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THOMPSON, D. M. Repeated acquisition of response sequences. effects of d-amphetamine and chlorpromazine. 
PHARMAC. BIOCHEM. BEHAV. 2(6) 741 746, 1974. - Pigeons obtained food by making 4 responses on 3 keys in a 
specified sequence, e.g., left, right, center, right. All 3 keys were the same color throughout the response sequence. Under 
the learning condition, the four-response sequence was changed from session to session. After learning (within-session error 
reduction) had stabilized, this baseline of repeated acquisition was used to assess the effects of varying doses of 
d-amphetamine and chlorpromazine. For comparison, the drug tests were also conducted under a performance condition, 
in which the four-response sequence was the same from session to session. Increases in total errors and pausing were 
obtained at tile largest dose of each drug under both the learning and performance conditions. Under the learning 
condition, the error rate decreased across trials within each session, but the degree of negative acceleration was less in the 
drug sessions than in the control sessions. In contrast, under the performance condition, the error rate was relatively 
constant across trials, but was higher in the drug sessions than in the control sessions. 
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A previous s tudy  f rom this labora tory  used repeated  acqui- 
si t ion of  behavioral  chains as a baseline to assess the effects  
o f  varying doses of  d - amphe t amine  and ch lo rpromaz ine  
[25] .  Pigeons worked  for  food in a chamber  conta ining 3 
response  keys;  all 3 keys were i l luminated at the same t ime 
by one of  four  colors. For  each session the  p igeon 's  task 
was to  learn a new four-response chain by pecking the  cor- 
rect  key in the  presence  of  each color,  e.g., keys  yel low - 
Left  correct ;  keys green - Right correct ;  keys red - 
Center  correct ;  keys  white  - Right  correct ;  food.  Drug 
adminis t ra t ion  ( intramuscular ly ,  30 min presession,  once a 
week) began af ter  the total  errors per session (overall 
accuracy)  and the within-session error  reduc t ion  (learning) 
had stabilized. The largest dose of  d - amphe t ami n e  (4 
mg/kg) was found  to  impair  overall accuracy and to 
decrease the rate of  learning; smaller doses ei ther  p roduced  
progressively less impa i rmen t  or had no effect .  In contras t ,  
ch lo rp romaz ine  did no t  af fect  overall accuracy at any of  
the doses tes ted ( 0 . 5 - 8  mg/kg),  a l though there  was a slight 
error-increasing effect  at the  largest dose during the first 
part  of  the session. 

In the chain p rocedure  descr ibed above, b o t h  color  and 
serial pos i t ion were available as discriminative st imuli  for  

correct  responding.  In the present  research, d i f fe rent  
colored keylights  were no  longer associated with the four- 
response sequence;  when  the  keyl ights  were on, they  were 
always white.  Such a s i tuat ion,  in which r e in fo rcemen t  is 
cont ingent  u p o n  the  comple t i on  of  four  behavioral  require- 
ments  in succession in the  absence of  corre la ted external  
stimuli,  can be t e rmed  a " t a n d e m "  sequence  (cf. [7] ) .  In 
short ,  the t andem procedure  e l iminated color as a dis- 
criminative s t imulus so that  the pigeons had only  serial 
pos i t ion  as a cue for  pecking the  correct  keys,  e.g., Left ,  
Right, Center ,  Right, food.  

The main objective of  the present  research was to  deter-  
mine whe the r  the  repeated  acquisi t ion of  t an d em response  
sequences  would be af fec ted  by d - amphe tamine  and chlor- 
p romaz ine  in the  same way that  was found  wi th  behavioral  
chains in the previous s tudy [25] .  It has been  shown in a 
variety of  o the r  s i tuat ions  that  the behavioral  effects  o f  
many  drugs can be modif ied  by the  presence  or absence of  
external  discriminative st imuli  [5, 10, 11, 15, 16, 17, 19, 
20, 22, 24, 27, 28] .  To permi t  a fur ther  compar ison ,  the 
drug tests were also conduc ted  under  a pe r fo rmance  condi-  
t ion,  in which  the  t an d em response  sequence  was the same 
f rom session to session. 

