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all increase  of t he  a t r i a l  muscle  ref rac tor iness ,  m a y  ex- 
p la ine  t i le r a r e t y  of a t r i a l  a r r h y t h m i a s  in  h y p o t h y r o i d i s m  
c o m p a r a t i v e l y  w i t h  h y p e r t h y r o i d i s m ,  a n d  p rov ides  clues 
to  u n d e r s t a n d  t he  u n d e r g r o u n d  of t h e  r h y t h m  d is tu r -  
bances  1, 4. 

Table II. The MAP caraeteristics in 2 patients with hyperthyroidism 

No. Name Sex Age P-P A D 1 D 2 D 3 dV]dt 3 

1 SE ~ 53 580 4.5 230 170 110 1150 
2 GT ~ 60 620 4 240 200 140 820 

Rdsumd. L ' e n r e g i s t r e m e n t  du  po t en t i e l  m o n o p h a s i q u e  
d ' a c t i o n  de l ' aur icu le  dro i te  a 6t6 effectu6 ~ l ' a ide  des 
61ectrodes de succion, chez 9 pa t i en t s .  On cons t a t e  u n  al-  
l o n g e m e n t  n o t a b l e  du  p o t e n t i e l  m o n o p h a s i q u e  chez les 
hypothyro~diens ,  il se r accourc i t  aprgs  t r a i t e m e n t  thyro~- 
dien, t a n d i s  que  chez les h y p e r t h y r o i d i e n s  sa dur6e est  di- 
minu6e.  
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Identif icat ion of T e m p e r a t u r e  Increases  and Decreases:  A Difficult T a s k  for M o n k e y  and H u m a n  1 

M a n y  au tho r s  h a v e  s u b d i v i d e d  s o m a t o s e n s a t i o n  in to  
4 sub-moda l i t i e s  of sensory  exper ience- tac t i le ,  cool, w a r m  
a n d  pa in  ~-4. Based  on  th i s  consensus ,  a t t e m p t s  were m a d e  
to t r a i n  2 m o n k e y s  to  d i s c r imina t e  tact i le ,  cool a n d  pa in-  
ful ly h o t  s t imul i  de l ivered  s epa ra t e ly  ill t i m e  to  t he  same 
area  on  t he  s h a v e d  dorsa l  surface  of t he  r ig id ly  he ld  
fo rea rm (Figure).  The  m o n k e y s  were requi red  to m a k e  
d i sc r imina t ions  b y  press ing  t he  a p p r o p r i a t e  one of 3 
ava i l ab le  levers  w h e n  t he  s t imu lus  came on (Figure 1A). 

A l t h o u g h  t he  m o n k e y s  l ea rned  to d i s c r i m i na t e  t he  
t ac t i l e  a n d  t h e r m a l  s t imul i ,  t h e y  did  no t  learn  to  discr imi-  
n a t e  t h e  2 t h e r m a l  s t imul i .  N u m e r o u s  changes  ill t r a i n i n g  
p rocedures  m a d e  over  a 2 years  pe r iod  were i n a d e q u a t e  in 
es tab l i sh ing  t he  d i sc r imina t ion .  There  are severa l  poss ible  
e x p l a n a t i o n s  for th i s  fa i lure :  1. t he  cor rec t  t r a i n i n g  
cont ingenc ies  were no t  used. 2. T he  t r ip le  d i s c r imina t i on  
t a s k  was b e y o n d  t he  m o n k e y ' s  ' i n t e l l ec tua l '  capac i ty .  3. 
The  ra t e s  of change  of t h e  t h e r m a l  s t imu l i  were too slow. 
4. Monkeys  do n o t  h a v e  t he  sensory  capac i t y  to  discr imi-  
n a t e  t e m p e r a t u r e  increase  f rom decreases  as t h e y  were 
appl ied  in th i s  expe r imen t .  

