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T h e  Effect  of  I m a g e r y  o n  the  W a v e s h a p e  of the  Visua l  E v o k e d  R e s p o n s e  

In  r ecen t  e x p e r i m e n t s  d e m o n s t r a t i n g  changes  in t he  
w a v e s h a p e  of t he  visual  evoked  response  {VER) when  a 
visual  form is p laced  in t h e  visual  field :,~, i t  is n o t  clear 
w h e t h e r  the  change  is a d i rec t  and  inevi tab le  consequence  
of t he  p a t t e r n e d  d i s t r ibu t ion  of l ight  on t h e  r e t ina  in a 
s y s t e m  for which  precise s o m a t o t o p i e  local izat ion is 
claimed,  or  w h e t h e r  these  changes  man i fes t  t he  cellular 
ac t iv i t ies  under ly ing  cogni t ion.  The  e x p e r i m e n t s  r epor ted  
below sugges t  t h a t  cogni t ive  processes  are ref lected in the  

• V E R  waveshape .  
Methods .  Five  subjec ts  were chosen  f rom an unse lec ted  

group of 20 who had  been  previous ly  s tud ied  ~. In  these  
subjects ,  t he  V E R  had  been  s table  dur ing  r epea t ed  t e s t ing  
over  several  m o n t h s  and  the  waveshapes  h a d  been  re- 
l iably changed  w h e n  d i f fe ren t  geometr ic  forms or  d i f fe rent  
words  were  p laced  in t he  visual  field. Though  such  
changes  in w a v e s h a p e  are  c o n s t a n t  in a g iven individual ,  
t h e y  m a y  be ve ry  d i f fe ren t  f rom one sub jec t  to  an- 
other1,% the  p r e s e n t  s t u d y  is concerned  wi th  changes  
wi th in  indiv iduals  s ince changes  i n v a r i a n t  over  a popula -  
t ion  h a v e  n o t  been  uncovered .  

The  sub jec t  sa t  r e laxed  in a con tou r  chai r  in a d a r k e n e d  
room.  The  VEI~ was  recorded  be tween  an  ac t ive  scalp 
e lec t rode  p laced  in t h e  midl ine  3 cm above  the  inion and  
a r igh t  ear lobe reference.  Po ten t i a l s  were ampl i f ied  by  an  
Offner  t ype  T e l ec t roencepha lograph  s ide - t apped  a t  the  
power  ampli f iers  to  p rov ide  a signal w i th  a range of 4- 3 V 
which  was  the  i n p u t  to  an average  response  c o m p u t e r  
(CAT 400). Ampl i f ier  t ime  c o n s t a n t  se t t ings  were 0.3 sec 
so t h a t  t h e  b a n d - w i d t h  of the  signal r anged  f rom abou t  
0.5-80 cps. 

In  each  expe r imen t ,  4 average  responses  were c o m p u t e d  
f rom mul t ip le  blocks of st imuli ,  each block consis t ing of 
25 or 50 p r e sen t a t i ons  of a pa r t i cu la r  s t imulus .  These  
blocks were p re sen ted  in L a t i n  square  order,  p rov id ing  2 
repl ica t ions  for t he  average  response  to  each  of 2 t y p e s  of 
s t imul i  w i th in  each expe r imen t ,  while  cont ro l l ing  for 
hab i t ua t i on ,  fa t igue  a n d  recency.  The  f inal  average  wave-  
forms  were  there fore  c o m p u t e d  f rom 100 or  200 st imuli .  
The  s t imul i  were  b lack  f igures d r a w n  on  wh i t e  shee t s  of 
c a rdboa rd  m o u n t e d  on  a whi te  wM1 150 cm in f ron t  of t he  
sub jec t :  a square  or a circle 64 square  inches  in area  or 
the  words  ' square '  or  'circle '  e q u a t e d  for the  a rea  of 
p r in t ed  let ters .  The  s t imul i  were br ief ly i l lumina ted  by  
f lashes f rom 2 Icon ix  cold ca thode  f luorescent  t u b e  f lash 
un i t s  p laced  beh ind  the  subject ,  facing the  rear  of t he  
expe r imen ta l  chamber .  Si lent  f lashes were  p roduced  by  
a square  wave  20 msec in du ra t ion  a t  20 V and  repe t i t ion  
ra te  of 1/sec: F lashes  were  d im:  i n t ens i ty  a t  t he  p lane  of 
the  s t imulus  ob jec t  was  0.585 lu /m 2. 

