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BRIEF COMMUNICATION 
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LEVINE, T. E., R. L. BORNSCHEIN AND I. A. MICHAELSON. Technique for assessing visual discrimination learning in 
mice. PHARMAC. B1OCHEM. BEHAV. 7(6) 567-570 ,  1977. - An automated technique for the study of visual 
discrimination learning in mice has been developed. The technique utilizes a nose-poke as the operant response. The 
nose-poke response requires no shaping, has a relatively high operant level and can be used to measure preacquisition 
exploratory behavior. CD-1 mice acquired a simultaneous brightness discrimination readily but a successive brightness 
discrimination proved more difficult. A 20 sec intertrial interval was optimal for acquisition of the simultaneous 
discrimination. Reversal learning was slow. This procedure should prove useful in the study of the effects of pharmacologic 
and toxic agents on learning and performance in both weanlings and adult mice. 

Visual discrimination Operant behavior Nose-poke 

MICE have long been  a favor i te  species for  tox icologica l  
invest igat ions .  The  reasons  inc lude  cost ,  ease of  hous ing  and  
care,  shor t  life span,  and  a large b o d y  o f  avai lable data  
pe r t a in ing  to  b i o c h e m i s t r y ,  phys io logy ,  i m m u n o l o g y ,  and  
genet ics .  U n f o r t u n a t e l y ,  for  those  i n t e r e s t ed  in behaviora l  
indices  of  tox ic i ty ,  t he re  are on ly  a l imi ted  n u m b e r  of  
m e t h o d o l o g i e s  available for  assessing behav io r  of  mice.  
Methodo log ies  cu r r en t l y  available inc lude  ref lex tes t ing,  
wate r  or shock  e scape /avo idance  learn ing  and  general  
measures  of  l o c o m o t o r  act ivi ty .  Fo r  n u m e r o u s  m e t h -  
odological  reasons,  a u t o m a t e d  appe t i t ive  o p e r a n t  con-  
d i t ion ing  p rocedures  such  as schedules  of  r e i n f o r c e m e n t  
and  discrete  trial  p rocedures ,  have rare ly  been  appl ied to 
the  behaviora l  assessment  of  mice.  (Fo r  an ex tens ive  
b ib l iog raphy  of  behaviora l  s tudies  in mice,  see [ 5 ] ). Those  
inves t iga tors  who  have a t t e m p t e d  appe t i t ive  o p e r a n t  s tudies  
in mice r epor t  va ry ing  degrees of  d i f f icu l ty  wi th  the  force  
r e q u i r e m e n t  of  c o n v e n t i o n a l  o p e r a n t  levers and  wi th  the  
m a i n t e n a n c e  of  adequa t e  m o t i v a t i o n  [ 2,4 ] .  

Recen t ly  several inves t igators  have used a head  
m o v e m e n t ,  r a the r  t han  a lever press,  as the  requ i red  
response  in ope ran t  s tudies  involving mice  [ 1 ,6] .  We have 
successful ly  used a s imilar  response ,  the  nose-poke ,  to  s t u d y  
acqu is i t ion  and  reversal  of  visual d i s c r imina t ion  p rob l ems  in 
mice.  The  nose -poke  is m o n i t o r e d  by  a pho toce l l  assembly  
m o u n t e d  b e h i n d  two  holes  in the  f ron t  pane l  of  the  ope ran t  

chamber .  The response  is a very na tu ra l  one  for  the  mouse  
and  has been  used previously  to measure  exp lo ra to ry  
act ivi ty  [ 3 ] .  It requires  no  shaping  and  can easily be 
b r o u g h t  u n d e r  the  con t ro l  of the  r e i n f o r c e m e n t  con-  
t ingencies .  The 0.01 cc milk reward  used in our  s tudies  is 
highly pa la tab le  and  animals  m a i n t a i n  a h igh rate of  
p e r f o r m a n c e  at  9 0 - 9 5 %  free-feeding weight  (or  a f te r  24 h r  
depr iva t ion) ,  thus  avoiding mo t iva t i ona l  p rob lems .  

