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Train Length Perception During Self-Stimulation Behaviour 

The  s t u d y  of p e r c e p t u a l  aspects  in  i n t r a c r a n i a l  self- 
s t i m u l a t i o n  b e h a v i o u r  h a s  been  p e r f o r m e d  b y  us ing  a 
cond i t ion ing  t e c h n i q u e  w h i c h  ut i l izes  t h e  r e w a r d i n g  elec- 
t r i ca l  s t i m u l a t i o n  of t h e  b r a i n  ( R E B S )  as cond i t ioned  
s t imul i  ~-~. In  t h i s  work,  a n  a t t e m p t  is m a d e  to  s t u d y  
some pe rcep tua l  aspec ts  of IREBS b y  e m p l o y i n g  a differ- 
en t  t echn ique .  More specifically,  we t r y  to  d e t e r m i n e  if 
an ima l s  perce ive  t r a i n  l eng th  d u r i n g  se l f - s t imula t ion  
behav iour .  I t  is expec t ed  t h a t  if an i m a l s  ac tua l l y  perce ive  
t r a i n  length ,  b a r  p ress ing  will d e p e n d  on t he  t r a i n  length .  

I n  o rder  to  t e s t  t he  h y p o t h e s i s  we h a v e  r ea soned  as 
follows: if a n i m a l s  perce ive  t h e  onse t  and  offset  of elec- 
t r ica l  s t imulus ,  t h e n  w i t h  a n  a p p r o p r i a t e  t r a i n i n g  an ima l s  
m u s t  a lways  press  t he  b a r  to  s t a r t  t he  s t i m u l a t i o n ;  a n d  
t h e y  wil l  press  t h e  ba r  aga in  on ly  w h e n  t h e  s t i m u l a t i o n  
is t u r n e d  off. I n  fact ,  an i m a l s  wil l  l ea rn  t h a t  if t h e y  press  
t he  b a r  w h e n  t h e  s t imu lus  is t u r n e d  on, th i s  b a r  press  has  
no  r eward  effect;  a n d  cons equen t l y  t h e y  will  e l imina te  
th i s  response.  I f  ba r  press ing  can  be  r ecorded  in such  a 
way  t h a t  i t  is possible  to  k n o w  w h e n  an ima l s  press  t he  
ba r  and  w h e n  t h e  s t imulus  s t a r t s  a n d  stops,  t he  preced-  
ing p ropos i t ion  can  be  tes ted .  

Method. 50 male  a lb inos  r a t s  (Wi t s t a r t )  were i m p l a n t e d  
w i t h  a m o n o p o l a r  e lec t rode  (nickel chrome,  0.25 m m)  in  
t h e  l a te ra l  pos te r io r  h y p o t h a l a m u s ,  accord ing  to  a t ech-  
n ique  p rev ious ly  desc r ibedL A week  a f t e r  t he  opera t ion ,  
an ima l s  were t r a i n e d  fo r  se l f - s t imula t ion  b e h a v i o u r  in  a 
modi f ied  S k i n n e r  box  (30 • 30 • 12.5 cm) to press  a b a r  
( 1 0 x 3  cm) to s t a r t  a s t i m u l a t o r  de l ive r ing  nega t i ve  
m o n o p h a s i c  r e c t a n g u l a r  waves ;  0.5 sec t r a i n  length ,  
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Fig. I. Interval histogram of bar-pressing from a sample of 6 rats, for 
train length of 0.25, 0.5, 1 or 2 see (left to right column) for a total 
number of responses represented by R. Points represent frequencies 
(ordinate) at which a given interval between successive responses 
occurs. The dark line (below abscissa) represents the stimulus dura- 
tion. Notice how the animal responses are synchronized with the 
stimulus duration. 

