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PORTERFIELD, A. L., J. J. STERN AND W. B. VALADE JR. A simple method for studying operant wheel running in 
rats. PHYSIOL. BEHAV. 12(6) 1083-1085, 1974. The present report describes an operant running device for rats. The 
apparatus makes use of an activity wheel driven by a small electric motor. The motor is started by a bar press; once 
activated, the wheel turns for 3 -30  sec. depending on the setting of a timing device. The system is well suited to long 
term studies of activity patterns. 
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H O R M O N E S ,  n e u r o h u m o r s  and e n v i r o n m e n t a l  manipu la -  
t ions  all mod i fy  the  level of  s p o n t a n e o u s  act ivi ty  in rats. A 
comple t e  u n d e r s t a n d i n g  of  the  na ture  of  these  changes,  
however ,  requires  more  t h a n  a s tudy  of  r evo lu t ions / t ime .  It 
shou ld  also inc lude  the  t empora l  d u r a t i o n  and p a t t e r n i n g  of  
individual  b o u t s  of  runn ing .  The  present  pape r  descr ibes  an 
appa ra tus  t ha t  al lows one  to  ob ta in  these  data .  

A s t andard  35.6 cm W a h m a n n  act ivi ty  wheel  was 
modi f i ed  by  the  add i t i on  of  two  heavy gauge sheet  meta l  
barr iers  shaped  to  c o n f o r m  to  the  wheel  and m o u n t e d  on  
the  side wal l  by  means  of  L-shaped flanges (Fig. 1). The  
purpose  of  these  barr iers  is to  l imit  exp lo ra t i on ,  t h e r e b y  
increas ing the  l ike l ihood  of  bar  pressing. One  barr ier  ho lds  a 
Lafaye t t e  bar  press swi tch  rewired  to be  no rma l ly  closed;  
the  uppe r  po r t i on  of  the  bar r ie r  is angled toward  the  axle to  
p reven t  pe rch ing  on  the  switch.  The  bar r ie r ' s  pos i t ion  repre-  
sents  a c o m p r o m i s e  b e t w e e n  placing the  bar  parallel  to  the  
g round  (max imiz ing  the  gravi ta t iona l  pre load  on  the  
swi tch)  and placing the  bar  in l ine wi th  the  r u n n i n g  surface 
(max imiz ing  accessibi l i ty  for  the  animal) .  The  o t h e r  barr ier ,  

pos i t ioned  above  the  axle, keeps  the  an imal  f rom c l imbing 
o n t o  the  axle bu t  allows greates t  runn ing  space. 

The  revo lu t ion  coun t e r  was d i s connec t ed  f rom the  axle 
and replaced by a V-bel t  pulley.  A steel sleeve, I.D. = 
0 .79 cm, O.D. = 1.27 cm, centers  the  pulley on  the  axle. 
The  drive pul ley  was c o n n e c t e d  to the  wheel  pul ley by a 
V-be l t  wh ich  was n o t c h e d  to increase f lexibi l i ty  (see 
Fig. 1). 

Selec t ion of  a m o t o r  is governed  by two  cri teria:  (1)  The  
m o t o r  mus t  be of  relat ively low r.p.m, due to gearing 
l i m i t a t i o n s  imposed  by  commerc ia l ly  available pul ley 
c o m b i n a t i o n s ,  and (2) the  m o t o r  should  suff ic ient ly  resist 
the  t e n d e n c y  of  the  wheel  to  t u rn  dur ing  the  rat ' s  explora-  
t ions.  A 100 V a.c. gear m o t o r  ( D a y t o n  3M097)  wi th  an 
o u t p u t  of  50 r .p .m,  geared down  2:1 to achieve a wheel  
speed of  25 r .p .m,  was used. 