Because of  the  pauc i ty  of  me thodo log i ca l  da ta  per- 
t a in ing  to a u t o m a t e d  cond i t i on ing  t echn iques  in mice,  we 
have f o u n d  it necessary to d i rec t  our  a t t e n t i o n  to the  
d e v e l o p m e n t  of  an  adequa te  u n d e r s t a n d i n g  of  con t ro l  
variables.  We repor t  here  the  results  of  our  ini t ia l  in- 
ves t iga t ion of  the  ef fec t  of  varying the  in te r t r ia l  in terval  on  
acqu is i t ion  and  reversal of  b o t h  a s imu l t aneous  and  a 
successive discrete-tr ial  b r igh tness  d i sc r imina t ion  in mice.  

METHOD 

Animals 

Sixty mice of  the  C D - 1  s t ra in  served as expe r imen t a l  
animals.  They  were o b t a i n e d  f rom the  suppl ier  (Charles 
River, Wi lmington ,  MA 0 1 8 8 7 )  at 35 days of  age and  
s ta r ted  in the  e x p e r i m e n t  at  44  days of  age. They  were 
m a i n t a i n e d  on  a wate r  depr iva t ion  schedule  t h r o u g h o u t  the  
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study with only 30 min access to water each day, two hours 
after completing the daily session. 

Apparatus 

The experimental chamber (Fig. 1) consisted of a Plexi- 
glas frame. The front wall of the chamber was painted flat 
black to prevent reflected light from triggering the photo- 
cells. A houselight and two photocell and stimulus 
assemblies were mounted on the front wall. A dipper hole 
was located on the floor of the chamber. The dipper was 
located to the right with the trough extending under the 
front of the chamber. 

The photocell and stimulus assembly is also diagrammed 
in Fig. 1. A 3/8 in. Plexiglas washer, painted flat black, was 
mounted behind each hole in the front wall of the chamber. 
Two holes were drilled in the washer along the vertical axis. 
A Clairex photoresistor (CL 903L) was mounted in the top 
hole and a sub-mini lamp (T 1 - 3 / 4 )  was mounted in the 
bot tom hole. The photoresistor circuit was amplified by a 
Coulbourn solid state switch input. In the simultaneous 
discrimination task, the stimulus lamp was mounted behind 
the washer housed in a solid Plexiglas cylinder. The front of 
the solid cylinder was sanded to diffuse the light from the 
stimulus lamp. A Dialco incandescent lamp cartridge and 
holder (No. 5 0 7 - 3 9 1 2 ;  28 V, 40 ma)served as the stimulus 
lamp. The bright stimulus was generated by passing 28 V 
through the lamp; the dim stimulus was generated by 
passing 28 V through a 430 ~ resistance in series with the 
lamp. This procedure generates a bright stimulus of 
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4 0 - 6 2 f t  L a n d  a dim stimulus of 1 5 ft L as measured by 
a Spectra brightness Spotmeter No. SB 1 -1 /2  (Photo 
Research Corporation, Hollywood, CA). In the successive 
discrimination task, the houselight served as the stimulus. 
The houselight was a 28 V, 40 ma T 3 1/4 miniature lamp 
with white translucent cap. The houselight emitted 
1 9 0 - 2 6 0  ft L. Again, the bright stimulus was generated by 
passing 28 volts through the lamp; the dim stimulus was 
generated by passing 28 V through a 430 ~ resistance in 
series with the lamp. 

Each experimental chamber was housed in an 80 quart 
Coleman camping cooler equipped with a ventilating fan. 
The fan provided masking noise for the chamber. 
Coulbourn solid state equipment controlled events in the 
chamber and recorded data. 

