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Means and medians o f  v i s u a l  evoked p o t e n t i a l s  were compared t o  
determine i f  t h e  medians would prov ide l e s s  no isy  r e s u l t s  than 
the means o r  r e q u i r e  fewer samples f o r  the  same noise. The 
means and medians o f  a 100 onse t -o f f se t  checkerboard VEPs were 
computed and p l o t t e d  f o r  (1 )  the  f u l l  sample, (2) the  f i r s t  
and second 50; (3 )  t h e  f i r s t  25. I n  add i t i on ,  running means 
were examined. Comparable means showed less  s c a t t e r  than 
the  medians. A N340 wave was seen i n  the mean o f  the  second 
50 VEPs n o t  observable i n  t h e  f i r s t 5 0 .  A running mean o f  3 
g ives a curve as use fu l  as the  mean o f  100 w i t h  on ly  50 VEPs 
w i t h i n  t h e  f i r s t  250 msec. Samples o f  25 VEPs a r e  n o t  adequate 
t o  prov ide a use fu l  waveform b u t  may be used t o  determine 
economical ly t h e  peak ampli tude w i t h  a p o t e n t i a l  e r r o r  o f  
l e s s  than 4%. Th is  can be use fu l  i n  the  o b j e c t i v e  measurement 
o f  v i s u a l  a c t u i t y .  

I. I n t r o d u c t i o n  the noise being random r e l a t i v e  t o  the 
s t imulus increases w i t h  t h e  square r o o t  

The processing o f  evoked poten- o f  t h e  number o f  samples. 
t i a l  data i s  p r i m a r i l y  a s igna l - to -  
no ise r a t i o  problem. The nonstat ion-  I I. Background 
a r y  o r  t rans ien t  s igna l  i s  o f  the o rder  
o f  1/10 o r  l e s s  the ampli tude o f  the The noise may n o t  be e n t i r e l y  ran- 
noise. The p r i n c i p l e s  o f  neurobio- dom i n  the sense t h a t  movement a r t i f a c t s  
l o g i c a l  s igna l  ana lys is  have been can cause l a r g e  r e l a t i v e 1  y in f requen t  
t r e a t e d  genera l l y  and ex tens ive ly  by departures, and r e s u l t s  t h a t  1 i e  we1 1 
Glaser and Ruchkin.= ou ts ide  the usual d i s t r i b u t i o n  o f  noise. 

There a r e  techniques t o  e l i m i n a t e  these 
I n  v i s u a l  evoked p o t e n t i a l s  the o u t l i e r s .  It can be done manually by 

pr imary noise i s  the electroencephalo- record ing each sample t race  on magnetic 
graphic p o t e n t i a l s  w i t h  a peak-to- tape and r e j e c t i n g  any t r a c e  on subse- 
peak ampli tude o f  t h e  o rder  o f  501~v. quent inspec t ion  t h a t  shows an ampl i -  
Genera l ly  the  s igna l  i s  ex t rac ted  from tude which extended beyond an a r b i t r a r y  
the noise by averaging, f i n d i n g  the  c r i t e r i o n .  This  procedure can a l s o  be 
mean o f  50 o r  100 samples o f  v i sua l  done au tomat i ca l l y  w i t h  an e l e c t r o n i c  
evoked p o t e n t i a l s  o r  b locks.  As i s  amp1 i tude window. 
we1 1 known, the s igna l ,  being t ime- 
locked t o  the s t imulus,  increases I n  cons ider ing  the design o f  a 
d i r e c t l y  w i t h  the number o f  samples; microprocessor-based VEP machine7 i t  
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occurred t o  us t h a t  i f  such o u t l  i e r s  
d i d  d i s t o r t  the  averaged evoked poten- 
t i a l  i t  might  be b e t t e r  t o  use the  
median r a t h e r  than t h e  mean. The p r i -  
mary advantage over  an e l e c t r o n i c  am- 
p l  i t u d e  window would be t h a t  no a r b i -  
t r a r y  ampl i tude would have t o  be chosen. 
If the  window i s  too  l a r g e  i t  i s  use- 
l e s s  and if t o o  small the  YEP wave form 
5s c l i p p e d  and d i s t o r t e d .  A median 
would a u t o n l a t i c ~ l l y  e l i m i n a t e  large,  
in f requent  o u t l i e r s .  An e a r l y  consi -  
d e r a t i o n  o f  the  median was made by 
Rosenbl i th  i n  1962.9 Employnent o f  the  
median was sugyested by Borda and 
F r o s t  i n  1968. As discussed i n  Glasner 
and Ruchkin (p. 196)5, niedian evoked 
responses have been shown t o  p rov ide  
g rea te r  i n s e n s i t i v i t y  t o  l a r g e r  a r t i -  
fac tua l  noice. I t  a l s o  y i e l d s  a sub- 
s t a n t i a l l y  poorer (h igher  standard de- 
v i a t i o n )  est imate o f  t h e  s igna l  com- 
pared t o  the  avcrage i n  those cases 
when t h e  no ise  i s  a r t i f a c t  free:' 
Since the r e s u l t  depends on t h e  k i n d  o f  
s igna l  be ing processed, we decided t o  
record  onse t -o f f se t  VEPs t o  compare 
the means and medians o f  t h e  samples 
i n  whole and i n  p a r t .  We a l s o  examined 
running averages which a r e  i n  e f f e c t  
low-pass d i g i t a l  f i l t e r s .  The r e s u l t s  
have prov ided us w i  t h  some guidance on 
t h e  processing o f  VEPs and the  requ i red  
number o f  samples. 