1 This research was supported by Public Health Service Grants MH 22340, FR 5360, and FR 5306. The d-amphetamine and chlorpromazine 
were kindly donated by Smith Kline and French Laboratories. I wish to thank Dr. Annette S. Thompson for comments on the manuscript. 
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M E T H O D  

Animals 

Three adult male White Carneaux pigeons (Nos. 7, 8 and 
10) were used. All had been used previously in drug experi- 
ments involving the repeated acquisi t ion and performance  
of  behavioral  chains [25,26] .  The pigeons were maintained 
within 10 g of  80% of their  free-feeding weights throughout  
the research by food presented during the sessions and by 
postsession supplemental  feeding. The 80% values ranged 
be tween  475 and 510 g. Water and grit were always avail- 
able in the home  cages. 

Apparatus 

A standard three-key pigeon chamber  (Lehigh Valley 
Electronics ,  Model 1519B) and connect ing automat ic  
control  equipment  were used. Each translucent response 
key, which required a static force of  18 g (0.177 newton)  
to close the microswitch,  could be transi l luminated by a 
Sylvania 24ESB white indicator  lamp. The scheduling of  
events was accomplished by means of  timers, .steppers and 
associated relay circuitry;  the recording was by counters  
and an 11 pen event recorder.  White noise was cont inuously  
present in the chamber  to mask extraneous sounds. 

Procedure 

Throughout  the fol lowing procedures the reinforcer  was 
5 sec access to mixed grain. Presentat ion of  food was 
accompanied  by the offset of  the keylights and the onset of  
the magazine light. The houselight was always off. Each 
session terminated  after 40 food presentations.  A blackout  
(all lights off)  of  variable dura t ion preceded and fol lowed 
each session. With few except ions  there were 7 daily 
sessions a week. 

Baseline conditions. The pigeons obtained food by 
making 4 responses on 3 keys in a specified sequence, e.g., 
Left, Right, Center,  Right (LRCR).  All 3 keys were the 
same color (white)  th roughout  the t andem sequence. 
(There was a momen ta ry  d imming of  the keylights when 
the sequence advanced.)  The same sequence (in this case, 
LRCR)  was repeated throughout  a given session and each 
complet ion  of  the sequence was considered a trial. Food 
re inforcement  was on a fixed ratio (FR  5) schedule: the 
comple t ion  of  every fifth trial was fol lowed by 5 sec access 
to grain. The comple t ion  of  all o ther  trials was fol lowed by 
a 0.5 sec presentat ion of  the food magazine. The number  of  
correct responses per session was fixed: four-response 
sequence on an FR  5 schedule for 40 food re inforcements  -- 
800 correct responses. When the pigeon pecked an incorrect  
key (a key not included in the four-response sequence),  the 
error was fol lowed by a 5 sec t imeout .  During the t imeout ,  
the keylights were off  and a response had no effect.  An 
error did not  reset the sequence;  i.e., the correct  key after 
the t imeout  was the same as before  the t imeout .  

Under  the tandem-learning condit ion,  the four-response 
sequence was changed from session to session. The se- 
quences were carefully selected to be equivalent  in several 
ways and there were restrictions on their  ordering across 
sessions (see [25]) .  An example  of  a typical  set of  six 
sequences i s  as follows: LRCR, CLRL, LRLC, RCRL, 
CLCR, RCLC. 

Under  the tandem-performance  condi t ion,  the four- 
response sequence was the same from session to session. 
Different sequences were arbitrarily selected for the three 

pigeons: C R L R  for No. 7; RCRL for No. 8; LRCR for 
No. 10. 