W h e n  an  a u d i t o r y  s t imulus  was s u b s t i t u t e d  for t i le cool 
s t imulus ,  t he  m o n k e y s  l ea rned  to  d i s c r imina t e  t he  a u d i t o r y  
f rom the  ho t  a n d  tac t i l e  s t imul i ,  t h e r e b y  e l i m i n a t i n g  b o t h  
t he  f i rs t  and  second exp lana t ions .  W h e n  t he  r a t e  of 
change  of t h e  t h e r m a l  s t imul i  was  increased (Figure 1C), 
t h e  m o n k e y  was sti l l  u n a b l e  to  l ea rn  t h e  d i sc r imina t ion ,  
t h e r e b y  m a k i n g  the  3rd e x p l a n a t i o n  less likely. To t e s t  t he  
4 th  e x p l a n a t i o n  fur ther ,  12 na ive  h u m a n s  were t e s t ed  w i t h  
t he  same  a p p a r a t u s .  A l t h o u g h  al l  sub jec t s  were able  to  
de t ec t  t h e  presence  of a t h e r m a l  s t imulus ,  t h e y  also re- 
p o r t e d  d i f f icu l ty  ill i den t i fy ing  t he  ' q u a l i t y '  (i.e. d i rec t ion  
of change)  of t h a t  t h e r m a l  s t imulus .  The  h u m a n  subjects ,  
therefore ,  m a d e  errors  ill l ever  press  responses  m u c h  like 
t he  m o n k e y  subjects .  Most  h u m a n  sub jec t s  deve loped  
these  diff icul t ies  a f t e r  t h e  t e s t i ng  began,  usua l ly  w i t h i n  5 
to  20 min,  b u t  3 sub jec t s  r epo r t ed  confus ion  on  t he  f i rs t  
t r i a l  (Table,  compa re  f i rs t  a n d  las t  4 tr ials) .  

A l t h o u g h  these  d i s c r i m i na t i on  diff icul t ies  a p p e a r  to  be  
r e l a t ed  to  t he  p h e n o m e n o n  of pa radox ica l  cold, t h i s  
p h e n o m e n o n  occurs  ra re ly  and  on ly  w i t h  p i n p o i n t  s t imu l i  
wh ich  are n o r m a l l y  easy  to i den t i fy  5, 6. F u r t h e r m o r e ,  m o s t  
of t he  errors  m a d e  b y  t he  h u m a n  sub jec t  in  th i s  experi-  
m e n t  were i den t i fy ing  t he  cool s t imu l i  as ' ho t ' ,  t h e r e b y  
sugges t ing  t h e  errors  be  descr ibed  as ' p a r adox i ca l  ho t ' ,  a 
p h e n o m e n o n  even  more  r a r e ly  repor ted .  I t  seems reason-  
able  to  conclude,  therefore ,  t h a t  i t  was  di f f icul t  to  t r a i n  

m o n k e y s  to  d i s c r imina t e  t he  ho t  a n d  cool s t imul i  because,  
l ike h u m a n s ,  t he  m o n k e y  does n o t  h a v e  t he  sensory  
capac i t y  for such  d i s c r im ina t i on  u n d e r  these  condi t ions .  
Th i s  conclus ion  is surpr i s ing  because,  phenomenolog ica l ly ,  
h o t  and  cool seem easy to ident i fy .  I t  r e m a i n s  to  be  
d e t e r m i n e d  w h a t  cha rac te r i s t i c s  of t h i s  e x p e r i m e n t a l  
s i t ua t i on  m a k e  t he  iden t i f i ca t ions  so diff icul t .  

The re  are  severa l  possibi l i t ies .  I t  is poss ible  t h a t  t he  
s t imu lus  p a r a m e t e r s  were no t  changed  a p p r o p r i a t e l y  to  
effect  t h e  i den t i f i ca t ion  of h o t  and  cool. KENSI-IALO et  al. 7 
h a v e  found  t h a t  i t  t akes  a larger  t e m p e r a t u r e  change  to 
p roduce  iden t i f i ca t ion  of cool or w a r m  t h a n  i t  does to  
p roduce  a s imple  de t ec t i on  of change,  especial ly  a t  t he  
a d a p t i n g  t e m p e r a t u r e  used in th i s  e x p e r i m e n t  (37.7~ 
A poss ib ly  i m m o d e r a t e  a d a p t i n g  t e m p e r a t u r e  is n o t  t he  
comple t e  exp lana t ion ,  however ,  because  t he  a m o u n t s  of 
change  r e q u i r e d  for i den t i f i ca t ion  of cool a n d  w a r m  a t  
37-38~ in t he  KENSHALO et  al. e x p e r i m e n t  7 (1-1.5 ~ 
were m u c h  smal le r  t h a n  those  used  in th i s  e x p e r i m e n t  
(Figure 1C). 