111. Method 

A. St imulus 
. - 

A square checkerboard 10' on a 
s ide  w i t h  d e t a i  1  o f  12.5 minarc, o r  
Snel len 20/250, was presented. Onset- 
o f f se t  t ime was 60 msec a f t e r  which 
the  same average i l l u m i n a t i o n  was seen 
i n  the  uni form f i e l d .  The t o t a l  p e r i o d  
l a s t e d  750 msec. Contrast  was 70% and 
the maximum luminance was 50 c/m7. The 
st imulus was presented w i t h  s l i d e  pro- 
j e c t o r s  and e lec t romagnet i ca l l y  con- 
t r o l l e d  shu t te rs  i n  another room and 
r e t r o p r o j e c t e d  on a t rans1 ucent screen 
a t  2  meters from the eyes. 

B. Recording 

Grass EEG elect rodes were placed 2 
cm above the i n i o n  on the  m i d l i n e  
( a c t i v e ) ,  on one ear lobe (remote) and 
on the o t h e r  lobe (ground). Impedance 
between any two was l e s s  than 3 ~ n .  Two 
Grass p-15 AC preamp1 i f i e r s  i n  cascade 
gave a ga in  o f  105 w i t h  a ha l f -amp l i -  
tude band w i d t h  s e t  a t  1 and 100 Hz. 
The ou tpu t  a t  ~ 0 . 5  v o l t s  maximum was 
fed i n t o  an FM ins t rumenta t ion  recorder  
on 1" tape a t  7'i inches per  sec. One 
channel c a r r i e d  the data and there  was 
an e x t r a  s t imulus synchronizat ion s i g -  

