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RESPONSE LATENCY: A FUNCTION OF WITHIN-SESSION
DIFFERENCES IN INTERTRIAL INTERVAL, TRAINING HISTORY,

CUE CONDITION, AND RATIO REQUIREMENT

James B ryant Nuzzo, M.A.

W estern Michigan U n iv e rs ity , 1981

S kinner h as  suggested  th a t  la te n cy  does n o t vary  in  an  o rd e rly  

manner and s h o r t  l a te n c ie s  r e s u l t  from the  developm ent o f  e f f e c t iv e  

w a itin g  beh av io r n o t s p e c if ie d  by the  experim en tal c o n tin g e n c ie s .

R ecent ex p erim en ta tio n  h as  found la te n c y  to  vary a s  a  fu n c tio n  o f  a  

w ith in -se s s io n  d if fe re n c e  in  param eters o f  re in fo rcem en t c o r r e la te d  

w ith  two components o f a  d i s c r e t e - t r i a l  m u ltip le  sch ed u le . Also 

found was the  a t te n u a t io n  o f  w ith in -se s s io n  d if f e r e n c e s  in  la te n c ie s  

w ith  the  change in  i n t e r t r i a l  in te r v a l  (IT I)  from 5 seconds to  20 sec

onds. T h is su g g es ts  th a t  the  IT I may be a  v a r ia b le  which c o n tro ls  

la te n c y . T h is study  in v e s t ig a te d  the  e f f e c t  on la te n c y  o f  w ith in -  

s e s s io n  d if f e r e n c e s  in  IT I , IT I t r a in in g  h i s to r i e s ,  IT I cue c o n d itio n s , 

and m an ip u la tio n s  in  the  r a t i o  requ irem en t. The r e s u l t s  su g g es t t h a t  

la te n c y  may vary  a s  a  fu n c tio n  o f s u p e r s t i t io u s  IT I response  p a t te r n s  

which determ ine the  s u b je c t 's  p o s i t io n  a t  th e  moment o f  s tim u lu s  on

s e t .  S u p e rs t i t io u s  response  p a t te r n s  v a r ie d  a s  a  fu n c tio n  o f  changes 

in  the  independent v a r ia b le s .  A re a c t io n  tim e procedure i s  recommended 

to  av o id  the  e f f e c t s  o f  s u p e r s t i t io u s  b ehav io r on la te n c y .
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INTRODUCTION

la te n c y  ( th e  time from s tim u lu s  o n se t to  the  occurrence o f  the  

f i r s t  re sp o n se ) has in fre q u e n tly  "been employed a s  a  dependent v a r ia b le  

in  th e  exp erim en ta l a n a ly s is  o f  behav io r (S teb b in s , 1961). In s te a d , 

response  r a te  has served  a s  the  prim ary dependent v a r ia b le  in  o p eran t 

re s e a rc h .

A v a r ie ty  o f  p r a c t i c a l ,  t h e o r e t ic a l ,  and em p iric a l d i f f i c u l t i e s  has 

been c i t e d  (S k in n e r ,1961; S teb b in s , 1961; M ichael, Note l )  a s  ex p lana

t io n s  o f  the  in fre q u e n t use o f  la te n c y  a s  a  dependent v a r ia b le .

S k inner (1961) in  a  review  o f  dependent v a r ia b le s  c i t e s  e m p iric a l 

f in d in g s  (19^6) which su g g es t th a t  response la te n c y  "does n o t vary  

co n tin u o u sly  o r  in  an  o rd e rly  fa sh io n "  (1961, p . V f ) . In  a d d i t io n , 

S k inner (1961) sp e c u la te s  th a t  la te n c y  i s  p a r t ly  a  fu n c tio n  o f  " e f 

f e c t iv e  w a itin g  behavior" o r  behav io r which "marked tim e" (p . ^ 7 ) ,  

bo th  o f  which a re  n o t e x p l i c i t l y  r e la te d  to  the  exp erim en ta l c o n tin 

g e n c ie s .

Moody, S te b b in s , and I s la u e r  (1971) note the  s im i la r  problem o f 

sp e c ify in g  th e  s u b je c t 's  p o s i t io n  in  th e  chamber a t  th e  moment o f  

s tim u lu s  p re s e n ta t io n . Second, they  sug g est t h a t  th e  s u b je c t 's  f a i l 

u re  to  respond , r e s u l t in g  in  no d a ta ,  i s  l ik e ly  w ith  th e  p re s e n ta t io n  

o f  a  neg a tiv e  s tim u lu s  (s tim u lu s  n e g a tiv e ly  c o r re la te d  w ith  r e in f o r c e 

ment o r  S - ) .  An a d d i t io n a l  d i f f i c u l t y  i s  th a t  la te n c y  v a r ie s  a s  a  

fu n c tio n  o f  s tim u lu s  in te n s i ty  which may f u r th e r  confound the

1

R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .



ex p erim en ta l r e s u l t s  o f  a  procedure u t i l i z i n g  more th a n  one an teced 

e n t  s tim u lu s .

Michael (Note l) suggests that the unavailability of highly ac
curate and easily programmed control and data acquisition devices 
may have contributed to disinterest in latency as a dependent var
iable.

D espite  S k in n e r 's  c r i t i c i s m s ,  la te n c y  has been s u c c e s s fu lly  em

ployed in  a  v a r ie ty  o f  o p e ran t p ro ced u res . S ch u s te r (1959) found 

b eh av io ra l c o n tr a s t  w ith  a  two-component M ultip le  F ix ed -R a tio , Fixed 

R a tio  schedule (M ultip le  FR, FR) employing la te n c y  a s  th e  dependent 

v a r ia b le .  That i s ,  w ith  the  in c re a se  in  the r a t i o  re q u ire d  f o r  r e in  

forcem ent in  one component o f  the  m u ltip le  sch ed u le , th e  la te n c y  in  

th e  unchanged component sh o rte n ed . S teb b in s  (1962) found la te n c y  in  

a  r e a c t io n  tim e procedure v a r ie d  sy s te m a tic a lly  a s  a  fu n c tio n  o f  be- 

tw een -sess io n  m an ip u la tio n s  in  th e  amount o f  re in fo rc e m e n t. In  the  

r e a c t io n  time procedure th e  s u b je c t d e p re sse s  and h o ld s  th e  manipu- 

landum in  the  presence o f  SI f o r  a  g iv en  d u ra tio n  o r  " fo re p e rio d "  

and r e le a s e s  th e  manipulandum w ith  th e  o n se t o f  S2; th e  la te n c y  o r 

" re a c tio n  tim e" i s  measured from S2 o n se t to  th e  r e le a s e  o f  th e  man

ipulandum. la te n c y  has been p r o f i ta b ly  employed in  s tu d ie s  o f  

s tim u lu s  c o n tro l (C ross & la n e ,  1962; Heinz & Eckerman, 197^5 Moody 

e t  a l . ,  1971* S teb b in s  & la n so n , 1961; S teb b in s  & R eynolds, 196^;. 

T e rrace , 1963) ,  sched u les  o f  re in fo rcem en t (S teb b in s , Mead, & M artin  

1959; S teb b in s , 1962; S teb b in s  & Lanson, 1962), and anim al
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psychophysics (Blough, 1959; Green, Terman, M., & Terman, J . ,  1979; 

Saslow , 1968; S teb b in s  & M ille r , 196^ ; S teb b in s , 1970; Terman, M., & 
Terman, J . ,  1973)-

Local i n t e r e s t  in  response la te n c y  has r e s u l te d  from th e  develop

ment o f  a  s tu d e n t la b o ra to ry  p ro je c t  a t  Western M ichigan U n iv e rs ity . 

