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To better describe the linear-dynamic properties of the human 
visual-cortical response system, transient and steady state 
Visual Evoked Response Potentials (VERP) were observed. The 
stimulus presentation device provided both the evoking stimulus 
(flickering or pulsing lights) and a video task display, The 
steady state stimulus was modulated by a complex, ten frequency, 
sum-of-sines, wave. The transient VERP was the time-locked 
average of the E E G  to a series of narrow light pulses (pulse 
width of 10 msec). The Fourier transform of the averaged pulses 
had properties that approximate band limited white noise, i.e. a 
flat spectrum over the frequency region spanned by the 10 summed 
sines. The Fourier transform of both the steady state and the 
transient evoked potentials resulted in transfer functions that 
are equivalent and therefore comparable. To investigate the 
effects of task loading on evoked potentials, a grammatical 
reasoning task was provided. Results support the relevancy of 
continued application of a systems engineering approach for 
describing neurosensory functioning. 

A new methodology for analyzing and interpreting the 
dynamics of the brain's response system based upon sum of sines 
(SOS)  stimulation and systems engineering analysis has been 
developed (Junker and Peio, 1-984). This technology requires that 
the system being studied possess a significant degree of 
linearity for the measure to be of descriptive value, The 
question of linearity is considered in this paper by comparing 
systemic responses to two types of stimulation. 

One of the greatest challenges in examining the brain's 
electrical potentials is the low signal to noise ratio. Evoked 
responses are so small in comparison to the background electrical 
activity of the brain that a method for enhancing the signal to 
noise ratio must be decided upon. There are two well developed 
techniques for accomplishing this. Steady skate evoked response 
potentials (SSERP) are based on the frequency following 
phenomenon in the human response system. Using a repeating 
stimulus successive ERP's are elicited. It has been shown that 
the elicited response contains the repeating frequency of the 
stimulus. The brain does not have a chance to regain its 
resting, undisturbed state (Regan, 1973, 1975, 1979). With the 
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aid of the Fast Fourier Transform (FFT) it can be demonstrated 
that the ERP is at exactly the same frequency a s  the stimulus. 
The other method, transient ERP, is based on I' hitting" the 
system, with a pulse or a click, and then measuring the 
electrical potential. Each response to the pulse is considered a 
transient response. The amplitude of the transient response can 
be measured and then a series of responses can be averaged 
together. This is a tine-locked average, that assumes the 
response always occurs at the same time relative to stimulus 
onset. 

In the field of automatic control systems technology, an 
input/output relationship for the linear portion of a nonlinear 
system is defined as a describing function (Kochenburger, 1950). 
Manipulations of the FFT's of the response potential (output) and 
evoking stimulus (input) yield a describing function that is a 
complex measure of the output/input relationship of this sensory- 
response system (for a detailed description of guidlines for 
analysis of frequency response data see Levison, 1983). Prior to 
the development of the ten sine wave stimulation technique 
(Junker and Peio, 1984) most measurements were made with single 
sine waves, or at most three sine waves simultaneously (Regan, 
1973, Wilson, 1979 and t7ilson and O'Donnell, 1981). Construction 
of comprehensive describing functions were not often undertaken, 
and there is no data available from researchers showing task 
loading effects across a broad range of frequencies. Perhaps for 
this reason no one has taken on the task, until this time, of 
exploring the actual relationship between steady state and 
transient VER potentials. Regan (1979) stated that, "For a 
linear system the transient response has a fixed relationship to 
the steady-state response. Consequently, transient and steady 
state descriptions of a linear system's behavior are equivalent 
and can be regarded as alternative formulations of the same 
data ... therefore, transient and steady- state stimulation can 
produce responses that provide complimentary information about 
the sensory system under test." Using our existing stimulus 
apparatus and computer generating capability, we incorporated 
into the system the ability to: accurately generate a narrow 
pulse stimulus, collect and time-lock average the data, FFT the 
results and compute describing functions from the transforms, 
These describing functions were used for comparison with steady 
state describing functions. This analysis has been applied to 
ERP's in taskloading (workload) and non-taskloading conditions. 
The task used was grammatical reasoning. This task was selected 
because it is highly engaging and it only requires a minimal of 
motor response. An explanation of the stimulation device, EEG 
data collection, and sum of sines methodology is presented in 
this paper. In addition the cognitive loading task, the 
transient stimulation methodology, the transient results, and 
comparisons between transient and steady state describing 
functons are given. 
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pparatus 