Resul t s .  E a c h  sub jec t  p a r t i c i p a t e d  in 1 or b o t h  of t he  
following e x p e r i m e n t s  : 

(a) Rep l i ca ted  wave fo rms  to  a square  and  a circle were 
ob ta ined  in t h e  m a n n e r  j u s t  descr ibed.  The sub jec t  was  
t h e n  asked to  imagine,  ' ha l luc ina te '  or t h i n k  a b o u t  a 
square  each  t i m e  t h e  f lash i l lumina ted  a circle and  vice 
versa ,  a n d  rep l ica ted  w a v e f o r m s  were  again  ob ta ined .  
Such con t ro l  a n d  ha l luc ina ted  w a v e f o r m s  were  t h e n  
o b t a i n e d  in a l t e rna t i on  as shown  in F igure  A. This  sub jec t  
was  able vo lun ta r i ly  to  mod i fy  t h e  w a v e f o r m  to square  
by  in t roduc ing  and  w i t h d r a w i n g  a pos i t ive -nega t ive  
sequence  b e t w e e n  150 and  200 msec,  t h e r e b y  r ep roduc ing  
the  w a v e f o r m  to circle. Modif ica t ion  of the  wave fo rms  to  
b o t h  square  and  circle is shown in Figure  ]3 f rom a second 
subjec t .  Fo r  each subject ,  the  e x p e r i m e n t  was  r epea t e d  
a t  least  once in a sepa ra te  session several  days  later.  I n  
all, 11 a t t e m p t s  were  m a d e  a t  th is  e x p e r i m e n t  by  4 
subjec ts  w i t h o u t  failure. 

(b) The  sub jec t  was  asked  to  imagine  a square  or  a 
circle, or t h e  word  ' square '  or 'circle '  each  t i m e  t h e  f lash  
i l lumina ted  a b l a n k  field. He  did n o t  s t a t e  t he  order  in 
wh ich  he  imagined  t h e  s t imul i  a n d  th is  was  t h e n  declared 
b y  t h e  exper imen te r s ,  f rom t h e  wave fo rms  ob ta ined ,  on  
the  basis  of d a t a  r ecorded  in previous  sessions whi l s t  
looking a t  t h e  ac tua l  s t imuli .  I n  8 such  e x p e r i m e n t s  on  
4 subjec ts ,  clear  reproduc ib le  dif ferences  in w a v e f o r m  
were  p r o d u c e d  in 5 e x p e r i m e n t s  and  in these  t h e  exper i -  
m e n t e r ' s  p red ic t ions  were  correct .  F igure  C shows such  
differences  (no tab ly  in the  pos i t ive  def lec t ion a t  200 msec) 
o b t a i n e d  in 1 sub jec t  whi ls t  v iewing  a b l ank  field which  