T h is  undergraduate  experim en tal la b o ra to ry  program, concerned w ith  

la te n c y , has gen era ted  a  them atic  l in e  o f  re se a rc h  by g rad u a te  s tu 

d e n ts  and f a c u l ty .  The study  which fo llo w s i s  a  p o r t io n  o f t h i s  

th em atic  l in e  o f  re s e a rc h  e f f o r t .

The s tu d e n t la b o r a to r y 's  g en e ra l procedure in v o lv e s  a  d i s c r e t e -  

t r i a l  two-component m u ltip le  schedu le , where the  components d i f f e r  in  

v a r io u s  param eters o f re in fo rcem en t ( r a t io  re q u ire d  to  produce r e in 

forcem en t, p ro b a b i l i ty  o f  re in fo rcem en t, and d u ra tio n  o f  re in fo rc e m e n t) . 

Random component p re s e n ta tio n s , c o n s t i tu t in g  t r i a l s ,  a re  s e p a ra te d  by 

5 sec i n t e r t r i a l  in te r v a l s  ( i T I 's ) .  Latency was found to  v a ry  system 

a t i c a l l y  a s  a  fu n c tio n  o f  the  param eters o f  re in fo rcem en t c o r r e la te d  

w ith  each component (M ichael, Note l ) .  L a ten c ies  to  th e  s tim u lu s  c o r

r e l a t e d  w ith  th e  b e t te r  param eters  o f  re in fo rcem en t ( e . g . ,  few er 

re sp o n ses  re q u ire d , g r e a te r  p ro b a b il i ty  o f  re in fo rce m e n t, lo n g e r  dura

t io n  o f  re in fo rcem en t) were s h o r te r  than  those  to  th e  s tim u lu s  

c o r r e la te d  w ith  th e  poo rer param eters o f  re in fo rcem en t ( e . g . ,  more 

re sp o n ses  re q u ire d , l e s s e r  p ro b a b il i ty  o f  re in fo rce m e n t, s h o r te r  d u r

a t io n  o f  re in fo rce m e n t) . M ichael (Note 2) found d u rin g  p a ram etric  

m an ip u la tio n s  o f  •various a s p e c ts  o f  the  g en e ra l procedure  th e  change
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i n  the  IT I from 5  sec to  20 sec a tte n u a te d  the  s e p a ra tio n  in  response 

la te n c ie s  c o r r e la te d  w ith  each component (lo n g e r l a te n c ie s  became 

much s h o r te r  w hile  s h o r te r  la te n c ie s  in c re a se d  s l i g h t l y ) .  With the  

r e tu r n  to  th e  5  sec IT I th e  s e p a ra tio n  in  la te n c ie s  was reco v ered .

T h is a t te n u a t io n  o f d i f f e r e n t i a l  respond ing  a s  a  fu n c tio n  o f  an 

in c re a se  in  IT I su g g ests  t h a t  IT I d u ra t io n  may be a  v a r ia b le  c o n tro l

l in g  a b so lu te  a n d /o r  r e l a t iv e  response la te n c y . S im ila r ly , H o lt and 

S h a fe r (1973) found th a t  in c re a s in g  IT I d u ra tio n  in c re a se d  m atching- 

to-sam ple accu racy  in  th e  pigeon in  an  o rd e r ly  fa s h io n . H olt and 

S h afe r sug g est the  in c re ase d  m atching-to-sam ple accuracy  i s  a  fu n c tio n  

o f in c re ase d  a tte n d in g  o r  observ ing  o f  th e  response key a ffo rd e d  by 

th e  lo n g e r I T I 's .

The in te n t  o f  t h i s  s tudy  was to  determ ine w hether response la te n 

cy would vary  a s  a  fu n c tio n  o f  the  d u ra t io n  o f  the  p reced ing  IT I on a  

w ith in -se s s io n  b a s is .  In  a d d i t io n , th e  e f f e c t  o f  IT I t r a in in g  h is to ry  

was o f  i n t e r e s t  s in ce  in  the  p rev io u s  s tudy  the  s u b je c ts  which demon

s t r a t e d  the  a t te n u a tio n  o f  th e  s e p a ra tio n  in  response la te n c ie s  had 

e x c lu s iv e  5 sec IT I h i s t o r i e s .  A lso f o r  some s u b je c ts  I T I 's  were 

cued to  in c re a se  the  l ik e l ih o o d  th a t  th e  d i f f e r e n t  I T I 's  would develop  

d i f f e r e n t i a l  c o n tro l  o f response  l a t e n c ie s .
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METHOD

S u b jec ts

Nine 5 - to -8 -y e a r-o ld  fem ale White Carneaux p igeons served  a s  

s u b je c ts .  A ll were ex p erim en ta lly  naive a t  th e  beg inn ing  o f  the  

s tu d y . They were m ain tained  a t  approx im ately  80% o f  t h e i r  f r e e - f e e d 

ing  w eig h t. A ccess to  g ra in  served  as. th e  re in fo rcem en t in  th e  

ex p erim en ta l s e s s io n s  w ith  a d d i t io n a l  g ra in  r a t io n s ,  n ecessa ry  to  

m a in ta in  t h e i r  80% w eigh t, p rovided  in  th e  home c a g e . W ater and g r i t  

were co n tin u o u sly  a v a ila b le  in  the  s u b je c ts ' home c a g e s . One s u b je c t ,  

p igeon 2055* d ie d  du rin g  th e  course  o f  th e  experim en t.

A pparatus

Three Lehigh V alley  E le c tro n ic s  s tan d a rd  th re e -k e y  pigeon t e s t  

chambers were u t i l i z e d .  For t h i s  experim ent only th e  key ( r e 

sponse key) was employed. The key c o n s is te d  o f  a  2 .5  cm tra n s lu c e n t  

d is k  c en te re d  26 cm from th e  chamber f lo o r  and 1 7 .5  cm from e i t h e r  

s id e  o f  th e  in te l l ig e n c e  p an el a s  measured to  the  c e n te r  o f th e  r e 

sponse key. A fo rce  o f  0 .2  N * 0 .02  N was re q u ire d  to  o p e ra te  the  

k e y 's  m icrosw itch . S tim u li tra n s il lu m in a te d  the  re sp o n se  key by an  

in l i n e ,  d i g i t a l  read o u t p r o je c to r  ( in d u s t r i a l  E le c t r o n ic s  E n g in ee rs , 

I n c . ,  Model #10-30^3)* S tim u li in c lu d ed : Green, Red, and Yellow 

(Kodak w ra tten  f i l t e r s ;  #7^» #72B, and #73» r e s p e c t iv e ly )  a s  w e ll a s

5
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a  w hite  c ro s s  on a  b lack  background composed o f superim posed v e r t i c a l  

and h o r iz o n ta l  2 mm wide l i n e s .

A ccess to  mixed g ra in  occurred  w ith  the  i l lu m in a tio n  o f  the  6 cm 

X 5 cm hopper opening c e n te re d  13 .5  cm below the  response key . Exper

im en ta l chamber i l lu m in a tio n  was provided  by a  7*5 w a tt sh ie ld ed  lamp 

lo c a te d  7 cm above the  response  key. E x te rn a lly  mounted ex h au st fan s  

p ro v id ed  v e n t i l a t io n  and a  con tinuous masking n o ise  f o r  each chamber.

A c e n t r a l l y  lo c a te d  16 X 19 cm one-way m irro r in  each  chamber door 

p e rm itte d  d i r e c t  o b se rv a tio n  o f  the  cham ber's i n t e r i o r .