Procedure 

Animals were randomly assigned to the simultaneous or 
successive task and to one of three intertrial intervals (ITIs) 
within that task (10 mice/group). The three 1TIs were 10, 
20 and 40 sec. Prior to the start of training, the animals 
were placed in the appropriate chamber and nose-pokes 
were monitored for 15 min. The lighting conditions in the 
chamber were the same as those in the ITI of the task 
houselight on in the simultaneous box, houselight off in the 
successive box. There were no stimulus lights or rein- 
forcements during this time. The animals were then 
deprived of water for 24 hr before initiation of training. 
For the first day of training, all animals were run with a 
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FIG. I. Mouse Operant Chamber: (a) house light, (b) dipper access hole, (c) dipper trough, (d) photocell, (e) airpot, (D light sources, (g) 
stimulus light, (h) rotary solenoid. The left stimulus assembly is omitted for clarity. 
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20 sec ITI and  a 15 sec feeder  cycle. On the  second  day of  
t ra ining,  the  feeder  cycle was s h o r t e n e d  to 5 sec and  the  ITI 
was ad jus ted  to the  value assigned to each  animal .  

The  s imu l t aneous  d i sc r imina t ion  began  wi th  the  pre- 
s e n t a t i o n  of  the  b r igh t  and  d im s t imul i  to  the  animal .  If t he  
an imal  poked  its nose  in to  the  b r igh t e r  hole ,  t he  s t imul i  
wen t  off ,  t he  house l igh t  came on,  and  the  d ipper  was 
ac t iva ted .  If t he  an imal  p o k e d  the  d im hole ,  t he  s t imul i  
wen t  off,  t he  house l igh t  came on,  and  there  was n o  
r e i n f o r c e m e n t .  Dur ing the  ITI,  responses  had  n o  pro- 
g r a m m e d  consequences  bu t  were,  none the le s s ,  c o u n t e d .  

Af te r  the  ITI, two  s t imul i  were again p resen ted .  The  
pos i t ion  of  the  posi t ive  s t imulus  varied r a n d o m l y  af te r  
cor rec t  responses .  To p reven t  the  f o r m a t i o n  of  pos i t i on  
habi ts ,  t he  pos i t ion  of  the  posi t ive  s t imulus  r e m a i n e d  the  
same if  the  an imal  made  an e r ror  un t i l  a trial  ended  wi th  a 
cor rec t  response.  In the  successive task,  the  an imal  was 
requ i red  to poke  its nose  in to  the  left  hole  w h e n  the  
house l igh t  was b r igh t  and  in to  the  r ight  hole  w h e n  the  
house l igh t  was dim.  All o t h e r  c o n d i t i o n s  for  the  two  tasks 
were equa ted .  P re l iminary  e x p e r i m e n t s  ind ica ted  t h a t  these  
two  p r o b l e m s  were easier to  acquire  t han  the  converse  
p rob l ems  (d im l ight  posi t ive for  the  s i m u l t aneous  dis- 
c r i m i n a t i o n ;  br ight - r ight ,  d im-lef t  for  the  successive dis- 
c r imina t ion ) .  The animals  were r un  for  25 trials per  day,  six 
days per  week.  They  were reversed to the  more  di f f icul t  
converse  p rob lems  a f te r  a t t a in ing  a c r i t e r ion  of  92% 
accuracy  (23 of  25 trials co r r ec t )  on  3 of  4 consecut ive  
sessions. This  compara t ive ly  s t r ic t  c r i t e r ion  was chosen  to 
assure a cons i s t en t  h igh level of  p e r f o r m a n c e  in all an imals  
before  reversal  t ra ining.  

R E S U L T S  

The level of  nose -pok ing  pr ior  to  t ra in ing  is s h o w n  in 
Fig. 2. The  overall  ra te  of  nose -pok ing  is qui te  h igh  even 
wi th  no  p r o g r a m m e d  cons equences  for  the  response.  The  
animals  made  a b o u t  3 - 6  responses  per  m i nu t e .  The  animals  
in the  clark c h a m b e r  e m i t t e d  s igni f icant ly  more  nose-pokes  
t han  those  in the  i l l umina ted  c h a m b e r  ( t  = 3 .65,  df = 58;  
p < 0 . 0 0 5 ) .  There  were no  pre fe rences  for  left  or  r ight  
response  holes  in the  dark  c h a m b e r  (t  d = 0 .09 ,  df = 29;  
p > 0 . 4 5 0 ) .  However ,  t he re  was a h ighly  s igni f icant  pref- 
e rence  for  the  r ight  hole  in the  l ight-on c o n d i t i o n  ( t  d = 
3.70,  df = 29;  p < 0 . 0 0 5 ) .  S u b s e q u e n t  s tudies  have revealed 
no  pos i t ion  p re fe rences  in any  of  the  o p e r a n t  c h a m b e r s  in 
the  l ight -on  cond i t i on .  

