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A Hypothesis Concerning the Sharp Pitch 
Discrimination Observed in the Sleeping Cat 

The  ab i l i t y  of a c a t  to  d i s c r i m i n a t e  b e t w e e n  tones  of 
d i f fe ren t  f requenc ies  a p p e a r s  to  i m p r o v e  w h e n  t h e  a n i m a l  
passes  f rom t h e  wakefu l  s t a t e  to  a c o n d i t i o n  of h i g h  vo l t -  
age sleep (HVS)  I,~. Th i s  s t a t e m e n t  ref lects  e x p e r i m e n t a l  
resul t s  such  as t hose  s u m m a r i z e d  in F igu re  1A, t a k e n  
f rom BUENDfA e t  al. 2 T h e y  p e r t a i n  to  a c a t  s u b m i t t e d  to  
an  i n s t r u m e n t a l  a v o i d a n c e  t r a i n i n g  r o u t i n e  in w h i c h  a 
' pos i t ive '  t one  of 5 Kcps  was fol lowed b y  p u n i s h m e n t  
w h e n  t he  a n i m a l  fa i led  to  p e r f o r m  a c e r t a i n  r e sponse  a n d  
' n e g a t i v e '  t ones  of 5.1, 5.5, 6.0, 7.2 a n d  10.0 Kcps  were  
n e v e r  fol lowed b y  p u n i s h m e n t .  T h e  'proportion o/ suc- 
cesses with a tone o] a given /requency' (i.e. t h e  r a t i o  
' n u m b e r  of r e s p o n s e s / n u m b e r  of p r e s e n t a t i o n s ' )  is p l o t t e d  
as a f u n c t i o n  of 'pitch" or t one  f r e q u e n c y  for  t h e  ca t  a w a k e  
(open circles) a n d  asleep (b lack circles). Th i s  p r o p o r t i o n  
is a n  e s t i m a t e  of t h e  p r o b a b i l i t y  w i t h  w h i c h  t h a t  p i t c h  
will evoke  t h e  r e sponse  ; t he  ve r t i ca l  b a r s  i n d i c a t e  t h e  95% 
conf idence  i n t e r v a l s  Ior  t h e  p r o b a b i l i t y ,  b a s e d  in each  
ease on  250 p r e s e n t a t i o n s  ~. T he  c h a n g e  in r e a c t i v i t y  
w h i c h  occurs  w h e n  t h e  a n i m a l  fails as leep jus t i f i es  t he  
in i t ia l  s t a t e m e n t  a n d  is c h a r a c t e r i z e d  b y  t h e  fol lowing 
basic  f ea tu res  (Figure  1A) : (i) a sma l l  decrease  in t h e  effi- 
c iency  of t he  v e r y  ef fec t ive  ' pos i t ive '  t one  (5 Kcps)  ; (if) a 
sma l l  decrease  in t h e  eff ic iency of t h e  l ea s t  e f fec t ive  ' nega -  
t ive '  t ones  (7.2, 10.0 Kcps ) ;  (iii) a m a r k e d  decrease  in t he  
eff iciency of t he  i n t e r m e d i a t e l y  effect ive  ' n e g a t i v e '  t ones  
(5.1, 5.5, 6.0 Kcps ) ;  a n d  (iv), as a consequence  of (i), (if), 
a n d  (iii), a n  increase  in t h e  d i f f e r e n t i a t i o n  g r a d i e n t  t h a t  
goes f rom ' pos i t i ve '  to  ' n e g a t i v e '  p i tches .  

These  resu l t s  i nd i ca t e  t h a t  t he  m e c h a n i s m s  w h i c h  
m e d i a t e  t h e  responses  to  t he  va r i ous  p i t ches  a re  n o t  af- 
fec ted  u n i f o r m l y  b y  t h e  H V S  process,  b u t  suf fer  in  a 
se lec t ive  m a n n e r  t h a t  depends  on  t he  p i t ch .  A priori, 
t h e r e  are  two  i n t e r p r e t a t i o n s .  F i r s t  t h a t  all  m e c h a n i s m s  
h a v e  t h e  s ame  suscep t ib i l i ty ,  b u t  t h a t  t h e  in f luence  of 
t t V S  d i s t r i b u t e s  i tse l f  in  a n o n - u n i f o r m  m a n n e r  de te r -  
m i n e d  b y  t h e  p r ev ious  t r a i n i n g  exper ience .  Second,  t h a t  
t h e  in f luence  of H V S  d i s t r i b u t e s  i tself  in  a u n i f o r m  m a n -  
ner,  b u t  t h a t  t h e  m e c h a n i s m  for  e ach  p i t c h  h a s  a d i f f e ren t  
suscep t ib i l i t y  d e t e r m i n e d  b y  t h e  p rev ious  t r a i n i n g  ex- 
per ience.  I n  t h e  a u t h o r ' s  opin ion ,  t h e  second  i n t e r p r e t a -  
t i on  is more  accep tab le ,  s ince i t  does n o t  r equ i re  a n  ex-  
t r e m e  p l a s t i c i t y  of t he  sleep p r o d u c i n g  m e c h a n i s m .  Th i s  
p a p e r  s u m m a r i z e s  a h y p o t h e s i s  wh ich  proposes  a c e r t a i n  
o r g a n i z a t i o n  a n d  ce r t a i n  p rope r t i e s  for  t he  n e u r o p h y s i o -  