D ire c t  o b se rv a tio n  d a ta  were c o lle c te d  u sing  th re e  te le g ra p h  keys 

w ired  to  a  20-pen O peration  R ecorder (E s te r l in e  Angus I n c .)  which op

e ra te d  a t  l^f cm p e r  m in u te . The rem aining exp erim en ta l c o n tro l  and 

d a ta  a c q u is i t io n  p rocedu res were provided  by a  PDP-8/P m inicom puter 

and RX01 flo p p y  d is k -d r iv e s  (D ig ita l  C o n tro l C orpo ra tion ) which were 

lo c a te d  in  a  sep a ra te  room. An in te r fa c e  (S ta te  Systems I n c .)  con

n ec ted  th e  ex p erim en ta l chambers w ith  the  com puter. E xperim ental 

c o n tro l  and d a ta  a c q u is i t io n  were programmed in  SUPERSKED softw are  

(Snapper & I n g l i s ,  1980).

Procedure

Shaping

The n ine s u b je c ts  were i n i t i a l l y  t r a in e d  to  e a t  g ra in  from th e  

illu m in a te d  hopper d u rin g  i t s  p re s e n ta t io n . The g ra in  magazine was
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p re sen te d  a t  random in te r v a l s  by means o f  a  h a n d -a c tiv a te d  sw itch .

Hopper t r a in in g  was com pleted w ith in  3 -5  s e s s io n s .

Upon com pletion  o f hopper t r a in in g ,  response  key pecks were 

shaped by re in fo rc in g  su ccessiv e  app rox im ations o f  respond ing  toward 

the  key . The key was yellow  d u rin g  t h i s  ph ase . The f i r s t  peck 

c lo s in g  th e  response k e y 's  m icrosw itch  r e s u l te d  in  g ra in  p re s e n ta tio n  

f o r  4  sec and the  i n i t i a t i o n  o f  the  com puter c o n tro l le d , key t r a in in g  

program . The key. t r a in in g  program p re sen te d  4  sec o f  re in fo rcem en t 

fo llo w in g  each peck on the  yellow  response  key (con tinuous re in fo rc e 

ment o r  CRF); the  se ss io n  te rm in a ted  a f t e r  th e  d e l iv e ry  o f 50 

re in fo rc e m e n ts . A ll p igeons re c e iv e d  3 -5  se s s io n s  o f  such t r a in in g  

u n t i l  s e s s io n  d u ra tio n s  were under 7 m in u tes . Subsequently  the  nine 

s u b je c ts  began the  b asic  exp erim en ta l procedure w ith  each su b je c t  a s 

signed  to  d i f f e r e n t  t r a in in g  c o n d itio n s  s p e c if ie d  below.

B asic Procedure

The d i s c r e t e - t r i a l ,  two-component, m u ltip le  o r  mixed schedule i s  

diagram ed (F igure  l )  in  term s o f  S ta te  N o ta tio n  (SUPERSKED, 1980). 

Components c o n s is te d  o f  5 sec o r  20 sec I T I 's  p reced ing  a  s in g le  d i s 

c r im in a tiv e  s tim u lu s . The s e s s io n  began w ith  the  i l lu m in a tio n  o f the 

chamber h o u s e lig h t. The com puter program randomly s e le c te d  a  number 

("5"  o r  "20"), w ith o u t rep lacem en t, from a  s p e c if ie d  l i s t  and e v a l

u a ted  the  s e le c te d  value in  a  d e c is io n  fu n c tio n . I f  th e  s e le c te d  

number eq u a lled  "5" then  the  IT I p reced in g  o n se t o f  th e  S*3 would be
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F igu re  1 . B asic procedure d e sc rib ed  in  S ta te  N o ta tio n  form.

(C irc le s  re p re se n t " s ta te s "  o r  environm ental c o n d itio n s . 

E ven ts o ccu rrin g  befo re  a  co lon  (s )  a re  e i t h e r  the  passage 

o f  tim e o r b eh av io r . E ven ts which fo llow  a  co lon  a re  the  

e f f e c t s  o f the  p reced ing  ev en t r e s u l t in g  in  the  t r a n s i t i o n  

to  the  nex t s t a t e . Diamonds in d ic a te  "d ec is io n "  where the 

occurrence o f one o f two p o ss ib le  ev en ts  i s  c o n d itio n a l 

upon the  r e s u l t s  o f  p reced ing  e v e n ts .)
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5 sec , b u t i f  the  s e le c te d  number d id  n o t equal "5" th e n  th e  IT I 

would be 20 s e c . With th e  d e c is io n  a  s tim u lu s  "cue" (Red, Green, 

C ross, o r  d a rk  key) c o r r e la te d  w ith  a  s p e c if ic  IT I d u ra tio n  t r a n s i l 

lum inated the  response key and the  IT I tim e r began. Responses to  

the key du rin g  the  IT I r e s e t  th e  IT I tim e r and began th e  IT I anew. 

Completion o f  the  IT I te rm in a ted  the  cue and tra n s i l lu m in a te d  the  r e 

sponse key w ith  the  yellow  d is c r im in a tiv e  s tim u lu s  (S ^ ). As in  

p rev io u s  la te n c y  s tu d ie s  (M ichael, Note 1 , Note 2) com pletion  o f  a  

s p e c if ie d  number o f  re sp o n ses  ( r a t i o  req u irem en t) o r  th e  passage o f 

30 sec (a b o rt l im i t )  te rm in a ted  th e  S^. I f  the  r a t i o  req u irem en t 

was com pleted w ith in  the  30 sec  a b o r t  l im i t ,  th en , w ith  a  p re d e te r 

mined p ro b a b i l i ty  (p r o b a b i l i ty  o f  re in fo rc e m e n t) , e i t h e r  a  s p e c if ie d  

d u ra tio n  o f  g ra in  was p re sen te d  (re in fo rcem en t d u ra tio n )  o r  a  b r i e f  

time o u t ( .5  sec h o u se lig h t o f f )  o ccu rred . The s e s s io n  te rm in a ted  

fo llow ing  60 t r i a l s .  No more th an  6 t r i a l s  w ith  the  same IT I d u ra 

t io n  occu rred  su c c e ss iv e ly .

B etw een-session  com parisons were made on th e  b a s is  o f  i n i t i a l  

IT I t r a in in g  h is to r y  and IT I cue c o n d itio n  (cued v e rsu s  uncued). 

Independent v a r ia b le s  v a r ie d  on a  be tw een -sess io n  b a s is  were th e  cues 

c o r re la te d  w ith  th e  IT I d u ra t io n , r a t i o  req u irem en t, p ro b a b i l i ty  o f  

re in fo rcem en t, and re in fo rcem en t d u ra t io n . The independen t v a r ia b le  

v a rie d  on a  w ith in -s e s s io n  b a s is  was th e  IT I d u ra tio n  p reced in g  th e
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Each s u b je c t  having com pleted key t r a in in g  s t a r t e d  th e  b a s ic  

p rocedure and was a ss ig n ed  to  an  i n i t i a l  b a se lin e  IT I d u ra t io n  and 

cue c o n d itio n  c o n s t i tu t in g  t r a in in g  h is to ry  (Table l ) .  B ird s  2^69, 

205^, and 2055» re s p e c tiv e ly , were a ss ig n ed  to  5  sec IT I , 20 sec IT I, 

and 5 and 20 sec IT I uncued t r a in in g  c o n d itio n s . S u b je c ts  w ith  only 

one IT I t r a in in g  value ( e .g . ,  5  sec. IT I)  re c e iv e d  60 t r i a l s  o f  th a t  

value w hile  s u b je c ts  w ith  two IT I v a lu es  (5 and 20 sec  IT I)  re c e iv e d  

30 t r i a l s  o f  each .