100 Hz  a n d  0.1 mil l isec pe r  pulse.  The  in tens i t i e s  va r ied  
be tween  150 a n d  300 ~tA accord ing  to  the  t h r e s h o l d  of 
e ach  an imal .  The  m e a n  i n t e n s i t y  for t he  s a m p l e  was 
230 {J.A. Of t he  50 i m p l a n t e d  an imals ,  10 exh ib i t ed  a self- 
s t i m u l a t i o n  b e h a v i o u r ;  these  10 r a t s  were a l lowed to  
se l f - s t imula te  twice  daily,  for per iods  of 30 ra in  du r ing  
6 weeks. A t  these  sessions, 38 d i f fe ren t  p a r a m e t e r s  of 
s t i m u l a t i o n  p rev ious ly  s tud ied  7 were p r e s e n t e d  to  t he  
an ima l s  for se l f - s t imula t ion .  These  p a r a m e t e r s  of s t im-  
u l a t i on  va r i ed  b y  t h e i r  f requencies ,  pulse  d u r a t i o n  or 
t r a i n  length .  This  o v e r t r a i n i n g  was real ized to  p e r m i t  
an ima l s  bes t  to  apprec i a t e  t he  r eward  s t r e n g t h  of th i s  
s t i m u l a t i o n  a n d  secondly  to o b t a i n  well  s.tabilized perfor-  
mances .  W h e n  th i s  o y e r t r a i n i n g  was f inished,  t h e  an ima l s  
s t a r t e d  t he  expe r imen t s .  

E a c h  t i m e  t he  a n i m a l  presses  t he  bar ,  2 s t i m u l a t o r s  are 
s t a r t e d  s imul taneous ly .  One  s t i m u l a t o r  del ivers  to  t h e  
r a t s  a s t i m u l a t i o n  of 0.25, 0.5, 1 or 2 sec t r a i n  length ,  
300 Hz,  0.2 msec  pe r  pulse  w i t h  in tens i t i e s  v a r y i n g  be- 
tween  150-300 btA. The  o the r  s t i m u l a t o r  sends  a pulse to  
a D a t a  R e t r i e v a l  Compute r ,  Nuc lea r  Chicago, p rog ram-  
m e d  to ana lyze  t he  i n t e r v a l  b e t w e e n  responses.  In  th i s  
form, a n  ' i n t e r v a l  h i s t o g r a m '  is ob ta ined .  I f  t he  a n i m a l  
presses  t he  ba r  w h e n  the  i n t r a c r a n i a l  s t i m u l a t i o n  is 
t u r n e d  on, th i s  b a r  p ress ing  does n o t  s t a r t  t he  f i rs t  
s t imu la to r ,  b u t  t h e  second s t i m u l a t o r  sends  a pulse  to  
t h e  D a t a  R e t r i e v a l  Compute r .  The  t i m e  ana lys i s  of t h e  
i n t e rva l  h i s t o g r a m  p r o g r a m  cor responds  to  4 t imes  t h e  
s t imu lus  dura t ion .  B y  th i s  p rocedure  i t  is possible  to  see 
if t h e  t i m e  i n t e rva l  be tween  responses  is inferior,  super ior  
or iden t ica l  to  t h e  s t imu lus  du ra t ion .  I f  h a v i n g  examin -  
ed a series of i n t e rva l s  b e t w e e n  successive responses,  we 
observe  t h a t  t h e  d u r a t i o n  of such  in t e rva l s  is iden t i ca l  or 
s l ig th ly  longer  t h a n  t he  s t imu lus  dura t ion ,  we conc lude  
t h a t  a n i m a l  ha s  pressed  t h e  b a r  w h e n  t he  i n t r a c r a n i a l  
s t i m u l a t i o n  is t u r n e d  off; and  i t  is possible  on ly  if a n i m a l  
perceives  t he  offset  of t he  s t imu la t i on .  

A sample  of 6 r a t s  pe r fo rmed  th i s  expe r imen t ,  work ing  
4 t imes  for each  t r a i n  length ,  rea l iz ing  a t o t a l  of 12,000 
responses  for t r a i n  l e n g t h  of 0.25 and  0.5 sec; 11,300 re- 
sponses  for t he  t r a i n  l e n g t h  of 1 sec; and  5,700 responses  
for t he  t r a i n  l e n g t h  of 2 sec. These  4 s epa ra t e  t e s t s  are 
used in order  to  avo id  a fa t igue  effect  a n d  to o b t a i n  more  
re l iable  da ta .  

