  e u i q i r i c ; - r  ha ’; ever Rcgci n , D. , Color  Ccci i uuq of
P a t t e r n  Responses in Man I r i v n ; ; t i qated
by Evoked I’ ot c -n t  ic il  Feedback and

A( V~ () 1 l u (  1 M ! N I  D i i  c c  I b ’loL ‘ I n  ch i t  r quc~~ , Vr  u onu hc e-irci~
1975 , 15 , 175—183.

‘l’hc , u i r t h u o r ; expce : ; ; ;  t h t e i r ~ i r i ce- re  11ppre -ia I i c - r i  to Dr • F • Corner , N :; .  D . Recja r i  , 1). , Mu net- , B. A. , an d
P ;ch , f-I ;; . J . K lug , an d N :; . R .  it - u i !  roe Heron , J . R • , Delayed  V i s ua l  P u - i  Ct p t  ion
f ’ ,r t h u - i  r • i ; ;n i  :;t - i n - - c -  - j u i d  dcci i r a ti on  i n  and D e lay e d  V i sua l  l- vokecl Po ten t ial :;  i ;

8’
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I ru e I of Nut 1 t i  p l Scion  o:; i t ;  and 1 2John , N .  It .  Yat r rui~~1, It . ‘I . .  , Corning ,
I t c t i c ’ l t ’ i l - : i r  t ’ h - u ; i t  i s , t t r ;i i ti , 1976 , 99 , W,C. , of cii , TI u u ro ut ie t r i cr ; , Science ,
13—66. 1977, P.16 , 1393—14 09.
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