B ird s  6066, 5172, and 599, r e s p e c t iv e ly ,  were a ss ig n e d  to  5 sec 

IT I , 20 sec IT I , and 5 and 20 sec IT I cued h is to r y  c o n d it io n s .  The 

c ro s s  i n i t i a l l y  cued th e  5 sec IT I f o r  th e se  th re e  s u b je c ts ,  w hile  

d u rin g  th e  20 sec IT I th e  key rem ained d a rk  o r  uncued. S im ila r ly , 

B ird s  11^5, 3115, and 5118, r e s p e c t iv e ly ,  were a ss ig n e d  to  5  sec IT I , 

20 sec IT I , and 5  and 20 sec IT I cued h is to ry  c o n d it io n s . The c ro s s ,  

however, i n i t i a l l y  cued th e  20 sec IT I f o r  th e se  th re e  s u b je c ts ,  

w hile d u rin g  the  5  sec IT I the  key rem ained uncued. E a r ly  in  t r a i n 

in g  the  asym m etrica lly  illu m in a te d  cue (c ro s s  on key v e rsu s  d a rk  

key) was changed to  a  sym m etrically  il lu m in a te d  cue (each  IT I d u ra 

t io n  illu m in a te d  red  o r  g re e n ) . The change r e s u l te d  from n o tin g  

in c re ase d  responding  d u rin g  c ro s s  cued I T I 's  and c o r r e la te d  s h o r te r  

l a t e n c ie s .  Such d a ta  were judged to  be c o n s is te n t  w ith  an  a u to 

shaping a n a ly s is ,  in  term s o f  d i f f e r e n t i a l  p re d ic t iv e n e s s  by a  

co n d itio n ed  s tim u lu s  (CS) (Shwartz & Gamzu, 1977), and th e  change to
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Table 1

I n i t i a l  IT I  D uration  and Cue C ond ition  
f o r  Each S u b jec t

S u b je c ts B ase lin e  ITI . ITI Cue C ondition3,

114-5 5 see Dark k ey /g reen  key
6066 5  sec C ross k ey /red  key

24-69 5  sec Dark key

3115 20 sec C ross k e y /re d  key

5172 20 sec Dark k ey /g reen  key

2054- 20 sec Dark key

5118 5 sec and 20 sec Dark k ey /g reen  key

C ross k e y /re d  key

599 5 sec and 20 sec C ross k e y /re d  key
Dark k ey /g reen  key

2055 5 sec and 20 sec Dark key

Dark key

aCues l i s t e d  fo llo w in g  a  v irg u le  ( / )  in d ic a te  th e  new cue 

f o r  t h a t  IT I in tended  to  avo id  the  p o ss ib le  au to sh ap in g  e f 

f e c t  no ted  w ith  the  cue p reced ing  th e  v i rg u le .
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th e  sym m etrically  illu m in a te d  cue was in ten d ed  to  reduce th e  r e l e 

vance o f  an au toshap ing  a n a ly s is  o f  th e  exp erim en ta l r e s u l t s .  

S p e c if ic a l ly ,  B ird s  6066, 5172, and 599 had 5 sec I T I 's  cued Red and 

20 sec I T I 's  cued Green w hile  th e  cu e in g  o f  the  I T I 's  f o r  B ird s  11^5, 

3115, and 5118 was j u s t  th e  op p o site  (Tahle l ) .

B ase line  M anipulations

R einforcem ent d u ra tio n , p ro b a b i l i ty  o f  re in fo rce m e n t, and r a t i o  

req u irem en ts  c o n s t i tu te d  the  v a r ia b le s  m anipulated  f o r  the  n ine sub

j e c t s  du ring  b a se lin e . I n i t i a l l y ,  a l l  s u b je c ts  began w ith  a  r a t i o  

requ irem en t o f  one response  ( l ) ,  p ro b a b i l i ty  o f  re in fo rcem en t o f  

10Q# ( l .O ) ,  and d u ra tio n  o f  re in fo rce m e n t o f  k sec (*f") a c c e ss  to  

g ra in  ( l / l . O / V ') .

Follow ing a t  l e a s t  f iv e  s e s s io n s  th e  d u ra tio n  o f  re in fo rcem en t 

was changed from l / l .O /V ' to  1 /1 .0 /3 " .  Subsequent b a se lin e  changes 

in  th e  th re e  param eters o f  re in fo rce m e n t occu rred  fo llo w in g  f iv e  s e s 

s io n s  p e r c o n d itio n  (Table 2 ) .  One param eter o f  re in fo rcem en t was 

v a r ie d  p e r c o n d itio n  change. The sequence o f  m an ip u la tio n s  in  the  

param eters  o f  re in fo rcem en t f o r  the  n in e  s u b je c ts  was: 1 .1 . 0/ 3 ",

1 /* 7 /3 " , 3 / .7 /3 " ,  7 / .7 /3 " -  When th e  p a ram etric  v a lu e s  o f  ?/.7 /3 "  

had been reached  by each s u b je c t and th e  s t a b i l i t y  c r i t e r i o n  (sp e c i

f i e d  below) had been met, subsequent IT I ,  r a t i o  req u irem en t, and cue 

m an ipu la tions began.
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fettle 2

- A ll Condition Changes tty Session fo r  Each Subject

Subjects

C onditions 1145 3115 5118 6066 5172 599 2W9 2054 2055

Baseline
1/ 1 .oA" 1-10 1-10 1-10 1-4 1-3 1-4 1-9 1-9 1-6
1 /1 .0 /3 " 11 11 16 10 0 12 10 10 7
Color Cue 17 17 11 5 4 5 ------------ ------------ ------------

1 /.7 /3 " 22 22 21 15 14 17 15 15 12
3 /.7 /3 " 2? 27 26 20 19 22 20 20 17
7 /.7 /3 " 32 32 31 28 24 28 28 28 25

TI, R atio Requirement and 
ue M anipulations
Cues Reversed ------------ ------------ 49 ------------ ------------ 41 ------------ ------------ ------------

Add 5 "  ITI ------------ 50 ------------ ------------ 42 ------------ ------------ 43 ------------

Add 20" ITI A 40 ------------ ------------ 43 ------------ ________

1 /.7 /3 " 68 66 66 A 55 57 63 61 40
7 /.7 /3 " 85 92 85 77 78 80 73 71 —

1 5 /.7 /3 " 103 110 105 93 97 99 ------------ ------------ ------------

1/•7 /3" 114 127 116 109 107 113 83 81 ------------

Catch T ria ls: T est I  
f e s t  I I  
T est H I

131
132 
133

------------
131 
130
132

------------
125
123
124

------------ ------------
————

Uncued IT I's ------------ 138 ------------ 125 ------------- 125 - — — -

IT I'8 Cued ------------ ------------ ------------ ------------ ' 98 97
Both IT I's w ith Same Cue 134 ------------ 133 ------------ 126 — — — — — - — —



IT I ,  R a tio  Requirem ent, and Cue M anipu lations

The a d d i t io n  o f  20 sec IT I t r i a l s  f o r  S u b je c ts  11^5, 6066, and 

2469; the  a d d i t io n  o f 5 sec IT I t r i a l s  f o r  S u b je c ts '.3115» 5172, and 

2054; and the  r e v e r s a l  o f  cues f o r  S u b je c ts  5 H 8  and 599 c o n s t i tu te d  

th e  f i r s t  exp erim en ta l m an ipu la tions f o r  each  s u b je c t .  Subsequent 

changes f o r  the  n ine s u b je c ts  and the  i n i t i a l  change f o r  B ird  2055 

invo lved  vary ing  the  value o f  the  response  req u irem en t (see  Table 2 ) .  