na l  on another i n  the  form o f  2V, 10 
msec square wave. The tape was t rans-  
fonned f rom analog t o  d i g i t a l  w i t h  11 
b i t  accuracy by a Modcomp I 1  computer 
w i t h  appropr ia te  p rograming .  Analys is  
o f  the  d i g i t a l  t8pe was done on a Con- 
t r o l  Data Corporat ion 6400 cowputer 
w i t h  appropr ia te  For t ran  programs and 
graphics. The data i n  the  memory bank 
were f i t t e d  i n t o  700 Ofie msec b ins .  I n  
p l o t t i n g ,  each h o r i z o n t a l  ( o r  X a x i s )  
d o t  represents 5.56 msec, the re  being 
9 dots  f o r  50 msec. Thus, the  5 o r  6. 1 
msec b i n s  a r e  combined i f  the  amp1 i tude 
( o r  Y a x i s )  values a r e  s i m i l a r  b u t  a re  
separate i f  no t .  On t h e  v e r t i c a l  Y a x i s  
each d o t  represents 8.33 u n i t s  o f  ampl i -  
tude when there  a r e  6 dots  f o r  50 d i v i -  
s ions and 10.00 u n i t s  when there  a r e  5 
do ts  f o r  50 d i v i s i o n s .  The t o t a l  pos i -  
t i v e  range i s  300 d i v i s i o n s  which i s  
equal t o  3 uv making each v e r t i c a l  sca le 
d o t  0.083 uv o r  0.100 uv depending on 
whether t h e  6 o r  5  d o t  separat ion i s  
used. I f  t h e  amp1 i tude o f  the  5 o r  6 
b ins  between dots on t h e  h o r i z o n t a l  o r  
X a x i s  l i e s  w i t h i n  one v e r t i c a l  p d i r  o f  
dots  ( t0.042 uv f o r  6  d o t  separat ion o r  
+0.0500 uv f o r  5  d o t  separat ions) ,  a  
s i n g l e  p o i n t  i s  p r i n t e d  f o r  these b i n s  
( low frequency o r  steady response). I f  
t h e  values a r e  spread o u t  (h igh  frequency 
o r  no isy  response) then mu1 t i p l e  p o i n t s  
a r e  p r i n t e d  i n  t h e  same v e r t i c a l  column. 
It can be seen a t  a  glance how much h igh  
frequency r e s i d u a l  no ise  t h e  data e x h i b i t .  

I V .  Resul ts  

A. Com a r i s o n  o f  Mean and Median 
h - j c k s  o f  Data 

F igure  1 shows the  mean o f  100 
b locks o f  data, t h a t  i s  a  100 VEP s. 
F igure 2 shows the median curve o f  the 
same data. I t  i s  ev ident  t h a t  the median 
i s  n o i s i e r  than the  mean. This  r e s u l t  i s  
t o  be expected i f  the no ise  i n  the  raw 
data has a d i s t r i b u t i o n  approximately 
Gaussian. I f ,  on the  o t h e r  hand, the re  
were extreme values, i r r e g u l a r  o u t l  i e r s ,  
one might  expect the median t o  be less  
no isy  than the  mean. I t  can be i n f e r r e d ,  
the re fo re  t h a t  raw data here a re  w i thou t  
s i g n i f i c a n t  extreme o u t l i e r s .  

B.  Comparison o f  Mean and Median 
f o r  50 and 25 87ocks 

When the mean and median- curves 
a re  compared f o r  b locks o f  50, the  mean 
i s  s t i l l  b e t t e r .  Blocks o f  25 g i v e  
n o i s i e r  curves, b u t  the mean remains 
super io r  to, the  aedian. The median 
curves a re  n o t  presented here. 



C.  Comparison o f  the  Means o f  t h e  
F i r s t  Block o f  50 w i t h  the ---. 

Second Biock o f  50 

Figures 3 and 4 show t h e  f i r s t  and 
second b locks o f  50 respec t i ve ly ,  each 
separated f rom the  o r i g i n a l  100 b locks.  
They seem very s i m i l a r  except f o r  a 
negat ive (downward) wave a t  a la tency  
o f  about 340 msec (N,,o) i n  F ig .  4 b u t  
n o t  i n  F ig .  3. Th is  wave i s  a l s o  v i s i -  
b l e  i n  Figs. 1 and 2. These longer  
1 atency waves a r e  genera l l y  considered 
t o  be associated more w i t h  c o g n i t i v e  
r a t h e r  than w i t h  sensory o r  perceptual  
processes, and there  i s  a l a r g e  li tera -  
t u r e  i n  t h i s  f i e l d  ( f o r  example - see 
Barber1 and Beglei  te r2 ) .  It i s  poss i -  
b l e  t h a t  the  sub jec t  became bored o r  
daydreamed more i n  one h a l f  o f  the  r u n  
than t h e  other .  I t i n d i c a t e s  t h e  de- 
s i  r a b i  1 i t y  o f  extendi  ng t h e  experiment 
f o r  t h e  examination o f  l onger  la tency  
phenomena than f o r  shor t .  