A n o t h e r  poss ib i l i t y  is t h e  occurrence  of b o t h  ho t  a n d  
cool s t imul i  w i t h i n  t he  same  t e s t i ng  session. The  fac t  t h a t  
some of t he  h u m a n  sub jec t s  m a d e  i den t i f i c a t i on  errors  on  
t he  f i rs t  t r ia l ,  however ,  t ends  to nega te  th i s  poss ibi l i ty .  

O the r  poss ib i l i t ies  inc lude  t he  size and  locus of t h e  sti-  
muli .  S t imu lus  size is n o t  p r o b a b l e  because  t he  s t i m u l a t o r  
used here  was larger  t h a n  t he  r ange  over  wh ich  a rea l  
s u m m a t i o n  occurs  s 10. Locus, however ,  m a y  be  i m p o r t a n t ,  
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Diagram of A) training situation; B) bot tom surface of stimulator; and C) thermal stimuli. (Note the change in amplitude scale for the 2 sti- 
muli.) The subjects were required to make the discriminations by pressing the appropriate lever when the stimulus came on. 'Correct' cool 
and tactile lever press responses resulted in the delivery of a 75 mg banana pellet (not shown) ; 'correct' hot lever presses resulted in the rapid 
termination of this noxious stimulus. Note that  the subjects ususally responded to the stimuli within 1 to 2 sec, so that  they actually received 
only a small portion of the thermal stimuli shown in C). The tactile st imulus was produced by a vibrator at 4 pulses per see. The hot st imulus 
was produced by passing current through the nichrome coil shown in B). The cool st imulus was produced by passing current through a Pel- 
tier device modified from KENSHALO 19. 

b e c a u s e  t h e  f o r e a r m  is p r o b a b l y  less  s e n s i t i v e  t h a n  o t h e r  
p a r t s  of  t h e  b o d y  s u r f a c e  t o  t h e r m a l  c h a n g e s S ,  n -z~  
A n o t h e r  p o s s i b l y  r e l e v a n t  c h a r a c t e r i s t i c  is  t h e  c o n s t a n t ,  
f i r m  p r e s s u r e  ( a b o u t  100 g m )  e x e r t e d  b y  t h e  s t i m u l a t o r  
a p p a r a t u s  o n  t h e  s k i n  s u r f a c e  ( F i g u r e  A).  A l t h o u g h  
v i b r a t o r y  p r e s s u r e  s t i m u l i  do  n o t  i n t e r f e r e  w i t h  t h e  i d e n t i -  
f i c a t i o n  of  w a r m i n g  z4, a n d  w a r m  t h r e s h o l d s  a r e  t h e  s a m e  
w h e n  m e a s u r e d  b y  r a d i a n t  o r  c o n d u c t e d  h e a t  s, ' i n n o m i n -  
a t e '  ( u n i d e n t i f i a b l e )  t h e r m a l  s e n s a t i o n s  i n v o l v i n g  l a r g e  
s t i m u l i  a r e  o f t e n  r e p o r t e d  u n d e r  c o n d i t i o n s  of  c o n s t a n t  
p r e s s u r e  o r  i s c h e m i a  ~s-~s 