T h e  t e s t  chamber  s i m u l t a n e o u s l y  d e l i v e r s  t h e  e v o k i n g  
s t i m u l u s  ( f l i c k e r i n g  l i g h t s )  and a v i d e o  t a s k  d i s p l a y  ( F i g u r e  1). 
T h i s  p r e s e n t a t i o n  was ach ieved  by combining t h e  two images v i a  an  
1 8  c m  x 2 6  c m  h a l f - s i l v e r e d  m i r r o r  a t  4 5  d e g r e e s  t o  t h e  t w o  
i m a g e s .  The  e v o k i n g  s t i m u l u s  was p r o d u c e d  b y  t w o  2 6  cm 
x e n o n / f l u o r e s c e n t  l i g h t  t u b e s  hung h o r i z o n t a l l y  E; crn a p a r t  a n d  
m o u n t e d  4 c m  b e h i n d  a 25  c m  x 27 c m  t r a n s l u s c e n t ,  d i f f u s i n g  
s c r e e n ;  w h i c h  d i s t r i b u t e d  t h e  l i g h t ,  a s  even ly  a s  p o s s i b l e ,  over  
t h e  v i s u a l  f i e l d .  T h e  a v e r a g e  i n t e n s i t y  of t h e  l i g h t s  were 4 0  
FL ,  a s  m e a s u r e d ,  by a U n i t e d  D e t e c t o r , m o d e l  P I N  lOD, h i g h  s p e e d  
pho to  c e l l ,  p l a c e d  a t  t h e  s u b j e c t ' s  v i e w i n g  p o i n t .  T h i s  a v e r a g e  
i n t e n s i t y  was s u f f i c i e n t l y  l o w  s u c h  t h a t  a s u b j e c t  c o u l d  s t i l l  
c o m f o r t a b l y  d i s c e r n  t h e  v i d e o  t a s k - d i s p l a y  w i t h i n  t h e  same v i s u a l  
f i e l d .  The v i d e o  t a sk  was d i s p l a y e d  on an  Audiometr ix  11 i n  x 11 
i n  v i d e o  moni tor .  

Eeckman s i l v e r / s i l v e r  c h l o r i d e  e l e c t r o d e s  were  used w i t h  t h e  
Grass  mode l  P511 A C  a m p l i f i e r s ,  w i t h  a m p l i f i c a t i o n  ~ 5 0 , 0 0 0  a n d  
b a n d p a s s  of 0 . 1  t o  300 E-lz, t o  r e c o r d  t h e  EEG. T h e  s u n - o f - s i n e s  
( S O S )  w a v e  a n d  t r a n s i e n t  p u l s e  w e r e  g e n e r a t e d ,  a n d  d a t a  
c o l l e c t e d ,  on a D i g i t a l  Equipment Corp.(DEC) PDP 11/60  computer.  
S i g n a l s  f r o m  t h e  1 1 / 6 0  w e r e  low p a s s  f i l t e r e d  on a K r o h n - H i t e  
m o d e l  3 7 5 0  f i l t e r  ( c u t  o f f  a t  4 0  h z )  a n d  t h e n  f e d  i n t o  a 
S c i e n t i f i c  P r o t o t y p e ,  model GE, t a c h i s t i s c o p e / l i g h t  d r i v e r ,  which 
was m o d i f i e d  s o  t h a t  a v e r a g e  i n t e n s i t y  and  d e p t h  of m o d u l a t i o n  
c o u l d  be a d j u s t e d .  The  g r a m m a t i c a l  r e a s o n i n g  t a s k  was g e n e r a t e d  
by a Commodore mode l  V I C  c o m p u t e r .  T h e  s o f t w a r e  a n d  t h e  
response-box hardware ,  f o r  t h i s  t a s k ,  were deve loped  by Sys tems 
Research  L a b o r a t o r i e s  Inc .  The two c h a n n e l s  of d a t a  (pho to  c e l l  
and EEG) were f e d  th rough  General Radio low p a s s  f i l t e r s  ( c u t  o f f  
a t  25  H z )  t o  p r e v e n t  h i g h  f r e q u e n c y  a l i a s i n g .  The f i l t e r e d  
s i g n a l s  w e r e  t h e n  d i g i t i z e d  a n d  s t o r e d  f o r  a n a l y s i s  on t h e  PDP 
11/60. The c o l l e c t e d  d a t a  was f a s t  f o u r i e r  t r a n s f o r m e d ,  ensemble  
a v e r a g e d  a n d  p l o t t e d  u s i n g  a D E C  PDP 1 1 / 3 4  c o m p u t e r  a n d  a 
P r i n t r o n i x  model P300 p r i n t e r .  

St imulus  

To b e t t e r  e l u c i d a t e  t h e  l i n e a r  p r o p e r t i e s  o f  t h e  v i s u a l -  
c o r t i c a l  r e s p o n s e  sys tem t h e  e x p e r i m e n t  was des igned  t o  c o l l e c t  
d e s c r i b i n g  f u n c t i o n  measures w i t h  d i f f e r e n t  fo rms  of i n p u t s ,  The 
modula ted  l i g h t  s e r v e d  a s  t h e  d r i v i n g  s t i m u l u s .  For s t e a d y  s t a t e  
s t i m u l a t i o n  t h e  l i g h t s  were  modula ted  u s i n g  a complex SOS wave 
composed of 1 0  h a r m o n i c a l l y  n o n - r e l a t e d  f r e q u e n c i e s .  A l l  1 0  of 
t h e  f r e q u e n c i e s  w e r e  m u l t i p l e s  of t h e  f u n d a m e n t a l  f r e q u e n c y  of  
0 . 0 2 4 4  hz.  The componen t  f r e q u e n c i e s  r a n g e  f r o m  a p p r o x i m a t e l y  
6.25 t o  21.75 H z ,  w i t h  i n t e r m e d i a t e  f r e q u e n c i e s  a t  7.75, 9 .50 f  
1 1 . 5 0 f  13.25 ,  14.75, 16.50,  18.25,  a n d  20.25 Hz. None of  t h e s e  
component f r e q u e n c i e s  c o n t a i n e d  a s u m  o r  d i f f e r e n c e  of any of t h e  
o t h e r  componen t  f r e q u e n c i e s ;  t h i s  r e s t r i c t i o n  on s i n e  wave 
s e l e c t i o n  was i m p l e m e n t e d  t o  a v o i d  t h e  p o s s i b l e  c o r r u p t i o n s  a t  
t h e  s e l e c t e d  f r e q u e n c i e s  by n o n l i n e a r i t i e s  of  t h e  f l i c k e r i n g  
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l i g h t  g e n e r a t o r  a n d  p o s s i b l e  n o n l i n e a r  e v o k e d  p o t e n t i a l  
r e s p o n s e s .  A p p r o p r i a t e  i n p u t  s e l e c t i o n  i n s u r e d  t h a t  n o n l i n e a r  
harmonic  e f f e c t s  would n o t  occur  a t  t h e  component  f r e q u e n c i e s .  