At  the  t e r m i n a t i o n  of  the  s t u d y  on  Day 47 ,  all bu t  four  
animals  had  r eached  cr i te r ion  on  the  s i m u l t a n e o u s  p rob lem.  
Figure 3 shows the  cumula t ive  n u m b e r  of  animals  in each  
ITI g roup  reaching  cr i te r ion  over  the  course  of  the  s tudy.  
The 20 sec ITI was op t i m a l  for  the  acqu i s i t ion  of  the  
s imu l t aneous  p r o b l e m :  all 10 an imals  r eached  cr i te r ion .  In 
the  40  sec group,  9 of  the  10 an imals  r eached  c r i te r ion  by  
Day 47 and  in the  10 sec g roup ,  on ly  7 of  the  10 an imals  
r eached  c r i te r ion  by the  t e r m i n a t i o n  of  the  e x p e r i m e n t .  
Arbi t ra r i ly ,  a value of  50 days was used as the  learn ing  
score for  those  animals  t ha t  did no t  reach  cr i ter ion.  
Analysis  of  var iance showed  t h a t  the  ITI  ef fec t  was n o t  
s igni f icant  ( F ( 2 , 2 7 )  = 2.74 ; 0 .05 < p <  0 .10) .  

The  successive d i sc r imina t ion  was a m u c h  more  d i f f icul t  
p rob lem.  None  of  the  30 an imals  had  reached  c r i te r ion  by  
Day 47.  The  40  sec group  had  the  h ighes t  med ian  accuracy  
at the  t e r m i n a t i o n  of  the  e x p e r i m e n t  (10  sec - 56%, 20 sec 
- 52%, 40  sec - 68%).  
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FIG. 2. Preacquisition level of nose-pokes in light-on and light-off 
conditions. Mean of 30 animals + standard error of the mean is 

shown for each condition. 
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FIG. 3. Cumulative number of animals reaching criterion (23 of 25 
trials correct on 3 of 4 consecutive sessions) on the simultaneous 
discrimination with three values of intertrial interval. There were 10 

animals in each ITI group. 

Mean la tency  of  response  decreased rapid ly  in b o t h  
condi t ions .  Figure 4 shows the  mean  la tencies  and  s t anda rd  
devia t ions  for  b o t h  the  s imu l t aneous  and  the  successive task 
at  se lected t imes  dur ing  the  e x p e r i m e n t .  The  an imals '  
la tencies  decreased marked ly  wi th in  a day and  were close to 
s tab i l i ty  by Day 6. There  was l i t t le  change  a f te r  Day 9 in 
the  s imu l t aneous  task and  Day 18 in the  successive task. 
Fo r  the  s imul t aneous  task,  e f f ic iency of  responding ,  
c o m p u t e d  as n u m b e r  of  cor rec t  r e sponses / to t a l  n u m b e r  of  
responses  ( tr ial  + ITI  responses)  was cor re la ted  wi th  
accuracy,  c o m p u t e d  as n u m b e r  of  cor rec t  responses /  
n u m b e r  of  trials (25)  [ 1 0 s e c ,  r = .87; 2 0 s e c ,  r = .90; 
40 sec, r = .90] ; t ha t  is, as the  an imals  acqui red  the  task, 
they  learned  to d i sc r imina te  b o t h  the  posi t ive s t imulus  and  
the  trial c o n d i t i o n ;  the re fo re  mak ing  fewer  in te r t r ia l  
responses.  
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FIG. 4. Mean latency to respond (+ SD) on the simultaneous (left) 
and successive (right) task at selected times during the experiment. 
There were 10 animals in each ITI group. Day 1 data are based on 

30 animals. 