S p e c i f ic a l ly ,  f o r  the s ix  pigeons w ith  cued I T I 's  (1145, 3H 5» 5H8» 

6066, 5172, and 599) the  r a t i o  req u irem en t was changed in  th e  fo llo w 

in g  o rd e r to  1, 7, 15» 1 and fo r  the  th re e  p igeons w ith  uncued I T I 's  

(2469, 2054, and 2055) i t  was changed in  th e  fo llo w in g  o rd e r  to  1 ,

7 , 1 .

S u b jec ts  114-5. 5172, and 5118 w ith  cued I T I 's ,  fo llo w in g  the  

r a t i o  requ irem en t m an ip u la tio n s , were g iv en  th re e  o n e -se s s io n  t e s t s  

in v o lv in g  "ca tch  t r i a l s "  (S teb b in s , 1970, p .  56) .  C atch t r i a l s  in 

volved fo llo w in g  the  cued IT I w ith  some s tim u lu s  change o th e r  th an  

th e  SD to  a s c e r ta in  w hether the  o n se t o f  the  S^ o r  some o th e r  v a r

ia b le  was re sp o n s ib le  f o r  the  em ission  o f  th e  f i r s t  re sp o n se . F o r ' 

T e s t I  the  IT I was follow ed by a  d a rk  k ey . C atch t r i a l s  f o r  T e s t I I  

c o n s is te d  o f  the  IT I fo llow ed by a  .05 sec  f l i c k e r  and c o n tin u a tio n  

o f  th e  cu e . T es t I I I  inc luded  c a tc h  t r i a l s  w ith  one cue fo llow ed  

by th e  o th e r  cue c o lo r  in s te a d  o f  the  S^. Catch t r i a l s  occu rred  on 

309S o f  the  60 t r i a l s  in  a  s e s s io n . Follow ing t e s t i n g  th e se  th re e
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p igeons were p laced  on a  procedure where the  cues f o r  "both IT I v a lu es  

were th e  same h u e .

S u b je c ts  2469 and 2054, fo llow ing  m an ipu la tions o f  th e  r a t i o  

req u irem en t, were exposed to  cued I T I 's .  S u b jec ts  3H5> 6066, and 

599» fo llo w in g  m anipulation, o f  the  r a t i o  requ irem en t, were exposed 

to  uncued I T I 's .

Such m an ipu la tions o c cu rred ,-fo llo w in g  a  minimum o f 10 se s s io n s  

on a  g iven  c o n d itio n , w ith  the  l a s t  f iv e  d a ta  p o in ts  showing n e i th e r  

an  in c re a s in g  no r d ecreasin g  tre n d  o r  a  tre n d  in  the  o p posite  d i r e c 

t io n  o f  th a t  expected  from the  subsequent m an ip u la tio n .

Dependent V a ria b le s

S e q u e n tia l response la te n c ie s  w ith  codes were re c o rd ed . In d i

v id u a l l a te n c ie s  were coded f o r  the  p reced ing  IT I d u ra tio n , w hether 

th e  subsequent response r a t i o  was com pleted w ith in  the  30 sec a b o r t  

l i m i t  and w hether o r n o t th a t  t r i a l  had r e s u l te d  in  re in fo rcem en t.

A la te n c y  d i s t r ib u t io n  f o r  each  IT I value was a ls o  c o l le c te d  in  semi

lo g  b in s  (M ichael, Note l ) ,  p e rm ittin g  the  com putation o f  e x tra p o la te d  

median la te n c y  which served  a s  the  prim ary dependent v a r ia b le  f o r  

t h i s  s tu d y . The sem i-log  la te n c y  d i s t r ib u t io n  began w ith  a  b in  

w idth  o f  .05 sec which when m u ltip l ie d  by a  c o n s ta n t (1 .2 ) formed 

the  n ex t b in .  The 16 rem aining b in s  were formed by m u ltip ly in g  the  

r e s u l t in g  b in  w idth  by th e  c o n s ta n t to  c re a te  the  n ex t b in  w id th , 

and so on. The d i r e c t  o b se rv a tio n  ev en t re c o rd e r  was used to
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document the  s u b je c t 's  b eh av io r in  th e  chamber. Recorded was th e  

s u b je c t 's  tim e 10 cm away from the  response key, resp o n ses  to  the  

in te l l ig e n c e  panel d u rin g  th e  IT I , re in fo rcem en t tim e, and tim e o u ts .
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RESULTS

F ig u res  2 through 10 p re se n t median la te n c y  a s  a  fu n c tio n  o f  

s e s s io n s  f o r  in d iv id u a l s u b je c ts ;  th e  two graphs w ith in  each f ig u re  

a re  d is tin g u is h e d  by th e  w ith in -se s s io n  d if f e r e n c e s  in  IT I d u ra t io n  

p reced ing  th e  s tim u lu s  p re s e n ta t io n . These median l a t e n c ie s  were 

c a lc u la te d  from th e  sem i-log  frequency  d i s t r ib u t io n s  reco rd ed  d u rin g  

each s e s s io n .

S u b je c ts  1145 and 6066 (F ig u res  2 and 3» r e s p e c t iv e ly ) ,  w ith  

cued 5  sec IT I h i s t o r i e s ,  fo llo w in g  the  in tro d u c tio n  o f  d i f f e r e n t i a l 

ly  cued 20 sec IT I t r i a l s  developed a  s e p a ra tio n  in  median la te n c ie s  

a s  a  fu n c tio n  o f  the  IT I p reced ing  the  S^. For th e se  two s u b je c ts  

th e  5  sec IT I t r i a l s  had the  s h o r te r  la te n c ie s  w hile th e  20 sec  IT I 

t r i a l s  had lo n g e r  l a te n c ie s .

For S u b jec t 2469 (F igure  4 ) ,  w ith  an  uncued 5 sec IT I h is to r y ,  

fo llo w in g  the  in tro d u c tio n  o f uncued 20 sec IT I t r i a l s  no c l e a r  sep

a r a t io n  o f  median la te n c ie s  o ccu rred ; however, 5 sec IT I l a te n c ie s  

tended  to  be s h o r te r  th an  20 sec IT I l a te n c ie s .

With th e  removal o f  cues d u rin g  th e  IT I f o r  S u b je c t 6066 and 

the  id e n t ic a l  cueing  o f  bo th  IT I v a lu es  f o r  1145, "the s e p a ra t io n  o f 

median la te n c ie s  re v e rse d  f o r  the  form er and became a t te n u a te d  f o r  

th e  l a t t e r .  T hat i s ,  f o r  B ird  6066 th e  median la te n c ie s  p receded  by 

20 sec I T I 's  became s h o r te r  th an  those  preceded by 5 sec  I T I 's ,  a s  

c o n tra s te d  w ith  the  cued IT I c o n d itio n .

18
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Figure  2 . Median s e s s io n  la te n c ie s  f o r  S u b jec t 11^5 w ith  a  cued

5  sec  IT I t r a in in g  h is to r y .  (C losed c i r c l e s  a re  median 

l a t e n c ie s  preceded by 5 sec I T I 's  w hile open c i r c l e s  a re  

median la te n c ie s  preceded by 20 sec I T I 's .  V e r t ic a l  

l i n e s  se p a ra te  d i f f e r e n t  phases o f  th e  s tu d y . The new 

c o n d itio n s  co rrespond ing  to  each phase a re  re p re se n te d  

a t  th e  to p  o f  each f i g u r e . The th re e  numbers a t  th e  top  

o f  some phases re p re s e n t ,  from to p  to  bottom , th e  r a t i o  

req u irem en t, p ro b a b i l i ty  o f  re in fo rce m e n t, and d u ra tio n  

o f  re in fo rce m e n t.)
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Figure 3• Median s e s s io n  la te n c ie s  f o r  S u b jec t 6066 w ith  a  cued 

5  sec IT I t r a in in g  h is to r y .  (C losed c i r c l e s  a re  me

d ia n  la te n c ie s  preceded by 5  sec I T I 's  w hile open 

c i r c l e s  a re  median la te n c ie s  preceded by 20 sec I T I 's .  