For e v e r y  d a t a  c o l l e c t i n g  t r i a l  t h e  s t a r t i n g  Fhase  v a l u e s  
f o r  e a c h  o f  t h e  1 0  c o m p o n e n t  s i n e  w a v e s  were r a n d o m i z e d  w i t h  a 
un i fo rm random number g e n e r a t o r ,  i n s u r i n g  t h a t  t h e  t i m e  s e q u e n c e  
of f l i c k e r i n g  l i g h t  p r e s e n t a t i o n  was random f rom t r i a l  t o  t r i a l .  
By u t i l i z i n g  r a n d o m i z e d  phase  w i t h  t h e  s u n n i n g  of  t h e  1 0  
s i n u s o i d s  a maximum d e p t h  of n o d u l a t i o n  of 13%f p e r  s i n u s o i l !  was 
p o s s i b l e .  The l i g h t s  were s i n u s o i d a l l y  m o d u l a t e d  a b o u t  a n  
a v e r a g e  l u m i n a n c e  of 40 f t - l a m b e r t s .  P r e v i o u s  work ( J u n k e r  and  
P e i o ,  1984) h a d  s h o w n  6 . 5 %  t o  b e  s u f f i c i e n t  f o r  o b t a i n i n g  V E R ' s .  
Regan  a n d  B e v e r l e y  ( 1 9 7 3 )  i n  l o o k i n g  a t  t h e  e f f e c t s  of t h e  
p e r c e n t  d e p t h  o f  m o d u l a t i o n  on t h e  V E 2  d e m o n s t r a t e d  a s t r a i g h t  
l i n e  r e l a t i o n s h i p  b e t w e e n  VEF, v o l t s  a n d  p e r c e n t  d e p t h  o f  
m o d u l a t i o n  o v e r  a l i m i t e d  r a n g e l ( l 0 %  t o  3 0 % )  of m o d u l a t i o n .  Over 
3 0 %  a s a t u r a t i o n - l i k e  e f f e c t  o c c u r r e d  i n d i c a t i n g  n o n l i n e a r  
b e h a v i o r  i n  t h e  VER d a t a .  Thus o u r  s t i m u l u s  d e p t h  of m o d u l a t i o n  
min imized  n o n l i n e a r  o v e r d r i v i n g  w h i l e  s t i l l  a s s u r i n g  a n  a d e q u a t e  
VER. 

For c o m p a r i s o n  p u r p o s e s  w e  c r e a t e d  o u r  t r a n s i e n t  s t i m u l u s  t o  
have  power s p e c t r a l  p r o p e r t i e s  s i m i l a r  t o  t h e  s p e c t r a l  p r o p e r t i e s  
of t h e  s u m  o f  s i n e s  s t i m u l u s .  The sum o f  s i n e s  c o n s i s t e d  of  L O  
s i n e  w a v e s  r a n g i n q  f r o m  6 .25  t o  21 .75  Ez, w i t h  e q u a l  p o w e r  f o r  
e a c h  of  t h e  c o m p o n e n t  s i n u s o i d s .  T h e  p o w e r  s p e c t r u m  o f  t h e  
t r a n s i e n t  p u l s e  was a d j u s t e d  t o  have  a f l a t  spectrum o v e r  t h e  
same f r e q u e n c y  range .  The t r a n s i e n t  s t i m u l u s  was a na r row (.01 
sec  d u r a t i o n )  c o m p u t e r  g e n e r a t e d  p u l s e  d r i v e n  t h r o u g h  t h e  l o w  
p a s s  f i l t e r  and. f e d  i n t o  o u r  l i g h t  d r i v i n g  c i r c u i t .  I n t e r s t i m u l u s  
t i n e  was v a r i e d  b e t w e e n  1.28 and 1.38 secB t h e  v a r i a b i l i t y  ( 0  t o  
0.1 sec) was q e n e r z t e d  w i t h  2 uniforr:, random number g e n e r a t o r  f o r  
e a c h  s t i m u l a t i o n  s e g m e n t .  O n e  r u n ,  o r  t r i a l ,  c o n s i s t e d  o f  4 0  
s t i m u l u s  s egmen t s .  