I n  s u m m a r y ,  t h e r e  a r e  3 e x p e r i m e n t a l  f a c t o r s  w h i c h  
m o s t  l i k e l y  c o n t r i b u t e  to  t h e  d i f f i c u l t y  in  i d e n t i f y i n g  cool  
a n d  ho t .  T h e s e  f a c t o r s  a r e  1. t h e  o r i g i n a l  a d a p t i n g  t e m -  
p e r a t u r e  of  t h e  sk in ,  2. t h e  p r e s s u r e  of  t h e  s t i m u l a t o r ,  a n d  
3. t h e  l o c a t i o n  of t h e  s t i m u l i .  B u t  w h a t e v e r  t h e  c o n d i t i o n s  
of  s t i m u l a t i o n  t h a t  p r o d u c e  e r r o r s  in  i d e n t i f y i n g  i n c r e a s e s  
a n d  dec rease~  in  t e m p e r a t u r e ,  t h e  f a c t  r e m a i n s  t h a t  s u c h  
e r ro r s  occu r .  T h e s e  d i f f i c u l t i e s  e m p h a s i z e  t h e  a r t i f i c i a l i t y  
i n h e r e n t  in  s u b d i v i d i n g  ' t o u c h '  i n t o  s u b - m o d a l i t i e s ,  
e s p e c i a l l y  w h e n  a t t e m p t i n g  t o  s t u d y  t h e s e  s e n s a t i o n s  in  
a n i m a l s .  

Percent correct identification of temperature increases and de- 
creases by humans  during the first and last 4 trials of the testing 
session 

% Correct 

Cool Hot Tactile 

Subject First Last First Last  First Last 
4 4 4 4 4 4 

MB 25 0 100 100 100 100 

OF 50 50 100 75 100 100 

KB 50 25 100 75 100 100 

JT  75 0 100 100 100 100 

WS 100 25 75 75 100 100 

RD 100 75 100 50 100 100 

SH 100 75 100 25 100 100 

MR 100 100 100 100 100 100 

Mean 
% 75 44 97 75 100 100 

~The total testing session included 12-25 trials and took 30-50 min 
to complete. 

Rdsumd. L e s  s i n g e s  n ' a p p r e n n e n t  p u s  & d i s t i n g u e r  1'616- 
r a t i o n  e t  l ' a b a i s s e m e n t  de  la  t e m p 6 r a t u r e  q u a n d  les 
s t i m u l i s  s o n t  d o r m , s  & l ' a v a n t  b ros .  I l s  ne  p e u v e n t  p u s  
r e c o n n o i t r e  le s e n s  d u  c h a n g c m e n t  q u o i q u e  l ' h o m m e  y sof t  
s ens ib l e .  I1 e s t  p o s s i b l e  q u ' i l s  s o n t  i n f l u e n c 6 s  p a r  le p o i d s  
e t  l ' e m p l a c e m e n t  de  l ' a p p a r e i l  s t i m u l a n t  a i n s i  q u e  p a r  ]a 
t e m p 6 r a t u r e  de  l ' a d a p t a t i o n  o r ig ine l l e .  

K .  J .  BERKLEY a n d  S. S. HUGHES 

Department o/ Psychology, Florida State University, 
Tallahassee (Florida 32306, USA), 22 December 7977. 

n D. R. KENSHALO, J. appl. Physiol. 15, 987 (1960). 
12 D. R. I~ENSHALO, J. Physiol. Lond. 172, 439 (1964). 
13 ~E. A. BREARLEY and D. R. •ENSHALO, J. aoInp, physiol. Psychol. 

70, 1 (1970). 
14 A. J. H. VENDRIK and E. G. EIJKMAN, in Cutaneous Sensation (Ed. 

D. R. KENSHALO; Charles C. Thomas, Springfield, Ill. 1968), p. 178. 
15 p. p. LELE and D. SINCLAIR, J. Neurol. Neurosurg. Psyehiat. 78, 

120 (1955). 
16 D. SINCLAIR and E. F. GALSGOW, Brain 83, 668 (1960). 
1~ J. P. NAFE and K. S. WAGONER, Am. J. Psychol. 4P, 636 (1937). 
Is W. L. JENKINS, Am. J. Psychol. 70, 640 (1957). 
19 D. R. KENSHALO, Rev. seient. Instrum. 3d, 883 (1963). 