Figure 2 i l lus t ra tes  the  t iming  circuit  which  opera tes  
f rom a 12 V d.c. power  supply.  Closing swi tch  S-1 act ivates  
the  t imer  and  energizes relays K-1 and K-2. Depress ion  of  
the  bar  opens  swi tch  S-2 m o m e n t a r i l y ,  de-energizes K-1 and 

i The authors wish to express their appreciation to Mr. David Corey for his valuable assistance in the design of the timer. 
2 Address all correspondence to Jeffrey J. Stern, University of Michigan, Dearborn, Michigan 48128, U.S.A. 
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FIG. 1. Diagram of the apparatus. 
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HG. 2. Circuit diagram for the timer and recording devices. 
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FIG. 3. Typical Esterline Angus record for a female rat bar pressing for 5 sec of running. Proceeding from right to left, the record represents 
activity during the first 8 hr of darkness. 

K-2, and star ts  the  m o t o r .  As the  bar  is released, S-2 closes 
and the  capac i to r  begins  to  charge.  The  rate  at wh ich  the  
capac i to r  charges is governed  by  the  se t t ing  of  the  25k 
p o t e n t i o m e t e r  and can be varied f rom 3 - 3 0  sec. When the  
capac i to r  reaches trigger voltage,  the  u n i j u n c t i o n  - SCR 
n e t w o r k  causes K-1 and K-2 to re-energize,  The reby  
s topp ing  the  m o t o r  unt i l  the  sequence  is reac t iva ted  by  
a n o t h e r  bar  press. One  o f  the  two  poles of  relay K-2 insures  
tha t  ope ra t ion  of  S-2 dur ing  the  t iming  sequence  will no t  
resul t  in s u m m e d  t iming.  

Bar presses are recorded  b y  a heavy d u t y  110 V a.c. 
digital impulse  coun t e r  wired in series wi th  the  mo to r .  A 
more  descr ipt ive  t ime analysis  is made  possible by  a swi tch  
type  Ester l ine  Angus  event  recorder  c o n n e c t e d  to  the  
second pole of  K-2. Figure 3 shows a typical  Ester l ine  
Angus  record  ob t a ined  wi th  this  e q u i p m e n t .  

There  are several reasons w hy  the  appa ra tus  descr ibed in 
this paper  might  be a t t rac t ive  to  the  researcher :  (a) It is 
relat ively inexpens ive ,  easy to cons t ruc t  and ma in t a in ,  and 
is capable  of  c o n t i n u o u s  o p e r a t i o n  over  a per iod  of  weeks  
or  mon ths .  (b)  In con t ras t  to  o the r  inves t igat ions  t ha t  
employed  b raked  wheels  freed by  pressing a bar  in the  
living cage (e.g., Coll ier  and Hirsch [ 1 ] ), the  present  device 

places the  bar  inside the  wheel ,  making  it unnecessary  for 
the  rat  to  leave or lean ou t  of  the  wheel  to  press the bar. 
Training is thus  faci l i ta ted by  the  e l imina t ion  of  super- 
f luous behav ior  be tween  the  ope ran t  and the  re inforce-  
men t .  (c) A m o t o r  dr iven wheel  opera t ing  for  a predeter -  
mined  per iod  fo l lowing each bar  press al lows a n u m b e r  of  
d e p e n d e n t  measures  to  be derived di rect ly  f rom the  record 
of  bar  presses. Fo r  each press, d is tance  ( revolu t ions)  run,  
ef for t  expended ,  speed and du ra t i on  of runn ing  are 
cons tan ts .  In this  manne r ,  bar  pressing becomes  a direct  and 
reliable i nd i ca to r  of  act ivi ty.  F u r t h e r m o r e ,  animals  in 
separate  bu t  ident ical  devices can be c o m p a r e d  by bar  press 
data  w i t h o u t  the  necessi ty of  first equa t ing  wheel  resist- 
ances or r unn ing  speeds. 

The  au thors  are present ly  emp loy ing  the appara tus  to 
s tudy  the cyclic act ivi ty pa t t e rns  of female rats. Prel iminary 
data  show tha t  ope ran t  running ,  like free wheel  running ,  
f luc tua tes  p red ic tab ly  over  the  estrus cycle and,  as can be 
seen in Figure 3, runn ing  tends  to  occur  in discrete  burs ts  
or bouts .  The  ques t ion  of  conce rn  is how the  rat  modif ies  
these individual  bou t s  to  effect  the  overall  var ia t ions  in 
act ivi ty charac ter i s t ic  of  the stages of  estrus.  
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