Drug testing. The drugs were tested first under the 
tandem-learning condi t ion  and then under the tandem- 
performance  condi t ion  with No. 7; the condi t ions  were 
reversed with Nos. 8 and 10. Before the drug testing began, 
the tandem baseline (ei ther learning or performance)  was 
stabilized. The baseline was considered stable when the 
total  errors per session and the within-session error rates no 
longer showed systematic  change f rom session to session. 
Fol lowing baseline stabilization ( 5 0 - 7 0  sessions under the 
tandem-learning condi t ion;  2 0 - 3 0  sessions under the 
t andem-per formance  condit ion) ,  the next  16 weeks were 
used to obtain dose-effect  data for d-amphetamine  sulfate 
and chlorpromazine  hydrochlor ide .  Four  doses of  each drug 
were tested (0.5, 1, 2, and 4 mg/kg of  d-amphetamine;  2, 4, 
8, and 16 mg/kg of  chlorpromazine)  and two determinat ions  
for each dose were taken with each pigeon. The drug testing 
fol lowed the design ACCA, where A and C represent the 
blocks of  four  doses of  d-amphetamine  and chlorproma- 
zinc; within each block, the doses were tested in a random 
order. The drugs were dissolved in saline and injected into 
the pectoral  muscles 30 min before the test sessions, which 
took  place once a week. Another  session in each week was 
preceded by the administrat ion of  saline. The volume of 
each inject ion was 0.1 ml /100  g body weight. 

R E S U L T S  

Figure 1 shows the effects  of varying doses of d- 
amphe tamine  and chlorpromazine  (both  determinat ions)  on 
the total  errors per session under the tandemqearning and 
tandem-performance  condit ions.  The drug data for individ- 
ual animals were analyzed by comparing a given drug ses- 
sion with the saline sessions and all of  the baseline sessions 
during drug testing except  the one after the drug session. 
The brackets  indicate the ranges of  variability for the base- 
line (B) and saline (S) sessions. A drug was considered to 
have an effect on overall accuracy to the extent  that  the 
dose data fell outside of  both  ranges (the two dashed hori- 
zontal  lines). Note that  the control  error levels under the 
learning condi t ion  were higher and more variable than 
those under  the performance condit ion.  There were several 
consistencies in the drug data (both  determinat ions)  for the 
three pigeons: (1) under  both  the learning and performance  
c o n d i t i o n s ,  both  d-amphetamine  and chlorpromazine 
impaired overall accuracy at the higher doses, (2) under 
both  condit ions,  the error-increasing effect  of  d-amphet-  
amine was obtained at lower doses than with chlor- 
promazine,  and (3) with both  drugs, the error-increasing 
effect was detected at lower doses under the performance  
condi t ion  than under  the learning condit ion.  

Figure 2 illustrates the within-session effects on accuracy 
obtained with the largest doses of  d-amphetamine  and 
chlorpromazine  (first determinat ions)  under  the tandem- 
learning and tandem-performance  condit ions.  The errors are 
plot ted  cumulat ively so that the rate of  errors during a 
given part of  a session can be est imated easily from the slope 
of  the curve. The curves for the drug sessions should be 
compared to the saline (max) and saline (min) sessions, 
which were the sessions with the max imum and min imum 
total  errors of  all the saline sessions (16) conducted  during 
drug testing under  a given condit ion.  Under  the learning 
condit ion,  al though the errors decreased across trials within 
each of  the four  sessions shown for each pigeon, the rate of 
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FIG. 1. Effects of d-amphetamine and chlorpromazine on the total errors per session under the tandem-learning and tandem- 
performance conditions. Four doses of each drug were tested and there were 2 determinations for each dose with each pigeon. The 

brackets and dashed horizontal lines indicate the ranges of variability for the baseline (B) and saline (S) sessions. 

erTor r e d u c t i o n  general ly  occur red  more  slowly dur ing  the  
drug sessions. 