logical  m e c h a n i s m  i n v o l v e d  in  p r o d u c i n g  a c o n d i t i o n e d  
response ;  t h i s  h y p o t h e s i s  wou ld  exp l a in  t he  p e c u l i a r  
sh i t t  in  r e spons iveness  t h a t  is o b s e r v e d  w h e n  t h e  p r e p a r a -  
t ion  passes  f rom a le r tness  to  H V S .  I t  appl ies  regard less  
of w h e t h e r  t h e  c o n d i t i o n e d  r e sponse  cons ide red  is a speci-  
fic act ,  a b e h a v i o r a l  a rousa l  or  a n  E E G  ' a rousa l '  L W e  
m a k e  t h e  fol lowing a s s u m p t i o n s .  (A) T h e  p r o d u c t i o n  of 
t h e  l ea rned  response  invo lves  t h r e e  s tages  : (a) a ' r e c e p t o r '  
s t age  w h i c h  de t ec t s  t h e  s t i m u l u s ;  (b) a ' t r igge r '  s t age  T 
w h i c h  'dec ides '  on  p r e s e n t a t i o n  of e ach  s t i m u l u s  w h e t h e r  
or  n o t  t he  r e sponse  will occur  ( T  invo lves  N n e u r o n e s ) ;  
(c) a n  ' e f fec tor '  s t age  w h i c h  r e s p o n d s  to a 'go '  s i gna l  f rom 
t h e  t r igge r  b y  p r o d u c i n g  t he  o rgan ized  p a t t e r n  w h i c h  con-  
s t i t u t e s  the  response.  A s s u m p t i o n  (A) is d i scussed  b y  
BUIgNDfA eL al. 2. (B) The  necessa ry  c o n d i t i o n  for t h e  
r e sponse  to  occur  on  p r e s e n t a t i o n  of a g iven  s t i m u l u s  is 
t h a t  a n y  n or  more  of t h e  t o t a l  N cells in  t h e  t r i gge r  b e  
a c t i v a t e d  b y  t h a t  p r e s e n t a t i o n .  T h e  n u m b e r  of T u n i t s  
r e s p o n d i n g  to  each  prese ia ta t ion  is n o t  a f ixed va lue ,  b u t  a 
r a n d o m  v a r i a b l e  t a k i n g  t h e  va lues  0, 1 . . . . .  n . . . . .  N ac- 
c o r d i n g  to a c e r t a i n  d i sc re te  p r o b a b i l i t y  mass  func t ion .  
E a c h  p r o b a b i l i t y  f u n c t i o n  is def ined for a g iven  s t a t e  
(awake,  H V S ,  etc.)  a n d  for  a g iven  p i t c h  (pl ,  p2, etc.) .  
These  f u n c t i o n s  d e p e n d  of course  on  t he  r e sponse -  
p r o b a b i l i t y  va lues  of t h e  i n d i v i d u a l  cells in  T ;  t h i s  de-  
p e n d e n c e  will n o t  be d iscussed  here .  F igu re  2 shows h y p o -  
t h e t i c M  f u n c t i o n s  in  t h e  wake fu l  (uppe r  row) a n d  s leep ing  
(lower row) an ima l s  for t h e  ' pos i t i ve '  (p3) a n d  for  two  
n e g a t i v e  (pl,  p2) pi tches .  C o n t i n u o u s  p r o b a b i l i t y  d e n s i t y  
c u r v e s  a re  used  for  s impl i c i ty  in  t h e  d r a w i n g ;  normal - l ike  
c u r v e s  are  s h o w n  b u t  t he  on ly  c o n s t r a i n t  t h a t  is necessa ry  
is t h a t  t h e y  e x h i b i t  a c e n t r a l  m o d e  a n d  t h a t  p r o b a b i l i t y  
va lues  b e c o m e  smal l e r  a t  one or  b o t h  ends.  As p o s t u l a t e d  
a b o v e  t h e  p r o b a b i l i t y  t h a t  a g i v e n  p i t c h  (pl ,  p2, or  p3) 
will evoke  t h e  response  u n d e r  g iven  cond i t ions  (awake or  
asleep) is t h e  p r o b a b i l i t y  t h a t  i t  will mobi l ize  n or  more  
t r igger  u n i t s  ; i t  is r e p r e s e n t e d  in  F igu re  2 for e ach  case b y  
t he  h e a v i l y  s h a d e d  a r ea  u n d e r  t h e  c u r v e  a n d  to  t h e  r i g h t  
of t h e  ve r t i ca l  l ine t h r o u g h  n. T h e  s i t u a t i o n  in t he  wakefu l  
c a t  is s h o w n  in t he  u p p e r  row. No te  t h a t  p i t ches  can  be  
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Fig. 1. The essential features of curve B inferred 
from the hypothetical situation depicted in Fi- 
gure ~ are the same as those of curve A construc- 
ted with real data taken from BUE~DtA et al. z. 
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Fig. 2, Hypothetical situation. On abscissae, num- 
ber of trigger cells responding to a presentation of 
a given pitch. N is the total number of cells in the 
trigger mechalfisrn; n is the threshold number of 
cells (i.e. on a given presentation, the response will 
occur whenever any n or more trigger cells res- 
pond). On ordi~tates, respective probabilities. Up- 
per row, curves awake; lower row, curves asleep. 
Left, center and right columns correspond to 
pitches pl~ p2 and p3 respectively. See text. 