Task 

T h e  t a s k  l o a d i n g  c o n d i t i o n  u s e d  was t h e  g r a m m a t i c a l  
r e a s o n i n g  t a s k  f r o m  t h e  C r i t e r i o n  T a s k  S e t  ( S h i n g l e d e c k e r ,  e t .  
a l . ,  1 9 8 3 ) .  T h i s  t a s k  i s  b a s e d  o n  t h e  o r i g i n a l  g r a m m a t i c a l  
r e a s o n i n g  t a s k  d e v e l o p e d  by  B a d d e l e y  ( 1 9 6 8 ) .  The t a s k  i s  
d e s i g n e d  t o  impose  v a r i a b l e  p r o c e s s i n g  demands on r e s o u r c e s  used  
f o r  t h e  m a n i p u l a t i o n  of g r a m m a t i c a l  i n f o r m a t i o n .  S t i m u l u s  i tems 
a r e  two s e n t e n c e s  of v a r y i n g  s y n t a c t i c  s t r u c t u r e  accompanied  ,by 
s e t s  o f  t h r e e  s y m b o l s .  The s e n t e n c e s  m u s t  b e  a n a l y z e d  t o  
d e t e r m i n e  w h e t h e r  t h e y  c o r r e c t l y  d e s c r i b e  t h e  o r d e r i n g  o f  t h e  
c h a r a c t e r s  i n  t h e  s y m b o l  s e t .  T h i s  v e r s i o n  u s e d  t w o  s e n t e n c e  
items worded e i t h e r  a c t i v e l y / n e g a t i v e l y  o r  p a s s i v e l y / p o s i t i v e l y  
and  d e s c r i b e d  t h r e e  symbols .  T h i s  was c o n s i d e r e d  t h e  h i g h  demand 
l e v e l .  The o b j e c t  f o r  t h e  s u b j e c t  was t o  d e t e r m i n e  whe the r  b o t h  
s e n t e n c e s  m a t c h  i n  t h e i r  c o r r e c t n e s s .  I f  b o t h  s e n t e n c e s  
c o r r e c t l y  d e s c r i b e d  t h e  o r d e r i n g  of t h e  t h r e e  s y m b o l s ,  o r  i f  
n e i t h e r  c o r r e c t l y  d e s c r i b e d  t h e  symbol s ,  t h e  a p p r o p r i a t e  r e s p o n s e  
was p o s i t i v e .  I f  one s e n t e n c e  was c o r r e c t  b u t  t h e  o t h e r  was n o t  
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t h e  a p p r o p r i a t e  r e s p o n s e  was n e g a t i v e .  T h e r e  was a 7.5 sec t ime  
l i m i t  f o r  r e spond ing .  B i n a r y  r e s p o n s e s  were e n t e r e d  m a n u a l l y  on 
t w o  l a b e l e d  k e y s ,  of a f o u r  b u t t o n  k e y p a d ,  p l a c e d  on  t h e  r i g h t  
arm of t h e  s u b j e c t ' s  c h a i r .  

Procedure 

S u b j e c t s  w e r e  s e a t e d i n  a d a r k e n e d  IAC c h a m b e r  f a c i n g  a 1 5  crn 
x 1 5  cm window. Behind t h e  window was t h e  s t i m u l u s  p r e s e n t a t i o n  
d e v i c e .  F o r  t h e  l i g h t s  o n l y  c o n d i t i o n  t h e  s u b j e c t s  were  
i n s t r u c t e d  t o  " r e l a x  and  f i x a t e  on a s m a l l  s q u a r e  a t  t h e  c e n t e r  
of  t h e  d i s p l a y " ,  € o r  t h e  c o g n i t i v e  l o a d i n g  c o n d i t i o n  t h e  s u b j e c t s  
were i n s t r u c t e d  t o  c o n c e n t r a t e  on t h e  task .  Each t r i a l  l a s t e d  82  
sec.  a n d  a f t e r  e v e r y  t h r e e  t r i a l s  t h e  e x p e r i m e n t e r  e n t e r e d  t h e  
b o o t h  t o  i n q u i r e  a b o u t  t h e  s t a t u s  of t h e  s u b j e c t  ( a l e r t n e s s ,  
f a t i g u e  e t c ) ;  e v e r y  s i x t h  t r i a l  t h e  s u b j e c t s  were g i v e n  a 3-6  
m i n .  b r e a k .  S e s s i o n s  w e r e  e i t h e r  1 2  o r  1 8  t r i a l s  l o n g .  
S u b j e c t s  were a d v i s e d  t h a t  t h e  sess ion  c o u l d  b e  t e r m i n a t e d  a t  any 
t i m e  upon t h e i r  r e q u e s t .  

T r a n s i e n t  d a t a  was c o l l e c t e d  f r o m  s u b j e c t s  a t  t h e  e n d  o f  
t h e  same s e s s i o n s  i n  which  s t e a d y  s t a t e  d a t a  was c o l l e c t e d .  Data 
was c o l l e c t e d  f o r  f o u r  t r i a l s  o f  l i g h t s  o n l y  ( n o  t a s k  l o a d )  a n d  
t h e n  f o r  f o u r  t r i a l s  i n  wh ich  s u b j e c t s  p e r f o r m e d  t h e  g r a m m a t i c a l  
r e a s o n i n g  t a s k  ( t a s k  l o a d i n g ) .  

Analysis 

E a n i p u l a t i o n s  of t h e  f a s t  f o u r i e r  t r a n s f o r m s  of t h e  p h o t o  
c e l l  s i g n a l  ( i n p u t )  a n d  t h e  e v o k e d  r e s p o n s e  p o t e n t i a l  s i g n a l  
( o u t p u t )  y i e l d s  a d e s c r i b i n g  f u n c t i o n  wh ich  i s  a complex  m e a s u r e  
o f  t h e  o u t p u t - i n p u t  r e l a t i o n s h i p  of  t h i s  s y s t e m .  The f o c u s  of  
t h i s  p r o j e c t  was o n  t h e  a m p l i t u d e  r a t i o  a n d  t h e  p h a s e  a n g l e  
m e a s u r e s  o b t a i n e d  f r o m  t h e s e  c o m p u t a t i o n s .  