The  change  in er ror  ra te  (negat ive acce le ra t ion)  dur ing  
each session u n d e r  the  learn ing  c o n d i t i o n  (Fig. 2, top)  was 
quan t i f i ed  by  app ly ing  the  Index  of  Curva ture  (cf. [ 8 , 2 5 ] )  
to  the  cumula t ive  data .  If  all t he  errors  occur red  dur ing  the  
first 20 trials, the  Index  would  take  on  its m a x i m u m  value 
of  - 0 . 9 0 0 ;  if t he  e r ror  ra te  were cons t an t  dur ing  the  
session, the  Index  would  equal  0. The  Index  values are 
s h o w n  for  each curve in Fig. 2. Note  tha t  u n d e r  the  learn ing  
cond i t ion ,  the  degree o f  negat ive  acce le ra t ion  o f  e r ror  ra te  
de,-reased (smal ler  Index  values) as the  to ta l  errors  per  
session increased.  Unde r  the  p e r f o r m a n c e  cond i t ion ,  how-  
ever, the  Index  values were no t  cons i s t en t ly  re la ted to the  
to ta l  errors  per  session. In the  con t ro l  and  drug sessions 
u n d e r  the  p e r f o r m a n c e  cond i t ion ,  the re  was e i the r  slight 
posi t ive acce le ra t ion  of  e r ror  ra te  or less negat ive  accelera- 
t ion  t h a n  t h a t  f o u n d  u n d e r  t he  learning cond i t ion .  In shor t ,  
the er ror  ra te  u n d e r  the  p e r f o r m a n c e  c o n d i t i o n  was rela- 
tiw.qy cons tan t ,  bu t  was h igher  in the  drug sessions t h a n  in 
the  con t ro l  sessions. The second  d e t e r m i n a t i o n s  for  these  
doses yie lded similar  results.  

An inspec t ion  was made  of  the  d i s t r i bu t ion  of  er rors  
across the  four  serial pos i t ions  of  the  t a n d e m  sequence  and 
across the  5 serial pos i t ions  of  the  fixed ra t io  schedule .  The 

er ror  d i s t r ibu t ions  are no t  s h o w n  since the re  was no  
a p p a r e n t  drug effect .  U n d e r  b o t h  the  learning and  perfor-  
m a n c e  con t ro l  cond i t ions ,  fewer  errors  t e n d e d  to be made  
in the  last  par t s  of  the  t a n d e m  sequence  and  the  fixed ra t io  
schedule  t h a n  in the  first parts .  The same t rend  was also 
de tec ted  t h r o u g h o u t  the  tes t ing  of  b o t h  drugs. 

A l t h o u g h  errors  were the  da ta  o f  ma jo r  in te res t ,  t he re  
were o the r  behaviora l  measures  af fected by  the  drugs t h a t  
shou ld  be  m e n t i o n e d .  One of  these  was the  to ta l  tr ial  t ime  
(i.e., t he  to ta l  n u m b e r  o f  minu te s  t ha t  the  keyl ights  were 
on  dur ing  a session),  wh ich  indica tes  the  a m o u n t  of  paus ing  
t ha t  occurred .  In general ,  t he  effects  of  the  drugs on  to ta l  
tr ial  t ime  ( n o t  shown)  were similar to the i r  effects  on  to ta l  
errors. When  the  drugs increased the  to ta l  errors,  the  
a m o u n t  of  paus ing  also general ly  increased.  There  were, 
however ,  a few cases where  the  to ta l  errors  were above  the  
con t ro l  range b u t  the  to ta l  tr ial  t ime  was no t ,  e.g., No. 8 at  
4 mg/kg  of  d - a m p h e t a m i n e  (first  d e t e r m i n a t i o n )  u n d e r  the  
learn ing  cond i t i on ;  No. 10 at 2 mg/kg  of  d - a m p h e t a m i n e  
( b o t h  d e t e r m i n a t i o n s )  u n d e r  the  pe r fo rmance  cond i t ion .  
There  were n o  ins tances  of  increased pausing at doses tha t  
had  no  ef fec t  on  accuracy.  

A n o t h e r  behaviora l  measure  a f fec ted  by  the  drugs was 
the  t i m e o u t  responses  pe r  session, i.e., the  to ta l  n u m b e r  of  
responses  made  dur ing  the  5 sec t i m e o u t  per iods  when  the  
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FIG. 2. Within-session effects on accuracy obtained with the largest doses of d-amphetamine and chlorpromazine (first determina- 
tions) under the tandem-learning and tandem-performance conditions. The saline (max) and saline (min) sessions were the sessions 
with the maximum and minimum total errors of all the saline sessions (16) conducted during drug testing under a given condition. 
The Index of Curvature value is shown for each session. The Index can range from -0 .900 (maximum negative acceleration of error 
rate) to 0.900 (maximum positive acceleration) since each session was divided into tenths; a constant error rate yields a value of zero. 