A 

Z, i 

100 repelition$ 
Analysis lim~ 500 mscc 

B 
n ~ 

~ .  F ~  * ~  

firs/sample 
. . . . .  sg~onci sampl~ 

Averaged evoked responses to brief flashes from 3 subjects A, B and 
C. Each numbered group of 4 responses contains 2 replications for 
the average response to each of 2 stimuli. (A) In each group the 
upper pair of waveforms was obtained whilst looking at a circle and 
the lower pair at a square. Groups 1, 3 a1~d 5 were obtained whilst 
the subject perceived the stimulus actually present: groups 2 and 4 
whilst subject was thinking of a square whilst viewing a circle and 
vice versa. (B) Upper pairs of waveforms whilst viewing a square 
and lower whilst viewing circle. In group 1, subject thinking of the 
stimulus actually present; in group 2 thinking of the alternative 
stimulus. (C) In group 1, all responses whilst viewing a blank field: 
upper responses whilst thinking of the word 'square' and lower 
whilst thinking of the word 'circle'. In group 2, subject ~ctuatly 
viewing the words 'square' (upper waveforms) and 'circle' (lower 
waveforms). Cal. 10 [iV. 
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were reproduced  la ter  in the  same session when v iewing  
the  ac tual  s t imuli .  The  difference in waveshape  a t  
150 msec when looking a t  the  words  (C, 2) and when  
looking a t  a b lank  field bu t  th ink ing  of the  words (C, 1) 
should also be noted.  

The  possibi l i ty  t h a t  the  ac t  of imagina t ion  in t roduced  
per iphera l  a r t i fac ts  ar is ing f rom pupi l la ry  changes or  
m o v e m e n t  has no t  found suppor t  in these and o ther  
exper iments .  The  ou tcome  was no t  inf luenced in 2 experi-  
ments  in which  pupi l la ry  and accommoda t i on  reflexes 
were e l imina ted  by  homa t rop ine  and in which  art i f icial  
pupi ls  were  used. Oculograms recorded be tween  electrodes 
p laced above  and below the  orbi t  were  of low ampl i t ude  
and were  no t  inf luenced by  the  shape of the  s t imulus  or  
by  the  ac t  of  hal lucinat ion.  Tension in facial, mas t i ca to ry  
and neck  muscles is diff icult  to  control ,  t hough  subjects  
were  asked to  re lax  as much  as possible. I n  exper iments  
where  tens ion  in these muscles was del ibera te ly  and  
gg~ossly exaggera ted ,  changes in wave fo rm were slight and 
res t r ic ted  to t he  first  100 msec of t he  evoked  response. 
Fur ther ,  s i lent  count ing  of the  st imuli ,  e l iminat ing feed- 
back  f rom vocal  muscu la tu re  did no t  a l ter  the  average  
waveforms.  

Discussion. In  these exper iments ,  the  V E R  waveshape  
corresponds to wha t  t he  subjec t  is th ink ing  and no t  to 
w h a t  s t imulus  is ac tua l ly  present  in the  visual  field or  
whe the r  t he  subjec t  is or is no t  'ha l luc inat ing ' .  The  wave-  
form changes are no t  therefore  l ikely to be due  to some 
general  process, cen t ra l  or  peripheral ,  a ccompany ing  the  
ac t  of imaginat ion .  S o m e w h a t  s imilar  d a t a  have  been 
a t t r i b u t e d  3 to  select ive shifts of a t t en t ion  wi th in  the  
visual  modal i ty ,  b u t  such a shif t  c anno t  account  for the  
changes ob ta ined  in the  second expe r imen t  repor ted  here 
in which subjects  v iewed a b lank  field. The  s t imulus  
condi t ions  and the  f ia t  average  oculograms suggest  t h a t  
t he  centra l  processes invo lved  are  n o t  those  genera t ing  
l a m b d a  waves  4. I t  therefore  seems probable  t h a t  t he  
waveshape  modif ica t ions  described are de te rmined  by  the  

specific cogni t ive  processes under ly ing  the  recognit ion of 
shape, a conclusion suppor ted  by  da t a  of s imilar  impor t  
obta ined  f rom animals  car ry ing  recording electrodes 
chronical ly  imp lan ted  in var ious  brain s t ructures  includ- 
ing the  visual  pathwayS,% 