D. Running Means and Medians 

I n  a se r ies  o f  experiments, b locks 
o f  data, 100 50, and 25 were processed 
t o  g i v e  running averages ( e f f e c t i v e l y  
low pass d i g i t a l  f i l t e r i n g )  b o t h  mean 
and median, i n  groups o f  3, 10, 25 
samples. I f  t h e  under l y ing  s igna l  does 
n o t  vary r a p i d l y  i n  time, these smooth- 
i n g ~  may be expected t o  reduce the 
no ise  and n o t  a f f e c t  the  s igna l  sub- 
s t a n t i a l l y .  They a r e  use fu l  f o r  v a r i a b l e  
l a t e n c i e s  as w e l l .  

Running means o f  3 w i t h  a b lock o f  
100 gave v i r t u a l l y  the  same r e s u l t s  as 
the  s t r a i g h t  mean, F ig.  1. The run- 
n ing  mean o f  3 f o r  50 blocks, Fig. 5, 
appears the same i n  form b u t  smoother 
and there fo re ,  b e t t e r  than t h e  mean o f  
50 blocks, F ig .  3. I n  fac t ,  the  run- 
n ing  mean o f  3 f o r  50 blocks, Fig. 5, 
appears as good as the  mean o f  100 
blocks, Fig. 1, us ing  h a l f  t h e  b locks 
and record ing  time, as long  as t h e  i n -  
t e r e s t  i s  i n  r e l a t i v e l y  s h o r t  l a tenc ies ,  
w i t h i n  250 msec. The running median o f  
three f o r  100 b locks e x h i b i t s  much 
smoothing, a l though much o f  t h e  d e t a i l  
i s  re ta ined,  F ig .  6. However, a s im i -  
l a r  r e s u l t  i s  obta ined w i t h  fewer sam- 
p l e s  by the running mean o f  3 w i t h  50 
blocks. The same can be sa id  f o r  t h e  
s i m i l a r  running medians. 

A running mean o f  25 shows too much 
d i s t o r t i o n  t o  be u s e f u l  i n  record ing  
the waveform, whether they be means o r  
medians, s t r a i g h t  o r  running. A1 so 
running means and medians o f  25 smooth 
the data t o  a l o s s  o f  d e t a i l  and a r e  
n o t  a t  a i l  use fu l  f o r  waveform analys is .  

E. Peak Amplitude 

There a r e  programs where the  VEP 
waveform in fo rmat ion  may be s a c r i f i c e d  
because a peak ampl i tude i s  adequate, 
f o r  example, i n  an o b j e c t i v e  v i s u a l  
a c u i t y  programe. An ana lys is  was made 
o f  the peak ampli tudes o f  t h e  mean f o r  
100 blocks, the mean f o r  each o f  t h e  
two b locks o f  50 and the  mean f o r  a 
b lock  o f  25. The l a t t e r  i s  seen i n  
F ig.  7. These values were 2.42, 2.37, 
2.48. and 2.33 uV respec t i ve ly .  The 
d i f f e r e n c e  and presumed e r r o r  was n o t  
g rea te r  than 3.72% i n  us ing t h e  b locks 
o f  25 b u t  t h e  saving i n  b locks and t ime 
o f  record ing  was up t o  th ree- four ths .  
Th is  e r r o r  i s  t r i v i a l ,  compared t o  the  
g r e a t  t ime saving when o n l y  ampli tudes 
a r e  requi red.  

V. D iscuss ion 

Our sub jec t  was a young male a d u l t  
who was an experienced YEP subject .  
The conclus ions we have drawn a r e  f o r  
h i s  data. I t  i s  poss ib le  t h a t  the  - 

median cou ld  be super io r  t o  the  mean 
f o r  a r e s t l e s s  c h i l d  who generates more 
movement a r t i f a c t s .  However, we t h i n k  
o u r  r e s u l t s  a r e  a p p l i c a b l e  f o r  most sub- 
j e c t s .  