d iv ided  i n to  t h r e e  d i f f e ren t ly  ef fec t ive  ca tegor ies  accord-  
ing to  where  t h e  cu rve  is i n t e r s e c t e d  b y  t he  n l ine (a t  A, 
B a n d  C respec t ive ly ) :  p i t ches  l ike p3 for  wh ich  m o s t  of 
t h e  a r ea  u n d e r  t h e  c u r v e  is to  t h e  r i g h t  of n a n d  t h a t  
are,  therefore ,  v e r y  ef fec t ive ;  p i t ches  l ike  p 2  for  w h i c h  t h e  
a rea  is d iv ided  in to  s imi l a r  p a r t s  a n d  t h a t  are  m o d e r a t e l y  
e f fec t ive ;  p i t ches  like p3 for w h i c h  m o s t  of t h e  a rea  is to  
t he  lef t  of n a n d  are  t he  l eas t  effect ive.  

I f  t h e  sleep process  exe r t s  a r e l a t i ve ly  u n i f o r m  in f luence  
u p o n  t he  m e c h a n i s m  t h a t  m e d i a t e s  t he  response ,  t h i s  m a y  
be  re f lec ted  b y  a u n i f o r m  sh i f t  of all  p r o b a b i l i t y  cu rves  to  
t h e  left, w i t h o u t  a m a j o r  c h a n g e  in  t h e i r  shapes .  T h e  
s i t u a t i o n  in t he  s leeping  ca t  is s h o w n  in  t he  lower  row of 
F igure  2. Curves  now i n t e r s e c t  l ine  n a t  A' ,  B '  a n d  C', to  
t he  r i g h t  of A, B a n d  C, respec t ive ly .  As can  b e  in fe r red  
f rom c o m p a r i s o n  of the  u p p e r  a n d  lower  rows t he  p r o b a -  
b i l i ty  t h a t  a g iven  tone  will mobi l ize  n or  more  T un i t s  
and  evoke  t h e  response  is reduced ,  on  pass ing  f rom wake-  
fulness to  HVS,  b y  a va lue  r e p r e s e n t e d  b y  t he  l igh t ly  
s h a d e d  areas  b e t w e e n  A a n d  A' ,  B a n d  B '  a n d  C a n d  C', 
respec t ive ly .  On the  basis  of obv ious  geomet r i ca l  features ,  
i t  is a p p a r e n t  t h a t  t h e  decrease  in p r o b a b i l i t y  will be  
g r e a t e r  for  p2 (whose dens i t y  cu rve  m o d e  crossed t h e  n 
l ine w h e n  t h e  a n i m a l  fell asleep) t h a n  for  p7 (whose den-  
s i ty  cu rve  lef t  ta i l  crossed t he  n line) a n d  p3 (whose 
d e n s i t y  c u r v e  r i g h t  t a i l  c rossed  t he  n line). T he  h y p o -  
t he t i c a l  s i t u a t i o n  j u s t  descr ibed  is s u m m a r i z e d  in  F igu re  
lB .  The  'probability of a response/or a tone o/a given fre- 
quency' is p l o t t e d  as a f unc t i on  of 'pitch', for t he  ca t  
awake  (open circles) a n d  asleep (b lack circles) ; t h e  ver t i -  
cal  ba r s  i nd i ca t e  t he  95% p r o b a b i l i t y  i n t e rva l s  for  the  
p r o p o r t i o n  of successes in 250 p r e s e n t a t i o n s  3. T he  c h a n g e  
in r e a c t i v i t y  wh ich  occurs  w h e n  the  a n i m a l  passes  f rom 
wakefu lness  to  sleep in t he  h y p o t h e t i c a l  case (F igure  1B) 