Results.  W e  observe  t h a t  t he  t i m e  spac ing  2 successive 
responses  is ve ry  c o n s t a n t  for a g iven  t r a i n  l eng th ;  and  
the  i n t e rva l  be tween  th i s  successive response  is equa l ly  
or  s l igh t ly  g rea te r  t h a n  0.25, 0.5, 1 or 2 sec for  t r a i n  
l eng th  of iden t i ca l  values .  So, as we h a v e  p rev ious ly  
po in t ed  out, t h i s  m e a n s  t h a t  a n i m a l s  genera l ly  press  t h e  
ba r  a t  t h e  m o m e n t  w h e n  s t imu lus  s tops.  And  in  v i r t u e  
of our  hypo thes i s ,  t h i s  s y n c h r o n i z a t i o n  of b a r  press ing  
and  t r a i n  l e n g t h  i m p l y  t h a t  an ima l s  perce ive  t h e  t r a i n  
d u r a t i o n  (Figure 1). 

A n o t h e r  fac t  to  be  obse rved  is t h a t ,  for a t r a i n  l eng th  
of 0.25 sec, ' the m a j o r i t y  of t h e  responses  occur  w i t h i n  
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in terva ls  inferior to  0.5 sec. This  means  t h a t  an imals  press  
t h e  bar  a t  2 per  sec for a t r a in  l eng th  of 0.25 sec. But ,  
when  s t imulus  du ra t ions  are 0.5, 1 or 2 sec, in te rva l  
responses  are super ior  to 0.5, 1 and 2 sec respect ive ly .  In  
o the r  words,  an imals  press  t he  bar  a t  2 t imes  per  sec, 
once per  sec or once every  2 see. Howeve r  these  ra tes  are 
ve ry  inferior  to  a ra te  of 2 per  sec which  we have  seen 
animals  can perform.  Consequen t ly  bar  press ing  ra tes  of 
0.5, 1 or 2 per  sec are no t  due ne i ther  to fat igue,  or to  t he  
fac t  t h a t  an imals  rise to  a m a x i m u m  pe r fo rmance  level, 
b u t  to the  fact  t h a t  an imals  contro l  the i r  pe r fo rmance  in 
funct ion  of t r a in  length.  

To ob ta in  th i s  synchron iza t ion  be tween  p e r f o r m a n c e  
and  t r a in  length,  i t  is necessary  to  emp loy  s t imu la t ion  
pa rame te r s  w i th  a h igh  reward  level. Based  upon  previous  
s tudies  7, s in which  the  r eward  s t r e n g t h  of several  s t imu-  
la t ions  are eva lua ted  by  d i f fe ren t  behav io ra l  cri teria,  we 
have  chosen  a less r eward ing  s t imula t ion  and  in th is  
even tua l i ty ,  th i s  synchron iza t ion  be tween  bar  press ing  
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set-  

and  t r a in  leng th  canno t  be observed  (Figure 2). I n  
addi t ion,  ve ry  well t r a ined  animals  are necessary  and 
these  animals  m u s t  work  in a ve ry  quiet  env i ronment .  
Indeed ,  we observed  t h a t  if an unexpec t ed  noise occurs, 
an imals  desynchronize  the i r  pe r formances  (Figure 2). 

Conclusion. This e x p e r i m e n t  shows t h a t  when  animals  
sel f -s t imulate ,  t h e y  do no t  press the  bar  in a h a p h a z a r d  
manner .  On the  cont rary ,  an imals  perceive  when  the  
s t imulus  is t u r n e d  on and off. This  pe rcep t ion  pe rmi t s  
animals  w i th  suff icient  t r a in ing  and  adequa te  pa rame te r s  
of s t imula t ion  to synchronize  the i r  pe r fo rmances  depend-  
ing on t r a in  length.  Bu t  th is  p rocedure  does no t  answer  
t he  fol lowing ques t ion:  why,  for less rewarding  s t imu-  
lat ion,  do an imals  no t  bar-press  depend ing  on t r a in  
leng th  ? 