V e r t ic a l  l i n e s  sep a ra te  d i f f e r e n t  phases o f  the  s tu d t .  

The new c o n d itio n s  co rrespond ing  to  each phase a re  

re p re se n te d  a t  the  to p  o f  each f i g u r e . The th re e  

numbers a t  the  to p  o f  some phases re p re s e n t ,  from to p  

to  bottom , the  r a t i o  req u irem en t, p ro b a b i l i ty  o f  r e 

in fo rcem ent, and d u ra tio n  o f  re in fo rc e m e n t.)
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Figure  4-. Median s e s s io n  la te n c ie s  f o r  S u b jec t 2^69 w ith  an  uncued 

5  sec IT I t r a in in g  h is to r y .  (C losed c i r c l e s  a re  median 

la te n c ie s  preceded by 5  sec I T I 's  w hile open c i r c l e s  a re  

median la te n c ie s  preceded by 20 sec I T I 's .  V e r t ic a l  l i n e s  

se p a ra te  d i f f e r e n t  phases o f  the  s tu d y . The new cond i

t io n s  co rresp o n d in g  to  each phase a re  re p re se n te d  a t  the  

to p  o f  each f i g u r e . The th re e  numbers a t  th e  to p  o f some 

phases r e p re s e n t ,  from to p  to  bottom , the  r a t i o  r e q u ire 

ment, p r o b a b i l i ty  o f  re in fo rcem en t, and d u ra t io n  o f  

re in fo rc e m e n t. )
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With th e  in tro d u c tio n  o f  d i f f e r e n t i a l l y  cued I T I 's  f o r  S u b jec t 

2469 a  c l e a r  and s ta b le  s e p a ra tio n  in  median la te n c ie s  developed w ith  

th e  s h o r te r  la te n c ie s  preceded by 5 sec I T I 's  s im ila r  to  the  sep a ra 

t io n s  f o r  S u b je c ts  1145 and 6066 d u rin g  cued IT I c o n d itio n s .

M anipu lations o f th e  r a t i o  requ irem en t (RR) ty p ic a l ly  had no 

c l e a r  sy s tem a tic  e f f e c t  on th e  median la te n c ie s  o f th ese  th re e  sub

j e c t s  (F ig u res  2, 3, and 4 ) .  The only c le a r  e f f e c t s  were f o r  S u b jec ts  

1145 and 6066 in  which, f o r  bo th  I T I 's ,  l a te n c ie s  in c re ase d  w ith  the  

change to  a  RR o f  15 f o r  the  form er and a  t r a n s i to r y  in c re a se  in  the  

s e p a ra t io n  o f median la te n c ie s  w ith  a  RR o f 1 f o r  the  l a t t e r .

The in tro d u c tio n  o f  the  d i f f e r e n t i a l l y  cued 5 sec IT I t r i a l s  f o r  

S u b je c ts  3115 and 5172 (F ig u res  5  and 6 , r e s p e c t iv e ly ) ,  w ith  20 sec 

cued IT I h i s t o r i e s ,  r e s u l te d  in  a  slow ly develop ing , r e l a t i v e ly  sm all 

and v a r ia b le  s e p a ra tio n  in  median la te n c ie s .  For th e se  two s u b je c ts  

th e  median la te n c ie s  preceded by 5 sec I T I 's  were s h o r te r  th an  those  

preceded by 20 sec I T I 's .

However, f o r  2054 (F igure  7) ,  w ith  an  uncued 20 sec IT I h is to r y ,  

th e  in tro d u c tio n  o f  5 sec I T I 's  r e s u l te d  in  a  s e p a ra tio n  o f median 

l a t e n c ie s  w ith  s h o r te r  l a te n c ie s  preceded by 20 sec I T I 's .  The sep

a r a t io n  developed im m ediately and was s ta b le .

The rem oval o f  cues d u rin g  I T I 's  f o r  3115 and th e  id e n t ic a l  cue

in g  o f  bo th  I T I 's  f o r  5172 r e s u l te d  in  the  r e v e r s a l  o f  the  s e p a ra tio n  

in  median la te n c ie s  fo r  bo th  s u b je c ts  such th a t  the s h o r te r  median 

l a t e n c ie s  were preceded by 20 sec I T I 's .  The in tro d u c tio n  o f  cued
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F igure 5 . Median se ss io n  la te n c ie s  f o r  S u b jec t 3115 w ith  a  cued 20 

sec IT I t r a in in g  h is to r y .  (C losed c i r c l e s  a re  median l a 

te n c ie s  preceded by 5 sec I T I 's  w hile open c i r c l e s  a re  

median la te n c ie s  preceded by 20 sec I T I 's .  V e r t ic a l  l i n e s  

sep a ra te  d i f f e r e n t  phases o f  th e  s tu d y . The new c o n d itio n s  

co rresponding  to  each phase a re  re p re se n te d  a t  the  to p  o f  

each f ig u r e .  The th re e  numbers a t  the  to p  o f  some phases 

re p re s e n t ,  from to p  to  bottom , the  r a t i o  req u irem en t, prob

a b i l i t y  o f  re in fo rcem en t, and d u ra tio n  o f  re in fo rc e m e n t.)
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F igure 6 . Median se s s io n  la te n c ie s  f o r  S u b jec t 5172 w ith  a  cued 20 

sec IT I t r a in in g  h is to r y .  (C losed c i r c l e s  a re  median l a 

te n c ie s  preceded by 5  sec I T I 's  w hile open c i r c l e s  a re  

median la te n c ie s  preceded by 20 sec  I T I 's .  V e r t ic a l  l in e s  

se p a ra te  d i f f e r e n t  phases o f  the  s tu d y . The new c o n d itio n s  

co rrespond ing  to  each phase a re  re p re se n te d  a t  the  to p  o f  

each f ig u r e .  The th re e  numbers a t  the  to p  o f  some phases 

r e p re s e n t ,  from to p  to  bottom , the  r a t i o  req u irem en t, prob

a b i l i t y  o f re in fo rcem en t, and d u ra tio n  o f  re in fo rc e m e n t.)
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F igure  7 . Median s e s s io n  la te n c ie s  f o r  S u b jec t 20j& w ith  an  uncued 

20 sec  IT I t r a in in g  h is to r y .  (C losed c i r c l e s  a re  median 

la te n c ie s  preceded by 5 sec  I T I 's  w hile  open c i r c l e s  a re  

median la te n c ie s  preceded by 20 sec I T I 's .  V e r t ic a l  l in e s  

s e p a ra te  d i f f e r e n t  phases o f  th e  s tu d y . The new c o n d itio n s  

co rresp o n d in g  to  each  phase a re  re p re se n te d  a t  th e  to p  o f 

each  f ig u r e .  The th re e  numbers a t  th e  to p  o f  some phases 

re p re s e n t ,  from to p  to  bottom , the  r a t i o  req u irem en t, prob

a b i l i t y  o f  re in fo rcem en t, and d u ra tio n  o f  re in fo rc e m e n t.)
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I T I 's  f o r  20j& (F igu re  7 ) ,  s im ila r ly ,  r e s u l te d  in  the  r e v e r s a l  o f  me

d ia n  l a t e n c ie s  such th a t  th e  s h o r te r  l a te n c ie s  were preceded hy 5 sec 

I T I ’s .