e x h i b i t s  t h e  s ame  bas ic  f ea tu re s  as in  t h e  rea l  exper i -  
m e n t a l  s i t u a t i o n  (F igure  1A). N a m e l y :  (i) t h e  sma l l  de-  
crease  in t h e  eff ic iency of t h e  v e r y  ef fec t ive  ' p o s i t i v e '  
t o n e  (p3);  (ii) t he  smal l  decrease  in  t h e  eff ic iency of t he  
l eas t  e f fec t ive  ' n e g a t i v e '  t one  ( p / ) ;  (iii) t h e  m a r k e d  de-  
crease in the 'e f f ic iency  of t h e  i n t e r m e d i a t e l y  ef fec t ive  ' nega -  
t i ve '  t one  (p2);  a n d  (iv), as  a consequence  of (i), (if) a n d  
(iii), t h e  increase  in  t h e  d i f f e r e n t i a t i o n  g r a d i e n t  t h a t  goes 
f rom t h e  ' p o s i t i v e '  to  t h e  ' n e g a t i v e '  p i t ches .  No te  t h a t  a 
s imi la r  effect  cou ld  be  p r o d u c e d  if, i n s t e a d  of t he  cu rve  
h a v i n g  sh i f t ed  as a . consequence  of H V S ,  t he  t h r e s h o l d  
v a l u e  n h a d  increased.  I n  s u m m a r y ,  t he  h y p o t h e s i s  pre-  
s en t ed  here,  ba sed  u p o n  a s s u m p t i o n s  a n d  s u b j e c t  to  con-  
s t r a i n t s  t h a t  are  no t  a l t o g e t h e r  u n r e a s o n a b l e ,  a p p e a r s  to 
exp la in  a s o m e w h a t  su rp r i s ing  e x p e r i m e n t a l  f ind ing  4. 

Rdsumd. U n e  h y p o t h b s e  es t  p r6sen t6e  p o u r  exp l ique r  la  
d i s c r i m i n a t i o n  tona l e  pr6cise du  c h a t  endormi .  P o s t u l a t s :  
(A) U n  m6ean i sme  de d 6 c l e n c h e m e n t  d 6 t e r m i n e  si la r6- 
ponse  a u r a  lieu ou non~;  e t  i l  t a u t  q u ' u n e  q u a n t i t 6  m i n i m e  
de neu rones  de d 6 c l e n c h e m e n t  soft  act iv6e.  (B) Le n o m b r e  
de  cellules ac t iv6es  pa r  c h a q u e  t on  es t  une  v a r i a b l e  al6a- 
to i re  avec  une  d i s t r i b u t i o n  qui  poss~de ce r t a ines  carac t6-  
r i s t iques .  

. J . P .  SEGUNDO 

Anatomy Department and Brain Research Institute, 
University of California, Los Angeles (USA), 
December 9, 7963. 

4 Supported by a Grant and Research Career Development award 
from USPHS. 

C O N G R E S S U S  

0sterreich Japon 

Gemeinsame Tagung 
Deutsche Gesellschaft fiir Biophysik E.V., 0 s t e r -  
reichische Gesellschaft fiir reine und angewandte 
Biophysik,  Schweizerische Arbeitsgemeinschaft  

fiir Strahlenbiologie 
\Vien, 14.-16.  S e p t e m b e r  1964 

in  Z u s a m m e n a r b e i t  m i t  tier W i e n e r  N e d i z i n i s c h e n  Aka-  
demie .  H a u p t t h e m e n :  Al lgemeine  B iophys ik ,  Molekular -  
b iophys ik ,  S t r a h l e n b i o p h y s i k - S t r a h I e n b i o l o g i e ,  K y b e r -  
n e t i k  in  de r  Biologic.  

Wiss .  Sekr . :  Dr.  A. LOCKE~, W i e n e r  Mediz in ische  
Akademie ,  W i e n  IX. ,  Alsers t rasse  4. 

Neuvi6me congr6s international du cancer 

du 23 au 29 Octobre 1966 ~ Tokyo 

Sous les auspices  de  l ' U n i o n  I n t e r n a t i o n a l e  Con t r e  le 
Cancer  (U.I.C.C.).  

P r 6 s i d e n t :  Prof .  ToMIZO YOSHIDA, M.D.  Secr~ta i re  g6- 
n6ra lc :  Prof.  KuNzo OOTA, M.D., c /o  Cancer  I n s t i t u t e ,  
N i sh i sugamo ,  T o s h i m a - k u ,  T o k y o  ( Japon) .  