For  SOS s t i m u l a t i o n  we were i n t e r e s t e d  i n  e s t i m a t e s  of mean 
va lues  f o r  t h e  g a i n  a n d  p h a s e  c o m p u t a t i o n s  a c r o s s  r e p l i c a t i o n s .  
F o r  i n d i c a t i o n  of  mean v a r i a b i l i t y  w e  c a l c u l a t e d  t h e  s t a n d a r d  
e r r o r  by cor;.lputing t h e  s t a n d a r d  d e v i a t i o n  a c r o s s  r e p l i c a t i o n s  and  
d i v i d i n g  b y  t h e  s q u a r e  r o o t  of t h e  n u m b e r  o f  r e p l i c a t i o n s .  I f  
t h e  da t a  had been  n o r m a l l y  d i s t r i b u t e d  t h e s e  c o m p u t a t i o n s  would 
have ,  i n  f a c t ,  been  a m e a s u r e  of s t a n d a r d  e r r o r .  

For t r a n s i e n t  s t i m u l a t i o n  c o l l e c t e d  da ta  was a n a l y z e d  w i t h  
a DEC 1 1 / 3 4  c o m p u t e r .  T i m e  l o c k  a v e r a g i n g  of e a c h  of  t h e  4 0  
s e g m e n t s  f o r  e a c h  t r i a l  was d o n e  f i r s t ,  t h e n  a v e r a g i n g  a c r o s s  
t r i a l s  f o r  e a c h  c o n d i t i o n  ( 4  t r i a l s  p e r  c o n d i t i o n )  was per formed.  
Time r e s p o n s e s  were p l o t t e d  f o r  l i g h t s  o n l y  and 
t a sk  l o a d i n g  c o n d i t i o n s .  I n  a d d i t i o n ,  t i m e  r e s p o n s e s  w e r e  F a s t  
F o u r i e r  T rans fo rmed  and  d e s c r i b i n g  f u n c t i o n  g a i n  and  p h a s e  v a l u e s  
w e r e  c o m p u t e d .  The  d e s c r i b i n g  f u n c t i o n s  were p l o t t e d ,  f o r  
c o m p a r i s o n ,  w i t h  sum of s i n e s  g e n e r a t e d  d e s c r i b i n g  f u n c t i o n s .  

Recording 

R e c o r d i n g  was d o n e  w i t h  Eeckman s i l v e r / s i l v e r  c h l o r i d e  
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e l e c t r o d e s  a t  0 2 ,  w i t h  l i n k e d  m a s t o i d s  a s  g r o u n d  a n d  r e f e r e n c e  
a c c o r d i n g  t o  t h e  1 0 - 2 0  I n t e r n a t i o n a l  Sys t em.  The r e s i s t a n c e  
between t h e  e l e c t r o d e s  was l e s s  t h a n  5 I: ohms. 

RESULTS and DISCUSSION 

T i m e  l o c k e d  a v e r a g e  r e s p o n s e s  to t h e  p u l s e  s t i m u l u s ,  f o r  
b o t h  l i g h t s  o n l y  and t a s k  l o a d i n g  a r e  p r e s e n t e d  i n  F i g  2 f o r  f o u r  
s u b j e c t s .  S t r o n g  e f f e c t s  f r o m  t a s k  l o a d i n g ,  n a m e l y  o v e r a l l  
d e c r e a s e s  i n  r e s p o n s e  peaks  a r e  p r e s e n t  f o r  s u b j e c t s  0 2 ,  0 3 ,  and 
05. An o p p o s i t e  t r e n d ,  a s l i g h t  i n c r e a s e  i n  r e sponse  peaks  w i t h  
t ask  l o a d i n g ,  can be  seen f o r  s u b j e c t  15. T y p i c a l l y  t ime l o c k e d  
ave raged  d a t a ,  such  a s  t h i s ,  is  ana lyzed  u s i n g  component a n a l y s i s  
t e c h n i q u e s  o r  p r i n c i p a l  f a c t o r  a n a l y s i s  (Regan 1 9 7 3 ,  John et .al .  
1 9 7 3 ) .  I t  i s  p o s s i b l e  t o  take t h i s  d a t a  a s t e p  f u r t h e r ,  i n t o  t h e  
f r e q u e n c y  d o m a i n ,  by c o m p u t i n g  d e c r i b i n g  f u n c t i o n s  a s  was d o n e  
f o r  s t e a d y  s t a t e  EXP d a t a .  