l ights were of f  and  a response  had no  effect .  Figure 3 shows 
the  drug effects  on  t i m e o u t  responses  for the  sessions 
s h o w n  in Fig. 1. A compar i son  of  Fig. 3 wi th  Fig. 1 indi- 
cates tha t  the  effects  of  ch l o r p r om az i ne  on  t i m e o u t  
responses  were general ly similar to  its ef fects  on  to ta l  errors  
u n d e r  the  learn ing  cond i t ion .  The  on ly  e x c e p t i o n  occur red  
at the  8 mg/kg  dose wi th  No. 8, where  there  was an increase 
in t i m e o u t  responses  bu t  no  effect  on  to ta l  errors.  However ,  
u n d e r  the  p e r f o r m a n c e  cond i t ion ,  s imilar  t r ends  were 
ob ta ined  in on ly  one  pigeon (No. 7). With Nos. 8 and 10, 
there  was no  effect  on  t i m • o u t  responses  at any dose of  
ch lo rp romaz ine  even t h o u g h  to ta l  errors  increased at the  
higher  doses. In cont ras t ,  d - a m p h e t a m i n e  general ly 
af fec ted  t i m e o u t  responses  and to ta l  errors  d i f fe ren t ly  
u n d e r  b o t h  the  learning and  pe r f o r m ance  condi t ions .  Al- 
t h o u g h  to ta l  errors  increased at the  h igher  doses, t i m e o u t  
responses  e i ther  showed  no  change or a slight decrease  
(No. 8 at 2 and 4 mg/kg  u n d e r  the  learning condi t ion) .  The 
only  similari ty be t w een  the  2 measures  was found  wi th  
No. 7 at the  4 mg/kg  dose u n d e r  the  p e r f o r m a n c e  condi-  
t ion,  where  t i m e o u t  responses  were elevated by d- 
a m p h e t a m i n e .  

DISCUSSION 

The  presen t  resul ts  indicate  tha t  the  repea ted  acquis i t ion  
of  t a n d e m  response  sequences  is a f fec ted  by  d -amphe t -  
amine  in a m a n n e r  similar to  t ha t  f ound  wi th  chain  
sequences  in previous  research [25 ] .  With b o t h  t a n d e m  and 
chain  sequences,  the  largest dose (4 mg/kg)  p roduced  
increases in to t a l  errors  and  to ta l  trial t ime  bu t  had l i t t le  or 
no  effect  on  t i m e o u t  responses.  In b o t h  cases, the  ra te  of  
wi thin-sess ion error  r educ t i on  ( learning)  was less in the  drug 
sessions t h a n  in the  con t ro l  sessions. An a t t e m p t  to  mimic  
these  drug effects  b y  a prefeeding  m a n i p u l a t i o n  was unsuc-  
cessful [ 2 5 ] ,  t h e r e b y  suggesting t ha t  d - a m p h e t a m i n e ' s  
effect  on  learning is no t  re la ted to the  possible anorex ic  
ef fec t  of  the  drug ( the  a m o u n t  of  grain consumed  was no t  
measured) .  

Despi te  the  above similarities,  however ,  the  t andem-  
learning basel ine  appeared  to be less sensit ive to  the  effects  
of  d - a m p h e t a m i n e  t han  the  chain- learn ing  baseline.  Doses 
smaller  t h a n  4 mg/kg  did no t  increase to ta l  errors  (Fig. 1) 
or to t a l  trial t ime  u n d e r  the  t andem- lea rn ing  cond i t i on  but  
did have such effects  u n d e r  the  chain- learn ing  cond i t ion  
[251.  
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FIG. 3. Effects of d-amphetamine and chlorpromazine on the timeout responses per session (i.e., the total number of responses made 
during the 5 sec timeout periods when the lights were off and a response had no effect) under the tandem-learning and tandem- 

performance conditions. (See legend for Fig. 1). 