F i g u r e  1 showinq the  means o f  LOO 
VEPs compared w e l l  w i t h  the  mean curve  
der i ved  through our  r e g u l a r  c l  i n i c a l  
wean averaging system, based on an 
I n t e l  l e c  computer (microprocessor, 
I n t e l  8003). The curve was drawn w i t h  
an X-Y p l o t t e r  which at tenuated the 
h igher  f requencies (F ig.  8 ) .  Th is  
smoothing a c t i o n  was in t roduced i n t o  
our  computer p r i n t - o u t  curves by em- 
p l o y i n g  the running mean. The com- 
par i son  a1 so shows t h a t  desp i te  a1 1 
t h e  processing, FM tape, analog t o  
d i g i t a l  conversion and computer averaging 
programs, the curve mdintained i t s  bas ic  
c h a r a c t e r i s t i c s .  

Our i n t e r e s t  i n  t h e  treatment o f  
YEP data was s t imu la ted  i n  des igning 
a microprocessor-based i r i s t ru~nen t  t o  
e x t r a c t  as ccononi ical ly as poss ib le ,  
r e l a t i v e  t o  d o c t o r - p a t i e n t  t i n e ,  ob- 
j e c t i v e  a c u i t y  medsurements. Calcu la-  
t i o n  o f  a median requ i res  r e t e n t i o n  o f  
a1 1 the values o r  acceptdnce o f  an 
approx imat ion5.  C a l c u l a t i o n  o f  the mean 
requ i res  r e t e n t  i o n  o f  the  running sum 
and the number o f  samples t o  date. Thus 
there  i s  an advantage o f  the  mean over  
the median as f a r  as computation i s  con- 
cerned. This, i n  a d d i t i o n  t o  our  
graphic  r e s u l t s ,  leads us t o  drop con- 
s i d e r a t i o n  o f  a median program f o r  t h e  
present.  



Our conclusions a r e  i n  agreement 
w i t h  the experiences o f  o t h e r  inves t iga -  
t o r s  i n  r e l a t e d  s i t u a t i o n s .  The mean 
has subs tan t ia l  a n a l y t i c  and s t a t i s t i -  
c a l  advantages over the median so the  
r e s u l t s  obta ined a r e  g r a t i f y i n g .  The 
median i s  known t o  d i s t o r t  c e r t a i n  
s i g n a l s  s ~ b s t a n t i a l l y ' ~ .  

I n  f u t u r e  s tud ies  i t  would be wor th 
cons ider ing  the  use o f  trinwned means 
where both ends o f  the sample d i s t r i b u -  
t i o n  a re  truncated. A trirmned mean 
has t h e  advantage o f  being v i r t u a l l y  
the  same as t h e  mean i t s e l f .  when no ou t -  
1 i e r s  a r e  present.  Ana ly t i c  p r o p e r t i e s  
o f  such est imates a r e  explored i n  
B r i l l i n g e r ,  1980". 

ACKNOWLEDGEMENT 

We thank Dr. Car te r  C o l l i n s  o f  t h e  
Smi th-Ket t lewel l  I n s t i t u t e  o f  Visual 
Sciences f o r  lend ing  us h i s  FM i n s t r u -  
mentat ion tape recorder .  We a r e  a l s o  
g r a t e f u l  t o  Professor  Lane Johnson o f  
t h e  carupus Seismographic S t a t i o n  f o r  
t h e  use o f  the  l4odcomp computer system 
f o r  the  AID conversion. D.R. B. ack- 
nowledge5 the  support o f  NSF g ran t  
MCF 77-22986. 

LEGENDS 

F igure  1. Mean o f  100 VEPs o r  blocks. 
For explanation, see tex t .  

F igure  2. Median o f  100 VEP,s o r  blocks. 
For explanation, see t e x t .  

F igure  3. Mean o f  the  f i r s t  50 VEPs o r  
blocks. For  explanation, see t e x t .  

F igure  4. Mean o f  the  second 50 VEPs 
o r  blocks. For explanation, see 
t e x t .  

F igure  5. Running mean o f  3 f o r  t h e  
f i r s t  50 blocks. For explanation, 
see tex t .  

F igure 6. Running median o f  3 f o r  100 
VEPs o r  blocks. For explanat ion,  
see t e x t .  

~ i ~ u r e  7. Mean o f  the  f i r s t  25 VEPs o r  
blocks. For explanation, see t e x t .  
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