Corresponding  d e s c r i b i n g  f u n c t i o n  r e s u l t s  a r e  g i v e n  i n  F i g  3. 
An i m p o r t a n t  r e l a t i o n s h i p  t o  o b s e r v e  i s  t h e  m a p p i n g  b e t w e e n  
t r a n s i e n t  t ime a v e r a g e  changes,  r e l a t e d  t o  t a s k  l o a d i n g  e f f e c t s  
( f r o m  F i g  2 )  a n d  c o r r e s p o n d i n g  d e s c r i b i n g  f u n c t i o n  c h a n g e s ,  i n  
t h e  f r e q u e n c y  d o m a i n  ( F i g  3 ) .  S u b j e c t s  0 2 ,  0 3 ,  and  05 ,  who 
e x h i b i t e d  a m p l i t u d e  dec remen t s  i n  t h e i r  a v e r a g e  t i m e  r e s p o n s e s  
w i t h  t a s k  l o a d i n g ,  showed a. c o n c o m i t a n t  d e c r e a s e  i n  d e s c r i b i n g  
f u n c t i o n  g a i n  c u r v e s .  I t  i s  i n t e r e s t i n g  t o  n o t e  where t h e  
g r e a t e s t  g a i n  c h a n g e s  o c c u r e d .  For  s u b j e c t s  0 2  a n d  0 5  t h e s e  
c h a n g e s  w e r e  i n  t h e  l o w e r  f r e q u e n c y  r a n g e  ( c e n t e r e d  a b o u t  t h e  
a l p h a  f r equency  band, 1 0  Ez), w h i l e  f o r  s u b j e c t  0 3  a r e d u c t i o n  i n  
g a i n ,  w i t h  t a s k  l o a d i n g ,  occured  w i t h i n  a h i g h e r ,  f r equency  r a n g e  
( t h e  b e t a  band ,  1 6  Hz). I n  c o n t r a s t  t h e  g a i n  c u r v e  f o r  s u b j e c t  
1 5  showed a n  i n c r e a s e ,  w i t h  t a s k  l o a d i n g ,  a b o v e  and  b e l o w  1 0  Mz 
w i t h  a n o t i c a b l e  2 e c r e a s e  at 1 0  E z ,  c o r r e s p o n d i n g  t o  t i m e  
ave raged  a m p l i t u d e  i n c r e a s e s .  

R e s u l t s  of t a s k  l o a d i n g  e f f e c t s  f o r  t h e  same f o u r  s u b j e c t s ,  
b u t  w i t h  SOS s t i m u l a t i o n ,  a r e  shown i n  f i g u r e  4 .  D a t a  p l o t t e d  
h e r e  r e p r e s e n t s  t h e  a v e r a g e s  from s i x  40-second r e p l i c a t i o n s  € o r  
e a c h  c o n d i t i o n  f o r  e a c h  s u b j e c t .  S t a n d a r d  e r r o r  a b o u t  t h e  m e a n  
i s  r e p r e s e n t e d  by t h e  v e r t i c s l  l i n e s  a t  e a c h  d a t a  p o i n t  on  t h e  
p l o t s .  R e f e r r i n g  t o  f i g  4, p r o p e r t i e s  of t h e s e  c u r v e s  t o  o b s e r v e  
a r e  t h e  u n i q u e n e s s  o r  ' s i g n a t u r e '  of t h e  p a i r  of d e s c r i b i n g  
f u n c t i o n s  f o r  e a c h  s u b j e c t .  For  i n i t i a l  a n a l y s i s  a p p l i e d  t o  
t a s k - l o a d i n g  v s .  n o  t a s k - l o a d  c o n d i t i o n s  w e  h a v e  f o u n d  t h e  
e f f e c t s  of t a s k - l o a d  t o  b e  r e l a t e d  t o  t h i s  s i g n a t u r e .  S u b j e c t  05 
e x h i b i t s  a l a r g e  r e s o n a n t  peak  a t  1 0  Hz ( a l p h a  b a n d ) ,  w h i c h  
d e c r e a s e s  d u r i n g  t a s k  l oad ing .  There i s  a commensurate d e c r e a s e  
i n  s t e e p n e s s  of t h e  p h a s e  c u r v e  a b o u t  P O  Hz,  i n d i c a t i n g  a 
r e d u c t i o n  i n  r e s o n a n c e .  T h i s  r e s o n a n c e  r e d u c t i o n  c a n  b e  
c o n s i d e r e d ,  i n  s y s t e m s  e n g i n e e r i n g  t e r m s ,  a n  i n c r e a s e  i n  t h e  
d a m p i n g  c o e f f i c i e n t  of t h e  d y n a m i c  s y s t e m .  S u b j e c t  0 2  a l s o  
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e x h i b i t s  a l p h a  b a n d  r e s o n a n c e  p r o p e r t i e s .  U n l i k e  s u b j e c t  0 5 ,  
h o w e v e r ,  t h e r e  i s  a n  i n c r e a s e  i n  g a i n  a t  t h e  h i g h e r  f r e q u e n c y  
r e g i o n  ( i n  t h e  1 4  132, b e t a  b a n d )  w i t h  t a s k - l o a d i n g .  S u b j e c t  0 3  
shows b e t a  band r e s o n a n c e  and  w i t h  t a s k - l o a d i n g  e x h i b i t s  a g a i n  
r e d u c t i o n  i n  t h e  r e s o n a n c e  r e g i o n ,  s i m i l a r  t o  s u b j e c t  0 5 ,  b u t  i n  
t h e  b e t a  b a n d .  O n l y  m i n o r  e f f e c t s  f r o m  t a s k  l o a d i n g  were  
e x h i b i t e d  by s u b j e c t  1 5 ,  i n  terms of a s l i g h t  i n c r e a s e  i n  h i g h e r  
f r e q u e n c y  s e n s i t i v i t y ,  T h u s  i t  seems t h a t  s u b j e c t s  t h a t  a r e  
a l p h a  r e s p o n d e r s  ( s u b j e c t s  t h a t  show a n  a l p h a - b a n d  r e s o n a n c e ,  
e.g. s u b  0 5 )  show a n  a l p h a  d e c r e m e n t .  Mona lpha  r e s p o n d e r s  
( t h o s e  t h a t  l a c k  t h e  a l p h a  r e s o n a n c e  peak e.g. ,  s u b  1 5 )  t e n d  n o t  
t o  show t h i s  a lpha-band d e c r e m e n t  w i t h  t a sk  l o a d i n g .  