M anipu lation  o f  the  RR s y s te m a tic a lly  a f fe c te d  th e  median la te n 

c ie s  f o r  S u b je c ts  3113 and 5172, b u t n o t S u b jec t 205^. For th e  form er 

two s u b je c ts  r a t i o  req u irem en ts  o f  7 and 15 were c o r re la te d  w ith  the 

l a r g e r  s e p a ra t io n s  in  the  median la te n c ie s  between IT I c o n d itio n s  

w hile  a  RR o f  1 a t te n u a te d  th e  s e p a ra tio n . A d d itio n a lly , th e  median 

l a t e n c ie s  fo llo w in g  bo th  IT I  v a lu es  f o r  S u b jec t 5172 in c re ase d  w ith  

an  in c re a se d  in  th e  RR to  7.

S u b je c ts  5118 and 599 (F ig u res  8 and 9» r e s p e c t iv e ly ) ,  w ith  5 

and 20 sec cued IT I h i s t o r i e s ,  developed s e p a ra tio n s  in  median la te n 

c i e s .  These s e p a ra t io n s , however, were h ig h ly  v a r ia b le .  For 5 H 8  

th e  s h o r te r  median la te n c ie s  were preceded by 20 sec I T I 's  when a  

c l e a r  s e p a ra tio n  was p re s e n t .  In  c o n t r a s t ,  S u b jec t 599 m ain tained  

s h o r te r  median la te n c ie s  when preceded by 5 sec I T I 's .  In  a d d it io n , 

the  r e v e r s a l  o f  cu es  c o r r e la te d  w ith  each  IT I value d id  n o t a f f e c t  

th e  d i f f e r e n t  IT I  median la t e n c ie s .

S u b jec t 2055 (F igure  1 0 ), w ith  a  5  and 20 sec uncued IT I h is to r y ,  

a l s o  developed a  s e p a ra tio n  in  median la t e n c ie s .  The s e p a ra tio n  was 

r e l a t i v e l y  sm all b u t s ta b le  w ith  the  s h o r te r  la te n c y  preceded by 5 

sec I T I 's .

The id e n t i c a l  cueing  o f  bo th  I T I 's  f o r  5118 and the  rem oval o f 

cu es  d u rin g  th e  I T I 's  f o r  599 r e s u l te d  in  th e  a t te n u a t io n  o f  th e
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Figure 8 . Median s e s s io n  la te n c ie s  f o r  S u b jec t 5118 w ith  a  cued 5

and 20 sec IT I t r a in in g  h i s to r y .  (C losed c i r c l e s  a re  medi

an  la te n c ie s  preceded by 5  sec  I T I 's  w hile open c i r c l e s  

a re  median la te n c ie s  preceded by 20 sec I T I 's .  V e r tic a l  

l i n e s  sep a ra te  d i f f e r e n t  phases o f th e  s tu d y . The new con

d i t io n s  co rrespond ing  to  each  phase a re  re p re se n te d  a t  the 

to p  o f  each f ig u r e .  The th re e  numbers a t  the  to p  o f some 

phases re p re s e n t ,  from to p  to  bottom , th e  r a t i o  r e q u ire 

ment, p ro b a b i l i ty  o f  re in fo rce m e n t, and d u ra tio n  o f 

re in fo rc e m e n t.)
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F ig u re  9- Median s e s s io n  la te n c ie s  f o r  S ub jec t 599 w ith  a  cued 5  an£l  

20 sec  IT I t r a in in g  h is to r y .  (Closed c i r c l e s  a re  median 

la te n c ie s  preceded by 5 sec I T I 's  w hile open c i r c l e s  a re  

median la te n c ie s  preceded by 20 sec I T I 's .  V e r t ic a l  l i n e s  

s e p a ra te  d i f f e r e n t  phases o f  th e  s tu d y . The new c o n d itio n s  

co rresp o n d in g  to  each phase a re  re p re se n te d  a t  th e  to p  o f  

each  f ig u r e .  The th re e  numbers a t  th e  to p  o f  some phases 

r e p re s e n t ,  from  to p  to  bottom , the  r a t i o  req u irem en t, prob

a b i l i t y  o f  re in fo rce m e n t, and d u ra tio n  o f re in fo rc e m e n t.)
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F igure  10. Median se s s io n  la te n c ie s  f o r  S ub jec t 2055 w ith  an  uncued 

5  and 20 sec IT I t r a in in g  h is to ry .  (C losed c i r c l e s  a re  

median la te n c ie s  preceded by 5 sec I T I 's  w hile open c i r 

c l e s  a re  median la te n c ie s  preceded tyr 20 sec I T I 's .  

V e r t ic a l  l i n e s  sep a ra ted  d i f f e r e n t  phases o f  the  s tu d y . 

The new c o n d itio n s  corresponding  to  each  phase a re  r e p re 

sen ted  a t  th e  to p  o f  each f ig u r e .  The th re e  numbers a t  

th e  to p  o f  some phases re p re s e n t ,  from to p  to  bottom , 

th e  r a t i o  req u irem en t, p ro b a b il i ty  o f re in fo rcem en t, and 

d u ra tio n  o f  re in fo rc e m e n t.)
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s e p a ra tio n  f o r  the  form er and the  r e v e r s a l  o f  th e  s e p a ra tio n  f o r  the  

l a t t e r .  The d ea th  o f 2055 d id  n o t perm it th e  in tro d u c tio n  o f  cued 

I T I ’s .

The m anipu lation  o f th e  RR sy s te m a tic a lly  a f f e c te d  the  median 

la te n c ie s  f o r  S u b jec ts  5118 and 599• I n i t i a l  in c re a s e s  in  th e  RR a t 

ten u a ted  the  se p a ra tio n  f o r  th ese  two s u b je c ts .  Subsequent re d u c tio n  

in  the  RR to  1 r e s u lte d  in  th e  recovery  o f  th e  s e p a ra tio n  f o r  5118 and , 

599 . F u r th e r in c re a se s  in  the  RR to  7 and 15 a g a in  a t te n u a te d  the  

s e p a ra tio n  f o r  5118; however, a t te n u a t io n  i s  l e s s  e v id e n t f o r  599 

(see  F ig u res  8 and 9 ) . For 599 the  in c re a se  in  the  RR, a d d i t io n a l ly ,  

in c reased  bo th  IT I median la te n c ie s .  With the  r e tu r n  to  a  RR o f  1 

the  se p a ra tio n  was reg a in ed  f o r  5118 and s t a b i l i z e d ,  w ith  b o th  5  sec 

and 20 sec IT I la te n c ie s  sh o rte n in g , f o r  599. M anipu lations in  RR 
value had no e f f e c t  upon 2055 ' s  l a te n c ie s .