Zusammen/assung. Unterschiede  der  Wel lenformen,  
wetche be im Menschen auf t re ten ,  wenn in kurzen Licht -  
s t rah len  verschiedene geometr i sche  F o r m e n  oder  auch  
SV6rter in das Gesichtsfeld e ingeschoben werden,  k6nnen  
auch dann  in manchen  Versuchspersonen erscheinen,  wenn  
eine solche Person versucht ,  sick /ihnliche Reize  vorzu-  
stel len oder  zu hal luzinieren.  Dabei  k o m m t  es durchaus  
n ich t  darauf  an, welche geometr i schen  F o r m e n  im Ge- 
sichtsfeld tats/~chlich vo rhanden  sind. 
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Physiologische Untersuchungen an der innervierten glatten Muskulatur der Vogelfedern 
(Mm. pennarum) 

Ankni ipfend  an fri ihere morphologische Unte r suchun-  
gen 1 wurden  j e t z t  die g la t t en  Muskeln,  die zwischen den 
Federb/ i lgen der  Voge lhau t  e ingespannt  sind und die 
Fede rha l tung  regeln, funkt ionel l  n/iher untersucht .  A m  
Taubenflfigel ,  der wegen der  gt inst igen Lage des versor-  
genden  N e r v e n  ffir diese Versuche gew/ihl t  wurde,  sind 
die Muskeln f iberwiegend so angeordnet ,  dass ihre Kon-  
t r ak t ion  zum Anlegen der  Federn  ffihrt 2. 

Methodik. Die Akt iv i tAt  der  Fede rmuske ln  wurde  in 
20 Versuchen bei verschiedener  A n o r d n u n g  gemessen:  
(l)  An der  m i t  Ure than  narkot i s ie r ten  T a u b e  wurde  ein 
Flfigel  f ixiert ,  eine gekfirzte Feder  wurde  nahe  der  \VurzeI  
angeschlungen und  n i t  e inem Spannungsmesser  bei 1 bis 
2 Pond  Vorspannung  verbunden,  der  versorgende  N e r v  
wurde  zur  e lektr ischen Re izung  t h o r a x n a h  freigelegt.  
(2) E in  isolierter,  innervier ter ,  n icht  du rchb lu te t e r  H a u t -  
lappen wurde  in Krebs-L6sung  e ingebracht  und die Span-  
nungsen twick lung  zwischen 2 Federn /~hnl ich  wie bei (1) 
gemessen.  (3) E in  zwischen 2 Federbi~Igen ver laufender  
Muskel wurde  un te r  d e n  Mikroskop freipr~pariert ,  ange- 
schlungen,  in Krebs-LSsung  e ingebracht  und n i t  e inem 
Spannungsmesser  verbunden .  Zur Re izung  des Nerven  
wurden  racist  Sinusimpulse  yon 10 msec Dauer  verwendet .  

Ergebnisse. Figur  1 zeigt den Ef fek t  der  Nervenre izung  
am isolierten innerv ie r ten  Hau t l appen .  Auf einen maxi -  
malen  Einzelreiz  folgt  n i t  einer La tenz  yon e twa 100 msec 
eine kleine Kon t rak t ion .  Schon bei einer Reizfolge yon 
1/see ergib t  sich eine anni thernd g la t te  te tan ische  Kon-  
t rak t ion .  Bei Re iz f requenzen  yon  5-10/see wird in der  
Regel  schon die max /ma le  Te tanusspannung  erreicht .  
H6here  Reiz f requenzen  beschleunigen nur  noch den init ia-  
len Anst ieg  der  Spannung.  Als S tandardre iz  ffir die 
wei te ren  Un te r suchungen  wurde  eine 10 sec lange Re izung  
m i t  10 Imp/sec  gew~hlt .  

Die  Kon t r ak t i on  nach  einer  solchen Re izung  verlAuft  
in der  Regel  biphasisch,  wie im Beispiel  der  F igur  2. Die 
zweite,  langsame Phase  der  K o n t r a k t i o n  kann durch  ~- 
Rezep toren-Blocker  se lekt iv  un te rdr f ick t  werden  (Phen- 
to l amin  10 -5 in F i g u r  2). Die schnelle In i t ia lphase  b le ib t  
dabei  unbeeinflusst ,  m i t u n t e r  wird  sie sogar  e twas  ver-  
st/irkt.  
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