F i g u r e  5 s h o w s ,  c o m b i n e d  o n  e a c h  of  t h e  f o u r  p l o t s ,  t a s k  
a n d  n o  t a s k  r e s u l t s  f o r  b o t h  t r a n s i e n t  s t i m u l a t i o n  a n d  s t e a d y  
s t a t e  s t i m u l a t i o n .  The t h i c k e r  s o l i d  l i n e s  a n d  t h e  t h i c k e r  
d a s h e d  l i n e s  a r e  t h e  d e s c r i b i n g  f u n c t i o n s  r e s u l t i n g  f r o m  
t r a n s i e n t  t i m e  a v e r a g e s  ( r e p e a t e d  f r o m  F i g  3 ) .  The  c i r c l e s  a n d  
t r i a n g l e s  r e p r e s e n t  t h e  d e s c r i b i n g  f u n c t i o n  v a l u e s  a t  e a c h  of 
t h e  t e n  c o m p o n e n t  f r e q u e n c i e s  f r o m  t h e  SOS s t i m u l a t i o n  ( f r o m  
f i g u r e  4 )  

The c o r r e s p o n d a n c e  b e t w e e n  s t e a d y  s t a t e  a n d  t r a n s i e n t  
d e s c r i b i n g  f u n c t i o n  c u r v e s  i s  n o t e w o r t h y ,  D e s c r i b i n g  f u n c t i o n s  
€ o r  s u b j e c t  0 5  s h o w  c o r r e s p o n d i n g  r e g i o n s  o f  p e a k  g a i n  
s e n s i t i v i t y  f o r  t r a n s i e n t  and  s t e a d y  s t a t e  s t i r n u l a t i o n  and  show 
s i m i l a r  g a i n  r e d u c t i o n  w i t h  t a s k  l o a d i n g .  S u b j e c t  0 3  s h o w s  
s i m i l a r  c h a n g e s  a c r o s s  s t i m u l i  i n  t h e  b e t a  r a n g e  of t h e  g a i n  
c u r v e .  T h u s  f o r  b o t h  s u b j e c t s  t h e  e f f e c t s  d u e  t o  t a s k  l o a d i n g ,  
a s  i n d i c a t e d  by  d e s c r i b i n g  f u n c t i o n  c h a n g e s ,  a r e  much t h e  same 
a c r o s s  s t i m u l u s  c o n d i t i o n s .  F u r t h e r m o r e  t h e  p h a s e  c u r v e s  have  a 
s i m i l a r  s h a p e ,  a c r o s s  s t i m u l i  and  a c r o s s  t a sk  c o n d i t i o n s  f o r  a l l  
s u b j e c t s .  The o v e r a l l  c o r r e s p o n d a n c e  be tween  d e s c r i b i n g  f u n c t i o r ,  
d a t a  € o r  t r a n s i e n t  and s t e a d y  s t a t e  s t i m u l a t i o n  i s  r e m a r k a b l e  f o r  
a l l  f o u r  s u b j e c t s .  

One c o n d i t i o n  t h a t  seems t o  b e  s i g n i f i c a n t ,  b u t  t h e  e f f e c t  
o f  w h i c h  i s  n o t  y e t  a c c o u n t e d  f o r l  i s  a r o u s a l  l e v e l .  T h i s  i s  
s u g g e s t e d  by  t h e  r e s p o n s e s  o f  s u b j e c t  0 2 .  F o r  t h e  t r a n s i e n t  
s t i m u l u s ,  t i m e  r e s p o n s e s  show a marked change  be tween  no l o a d  and 
t a s k  l o a d i n g  ( f i g  2)  w i t h  a c o r r e s p o n d i n g l y  s i g n i f i c a n t  change  i n  
t h e  f r e q u e n c y  d o m a i n  i n  t h e  a l p h a  r e g i o n  ( E i g .  3 ) .  From t h i s  
d a t a  w e  would c o n c l u d e  t h a t  w i t h  t r a n s i e n t  s t i m u l a t i o n  s u b j e c t  0 2  
i s  a s t r o n g  a l p h a  p r o d u c e r .  P a s t  r e s u l t s  i n d i c a t e  t h a t  t h i s  
s u b j e c t  i s  a s t r o n g  a l p h a  p r o d u c e r  w i t h  s t e a d y  s t a t e  s t i m u l a t i o n  
a s  well  ( s e e  d a t a  f o r  s u b j e c t  "RP" i n  J u n k e r  a n d  P e i o ,  1 9 8 4 ) .  
R e f e r r i n g  t o  f i g .  5 f o r  s u b j e c t  0 2 ,  h o w e v e r ,  t h i s  i s  n o t  
i n d i c a t e d  by t h e  s t e a d y  s t a t e  g a i n  c u r v e s .  I n  f a c t  l i t t l e  change  
o c c u r r e d  i n  t h e  a l p h a  band w i t h  t a s k  l o a d i n g .  The re  was however  
an  i n c r e a s e  i n  s t e a d y  s t a t e  ERP g a i n  s e n s i t i v i t y  w i t h i n  t h e  b e t a  
banc?. T h i s  s u b j e c t ' s  s t e a d y  s t a t e  E R P  d a t a  w i t h  no  t a s k  l o a d i n g  
d o e s  n o t  show t h e  u s u a l  a l p h a  band r e s o n a n c e  ( h i g h  g a i n )  and  h a s  
m e a s u r e s  w i t h  l a r g e  v a r i a b i l i t y  ( i n d i c a t e d  by  s t a n d a r d  e r r o r )  
wh ich  may b e  a n  i n d i c a t i o n  of  l o w e r e d  l e v e l  of a r o u s a l :  i,e. h i g h  
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v a r i a b i l i t y  may b e  a n  i n d i c a t o r  o f  l o w e r e d  a r o u s a l .  F u r t h e r ,  
g i v e n  a c o n d i t i o n  or' l o w e r e d  a r o u s a l ,  i t  c o u l d  b e  a r g u e d  t h a t  
t a s k  l o a d i n g  was s u f f i c i e n t l y  engag ing  t o  i nc rease  t h e  s u b j e c t s  
a t t e n t i o n  l e v e l  t o  t h e  t a sk ,  a s  i n d i c a t e d  by g a i n  i nc rease  i n  t h e  
b e t a  r eg ion .  These  h y p o t h e s e s  s u g g e s t  t h a t  g e n e r a l  a r o u s a l  l e v e l  
and /o r  a t t e n t i o n  t o  a s p e c i f i c  t a s k  may b e  o b s e r v e d  s e p e r a t e l y  
i n  E R P  d e s c r i b i n g  f u n c t i o n s .  