The largest dose of  chlorpromazine tested under the 
chain-learning condition was 8 mg/kg. Although this dose 
did not increase total errors, the within-session data sug- 
gested that " . . .  if even larger doses of chlorpromazine had 
been tested, the overall accuracy would have been im- 
paired" ( [25] ,  p. 512). This suggestion is supported by the 
present finding that 16 mg/kg of chlorpromazine produced 
a substantial increase in total errors (Fig. 1). The tandem- 
learning baseline was, however, less sensitive to the effects 
of  chlorpromazine on total trial time than the chain- 
learning baseline; e.g., the 8 mg/kg dose did not increase 
total trial time under the tandem-learning condition but did 
have such an effect under the chain-learning condition 
[:251. 

Similar results have been obtained in a related "perfor- 
m a n c e "  situation, where two phenothiazines (chlor- 
promazine and trifluoperazine) had greater effects on the 
response rate of pigeons under a chained fixed ratio 
schedule than under a tandem fixed ratio schedule [24].  In 
a variety of other performance situations, however, it has 
been found that behavior under the control of external 
d:Lscriminative stimuli is less readily disrupted by drugs than 
behavior not under such control [5, 10, 11, 15, 16, 17, 19, 
20, 22, 27, 28]. In discussing this apparent discrepancy, 
Laties [ 15 ] pointed out that " . . .  framing an explanation 
o1! how drug action is modified by stimulus control may 
require one to determine just what types of behavioral 

changes are produced by the addition of particular environ- 
mental stimuli at particular times" (p. 12). 

One type of behavioral change produced by switching 
from the chain-learning condition in the previous study 
[25] to the tandem-learning condition in the present re- 
search Was an increase in baseline variability. Since detec- 
tion of  a drug effect is obviously more difficult as the 
control variability increases, this factor may explain why 
the tandem-learning baseline was less sensitive to drug 
effects than the chain-learning baseline. Because the drug 
effects originally obtained with the chain-learning baseline 
[25] were replicated after the completion of the present 
research (unpublished observations), the lesser sensitivity of 
the tandem-learning baseline cannot be attributed to the 
experimental histories of the pigeons. Although the factor 
of baseline variability may also account for the finding that 
the tandem-learning baseline was less sensitive to some of 
the drug effects than the tandem-performance baseline 
(Fig. 1), it cannot explain the different within-session 
changes in behavior under the two conditions (Fig. 2). 
Under the learning condition, the error rate decreased 
across trials, but the degree of negative acceleration was less 
(smaller Index of  Curvature values) in the drug sessions 
than in the control sessions. In contrast, under the perfor- 
mance condition, the error rate was relatively constant 
across trials, but was higher in the drug sessions than in the 
control sessions. 
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It is difficult  to compare  ei ther  the  tandem-learning or 
chain-learning baseline with o the r  t echniques  repor ted  in 
the  l i terature on drugs and learning because (1) none  of  the 
previous studies of  the  effects  of  d -amphe tamine  and chlor- 
p romazine  on learning have used pigeons as subjects  and (2) 
most  o f  these studies have not  ob ta ined  dose-effect  data  
and have not  used accuracy as a behavioral  measure (see 
reviews: [6, 9, 13, 14, 18, 23, 29]) .  The tandem-  
per formance  baseline, however,  may be compared  with 
o the r  techniques  that  have been  used to s tudy the dose- 
effects  o f  these drugs on pe r fo rmance  accuracy in pigeons, 

such as matching to  sample [1, 2, 3, 12, 21] and count ing  
schedules [4 ,15] .  With these techniques ,  it has been 
shown that  d - amphe t amine  and ch lorpromazine  can impair 
pe r fo rmance  accuracy in a dose-related fashion, which is 
cons is tent  with the present  results. 

In conclusion,  despi te  certain similarities in the data 
ob ta ined  with chain and t an d em sequences,  a compar ison  
of  the present  results wi th  previous research [25] indicates 
that  the repeated  acquisi t ion of  behavioral  chains is a more  
stable and a more  sensitive baseline for assessing the effects  
of  drugs on learning in individual animals. 
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