An exp lana t ion  of th is  fact  m a y  be the  following one: 
if we assume t h a t  a s t imula t ion  elici t ing a synchronized  
pe r fo rmance  p resen t s  a s t rong  reward  effect,  we can 
expec t  t h a t  animals ,  working  by  reward ,  will t r y  to  
self-s• all the  t ime  in order  to  receive a m a x i m u m  
reward.  The mos t  exped ien t  m a n n e r  to  car ry  on th is  
process is to  synchronize  the  bar  press ing wi th  t h e  end  of 
t he  t ra in.  Consequent ly  animals  will press  t he  bar  a t  the  
end of the  s t imulat ion.  On the  cont rary ,  when  the  s t imu-  
la t ion p a r a m e t e r  is no t  so strong,  r eward  s t r e n g t h  will 
be inferior and  animals  will se l f -s t imulate  too,  b u t  t h e y  
do no t  t ry  to  reach  a m a x i m u m  per formance ,  in order  
to ob ta in  a m a x i m u m  reward.  Consequent ly  animals  will 
no t  press the  bar  each t ime  the  s t imulus  is f inished;  th is  
m a y  expla in  w h y  animals  under  th is  s t imula t ion  para-  
me te r  work  haphazard ly .  

A last  p rob lem we can inves t iga te  wi th  these  da t a  is 
t he  following one. If  we suppose  t h a t  animals  work  for 
the  r eward  effect,  i t  is possible  t h a t  th.~s effect  will be  
p re sen t  only  as long as the  s t imulus  ~s t u rned  on, or 
pers is t  when  the  s t imulus  is t u rned  off. If we assume t h a t  
animals  work  for the  r eward  effect,  we can expec t  t h a t  
t h e y  will press  t he  bar  in order  to  obta in  a new reward  
at  t he  m o m e n t  when the  reward  is ext inguished.  Since 
we observe t h a t  animals  press the  bar  a t  t he  m o m e n t  t he  
s t imulus  is t u rn ed  off, or some msec  later,  we t e n d  to  
conclude t h a t  t he  reward  effect  el ici ted b y  th is  s t imu-  
la t ion pers is ts  as long as the  s t imula t ion  is tu rned  on or 
some msec later.  

Rdsumd. P e n d a n t  le c o m p o r t e m e n t  d ' a n t o s t i m u l a t i o n  
61ectrique intrac6r6brale,  l ' an imal  n ' appu ie  sur la p6dale 
qu'5~ la f in du t r a in  de s t imula t ion .  Un  t e l  c o m p o r t e m e n t  
est  in terpr6t6  en 6 m e t t a n t  l ' hypo th6se  que 1'animal 
per~oit  la dur6e de la s t imulat ion.  Mats un tel  compor te -  
m e n t  d @ e n d  d 'une  p a r t  de l ' in tensi t4  de l 'effet  de r4com- 
pense  et  d ' au t r e  p a r t  de l ' env i ronnemen t .  E n  eifet  si 
l ' in tens i t6  de la r6compense  est  moths  i m p o r t a n t e  o u s i  
des s t imula t ions  sonores i na t t endues  surv iennent ,  les 
Ra t s  ne p a r v i e n n e n t  plus ~ r6aliser ce co mp o r t emen t .  
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Fig. 2, The interval histogram (as presented in Figure 1) describes the 
performance of an animal working in a quiet environment (A); the 
performance in a non-quiet environment or when an unexpected noise 
is produced (B); and when an animal self-stimulates for a less 
rewarding stimulation (C). Notice how the perform anee is synchroniz- 
ed with the stimulus duration in case A. It is not so in eases B and C. 

Laboratoire de Neurophysiologie 
Universitd de Louvain, Dekenstraat 6, 
B-3000 Louvain (Belgium), 
30 January 7972. 

8 M. BEYRA, G. I~V~AHIEU and P. SPINEW1N/~, J. Physiol., Paris 63, 172 
(1971). 
The author is greatly indebted to Prof. M. MEULDERS for helpful 
discussion and valuable criticisms. 