Reversal  l ea rn ing  was slow. Only one  of  the  an imals  had  
reached  90% accuracy  on  the  reversal  p r o b l e m  by the  
t e r m i n a t i o n  of  the  e x p e r i m e n t ,  and  this  an ima l  t o o k  24 
days to  reach  90% accuracy  for  the  first t ime.  On ini t ial  
acquis i t ion ,  some animals  r eached  90% accuracy  by  the  
f i f th  day of  t ra ining.  Because of  the  d i f ferences  in the  ra te  
of ini t ial  acquis i t ion ,  the  n u m b e r  of  an imals  p e r f o r m i n g  on  
the  reversal  p rob l em  and  the  n u m b e r  of  days  of  reversal 
t r a in ing  var ied cons iderab ly  a m o n g  groups.  The  m e d i a n  
accuracy  for  reversal  fo l lowing 2 weeks of  t ra in ing  was as 
fol lows:  10 sec 32% (n = 6);  20 sec 38% (n = 10);  
40  sec - 38% (n = 6). Dur ing  ini t ial  acquis i t ion ,  the  med ian  
accuracy  fo l lowing two  weeks of t ra in ing  was as fol lows:  
1 0 s e c  78%; 20 sec - 9 0 % ; 4 0  sec - 88%. 

DISCUSSION 

The  results  of  our  ini t ial  inves t iga t ion  of  a u t o m a t e d  
br igh tness  d i sc r imina t ion  in the  mouse  ind ica ted  t ha t  the  
acquis i t ion  of  a s imple s imu l t aneous  br igh tness  dis- 
c r im ina t i on  p r o b l e m  was suff ic ient ly  slow t h a t  a learn ing  
defici t  due to exposure  to a tox ic  agent  would  be easily 
de tec ted .  The successive d i sc r imina t ion  task appears  to  be 
ex t r eme ly  diff icul t  for  the  mouse  u n d e r  the  cond i t i ons  
s tudied.  

We have been  in t e re s t ed  in developing behaviora l  indices 
of  tox ic i ty  in mice for m a n y  of  the  reasons  m e n t i o n e d  
above.  In par t icular ,  mice of fer  e c o n o m y  in co l lec t ion  of  
the  correlat ive chemica l  da ta  essential  in any  toxicological  
inves t igat ion.  They  are also more  active t han  rats and have 
been  t ra ined  as early as 21 days of  age. The  t e c h n i q u e  
descr ibed above  offers  several advantages  over previous  
me thodo log ies .  Fi rs t  of  all, it is no t  necessary to subjec t  the  
animals  to  the  stress of  a h igh level of depr iva t ion  in o rder  
to  ma in t a in  adequa te  m o t i v a t i o n  (18 to 24 hr  of wate r  
depr iva t ion  is suff ic ient ) .  Such stress migh t  in te rac t  wi th  
the  direct  ef fects  of  the  agent  in ques t ion .  Secondly ,  
acquis i t ion  of the  ope ran t  is rapid and requires  no  shaping,  
t h e r e b y  decreas ing the  expe r imen te r - sub j ec t  i n t e r ac t i on  
which  could  bias the  results  of  behaviora l  s tudies .  Thi rd ly ,  
the  nose-poke  response  can be s tud ied  in very y o u n g  
animals  a l lowing the  assessment  of  deve lopmen ta l  variables.  
F o u r t h l y ,  the  level of  nose-poke  in the  animals  before  
t ra in ing  can be used to assess basel ine  exp lo ra to ry  act ivi ty .  
Final ly ,  t he  task di f f icul ty  may  be m a n i p u l a t e d  readily by 
selecting: (1)  the  n u m b e r  of  trials per  day,  (2)  the  ITI,  (3)  
the  s t imulus  in tens i ty  or t ype  of pa t t e rn ,  (4)  the  p rob lem 
type  (visual d i sc r imina t ion  vs. pos i t ion  hab i t ;  s imu l t aneous  
vs. successive d i sc r imina t ion ;  acquis i t ion  vs. reversal).  
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