From w o r k i n 9  w i t h  b o t h  t r a n s i e n t  and s t e a d y  s t a t e  EPP's we 
h z v e  f o u n d  i t  c u i t e  u s e f u l  t o  u s e  b o t h  s t i n u l a t i o n  t e c h n i q u e s .  
As h y p o t h e s i z e d  by  Regan ,  r e s u l t s  d o  i n  f a c t  c o m p l i m e n t  o n e  
a n o t h e r .  D e s c r i b i n g  f u n c t i o n s  o b t a i n e d  by t r a n s i e n t  s t i n u l a t i o n  
s p a n  a w i d e  f r e q u e n c y  r a n g e  ( 0 - 5 0  I:z i n  t h i s  s t u d y ) .  T h u s  t h e y  
p r o v i d e  o v e r a l l  spec t r a l  r e s p o n s e  f o r  moclelinq and  p r o v i d e  c lues  
t o  phase  unwrapping  b e g i n n i n g  a t  0 I!z. I n  c o n t r a s t  s t e a d y  s t a t e  
s t i m u l a t i o n  p r o v i d e s  t h e  a b i l i t y  t o  c o n c e n t r a t e  s t i m u l u s  a t  
s e l e c t e d  f r e q u e n c i e s .  As a r e s u l t  s t e a d y  s t a t e  s t i m u l a t i o n  
y i e l d s  ERP m e a s u r e s  and background EEG s i m u l t a n e o u s l y .  

The  m o s t  i m p o r t a n t  p o i n t  o f  o u r  r e s u l t s ,  a t  t h i s  t i m e ,  i s  
t h e  f a c t  t h a t  t h e  f o r m s  o f  t h e  d e s c r i b i n g  f u n c t i o n s  a r e  
r e m a r k a b l y  s i m i l a r  a c r o s s  s t i m u l i .  From t h i s  we c o n c l u d e  t h a t  we 
a r e  j u s t i f i e d  i n  c o n t i n u i n g  w i t h  t h e  a p p l i c a t i o n  of  a s y s t e m s  
e n g i n e e r i n g  p e r s p e c t i v e  i n  d e s c r i b i n g  n e u r o s e n s o r y  f u n c t i o n i n g .  
I n  f a c t ,  d u e  t o  o b s e r v e d  s u b j e c t  d i f f e r e n c e s ,  a s y s t e m s  
e n g i n e e r i n g  m o d e l  s t r u c t u r e  may b e  t h e  o n l y  way t o  c a p t u r e  t h e  
i n d i v i d u a l  d i f f e r e n c e s  i n  a u s e f u l  and  q u a n t i t a t i v e  manner. 

Y?e b e l i e v e  t h e  n e x t  s t e p  i n  a p p l y i n q  ou r  s y s t e m s  e n g i n e e r i n g  
m e t h o d o l o g y  w i l l  b e  " c l o s i n g  t h e  l o o p " .  E17 a l l o t i i n g  t h e  human 
o p e r a t o r  VERP f e e d b a c k ,  i s s u e s  of a t t e n t i o n  and  a r o u s a l  c o u l d  b e  
c o n t r o l l e d .  T h i s  s y s t e m ,  w i t h o u t  f e e d b a c k ,  h a s  n o  ' r e a s o n '  t o  
respond.. Through t h e  use of f e e d b a c k  d i s p l a y s  t h e  f u l l  power of  
s y s t e m s  e n q i n e e r i n g  a n a l y s i s  c o u l d  b e  s p p l i e d  t o  t h e s e  human 
r e s p o n s e  mechanisms.  
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figure 1. Experimental Setup 
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