C h a r a c te r is t ic  samples o f  w ith in -s e s s io n  e v en t re c o rd in g s  f o r  

f iv e  s u b je c ts —11^5» 5172, 5118, 2^69, and 205^—a re  p re sen te d  in  F ig

u re  11. Three sam ples, each from th re e  d i f f e r e n t  ex p erim en ta l 

c o n d itio n s , f o r  each s u b je c t a re  p re se n te d . In  a d d i t io n ,  Table 3 p re 

s e n ts  the  mean tim e spen t 10 cm from th e  response  key and th e  mean 

r a t e  o f  pecking toward th e  in te l l ig e n c e  panel f o r  each  o f  th e  sub

j e c t ' s  th re e  experim ental s e s s io n s  from which th e  sam ples (F igure  11) 

were d e riv e d . Included a re  s im ila r  m easures (T able 3 ) computed from 

the  sample d a ta  a s  an in d ic a t io n  o f the  sam ples ' r e p re s e n ta t iv e n e s s  

o f  the  e n t i r e  se s s io n . Three v a r ia b le s  were reco rd ed  in  each se s s io n :
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F igure  11: Sample w ith in - s e s s io n  e v en t re c o rd in g s  f o r  f iv e  su b je c ts  

under th re e  d i f f e r e n t  ex p erim en ta l c o n d itio n s . (The 

th re e  e v e n ts  re co rd ed  each  se s s io n  w ere: on the  f i r s t

c h an n e l, tim e 10 cm away from the  response key; on the  

c e n te r  ch an n e l, pecks tow ard the  in te l l ig e n c e  p an e l; and 

on th e  l a s t  ch an n e l, re in fo rcem en ts  and tim e o u ts . The 

occurrence  o f  each ev en t i s  in d ic a te d  tyr the  upward de

f l e c t i o n  o f  th e  pen on th e  correspond ing  channel. 

R iram eters  o f  re in fo rcem en t o f  7 / .7 /3 "  a re  re p re se n te d  by 

"A"; "B" r e p r e s e n ts  the  param eters  o f  1 / .7 /3 " .  The num

b e rs  "0", "1", and "2" in d ic a te  uncued I T I 's ,  cued I T I 's ,  

and id e n t i c a l l y  cued I T I 's ,  r e s p e c t iv e ly .)

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



Tl 1 A w a y  f r o m  K ey

41

4  Time A=7/.7/3"
—t i i  i»n r u m - iu — i_____ tut n_m i_n n r u ~ 1 ---------------------- n___ n _

u n it I_________ P e r k s ___________ 11

B=1/.7/3“
U

- 6 2J— tlll/RfmUTQ
1145 I"  gg-i  I 1=Cued ITfe 2»ldentical Cues

__________________________________«_n__i__ n________________________
m in i_________llllUIII______1___|___I________________  mum  ^

HB2
5172

■iiimmi ■iiiuini

jTruTTLarin-ru.
6 2J-----L

5118

AO

6 0

O-Uncued ITTs
mini III nil It IL1UL

2469
jl JULj i a

JUL

H i l l  I I I  H  I

jT _ n
LUL

2054

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table 3

Session Means and Sample Means fo r  Event-Becorded Sessions

Subjects 1145 5172 5118 2469 2054

Session conditions8. B1 B1 B1 A0 A0

IT I 's 5" 20" 5" 20" 5" 20" • 5" 20" 5" 20"

Session meant Time away from key 
Samplet Time away from key

0" 28" 
0" 28"

0" 18" 
0" 9"

0" 32" 
0" 26"

0" .5" 
0" 0"

28" 14" 
23" 18"

Session means Rate of pecks to  panel 
Samples Rate of pecks to  panel

*
 

o 
o 132 12 

92 9
133 0 
102 0

.5 0 

.3 0
86 26 
?2 2?

Session conditions A1 A1 A1 B0 B0

Session means Time away from key 
Samples Time away from key

0" 34" 
0" 37"

0" 16" 
0" 11"

0" 45" 
0" 48"

0" 0" 
0" 0"

0" 6" 
0" 8"

Session means Rate of pecks to  panel 
Samples Rate o f pecks to  panel

136 0 
150 0

128 30 
116 39

121 .3 
102 1

0 0 
0 0

24 33 
20 30

Session conditions B2 B2 B2 B1 B1

Session meant Time away from key 
Samples Time away from key

52" 57" 
48" 55"

0" 0" 
0" 0"

31" 32" 
23" 35"

1" 5" 
3" 6"

0" 12" 
0" 8"

Session means Rate of pecks to  panel 
Samples Rate of pecks to  panel

0 0 
0 0

0 0 
0 0

0 0 
0 0

108 23 
102 21

138 30 
144 23

Note. Time (sec/min) 10 cm away from response key) ra te  (pecks/min) towards in te lligence panel 

aA=rfmt parameters 7 /.7 /3 " l B=rfmt parameters l/ .7 /3 "»  0=uncued IT I 'bj l=cued IT I 's ;  2=same cued IT I 's
•p-
to



on th e  f i r s t  ch an n e l, th e  tim e th e  s u b je c t  was 10 cm from the  r e 

sponse key; on th e  second ch an n e l, pecks toward th e  in te l l ig e n c e  

pan el a n d /o r  toward th e  response  key d u rin g  the  IT I; and on the  

th i r d  channel, re in fo rcem en t and tim e o u t tim e s .

For B ird s  114-5, 5172, and 5118, two se s s io n s  had cued I T I 's ,  

one w ith  re in fo rcem en t p a ram eters  o f  1/ . 7/ 3 " and the  o th e r  w ith  7/ . 7/  

3 " . The th i r d  s e s s io n  f o r  th e se  th re e  s u b je c ts  had id e n t ic a l ly  cued 

I T I 's  w ith  re in fo rcem en t parameteB o f  1 / .7 /3 " *  For S u b jec ts  24-69 

and 2054-, two s e s s io n s  had uncued I T I 's ,  one w ith  re in fo rcem en t pa

ra m e te rs  o f  1 / .7 /3 "  and the  o th e r  w ith  7 /.7 /3 "*  The th i r d  se s s io n  

f o r  th e se  two s u b je c ts  had cued I T I 's  w ith  re in fo rcem en t param eters 

o f  1/  .7 /3 11 •

S u b jec ts  114-5, 5172, and 5118, w ith  cued I T I 's ,  developed spe

c i f i c  response p a t te r n s  c o r r e la te d  w ith  each IT I v a lu e . During 20 

sec I T I 's  the  th re e  s u b je c ts  sp en t tim e away from th e  response key 

which d id  n o t occur d u rin g  5 sec I T I 's .  The th re e  s u b je c ts  pecked 

toward the  in te l l ig e n c e  p a n e l, w ith  in c re a s in g  frequency  a s  time 

p assed , d u rin g  th e  5  sec I T I 's .  Only S u b je c t 5172 pecked a t  a  h igh  

r a t e  d u rin g  th e  20 sec I T I 's .  With a  change in  th e  RR from 7 to  1 

th e re  was a  c o r r e la te d  change in  the  resp o n se  p a t te r n .  For B ird s  

114-5 and 5118 tim e away from th e  key d u rin g  20 -sec I T I 's  decreased  

w hile i t  rem ained r e l a t i v e l y  unchanged f o r  5172. With the  id e n t ic a l  

cueing  o f I T I 's  f o r  114-5, 5172, and 5118, tim e away from the  key was 

s im ila r  in  bo th  I T I 's .  A d d itio n a lly , pecking  d u rin g  I T I 's  no lo n g e r
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occu rred  and tim e away from th e  key now occurred  d u rin g  5 sec I T I 's  

f o r  B ird s  114-5 and 5118.

For S u b je c ts  24-69 and 2054- two o f  the  s e s s io n s  had uncued I T I 's  

w ith  param eters  o f  re in fo rcem en t o f  l / , 7 / 3 "  f o r  one se s s io n  and 7 / 

•7/3" f o r  the  o th e r .  The th i r d  se s s io n  f o r  th ese  s u b je c ts  had cued 

I T I 's  w ith  re in fo rcem en t param eters  o f  1/.7/3"•

S u b jec t 24-69, w ith  I T I 's  uncued, developed no s te re o ty p ic  r e 

sponse p a t te r n  c o r r e la te d  w ith  each IT I  v a lu e . In  c o n t r a s t ,  2054-, 

a g a in  w ith  uncued I T I 's ,  developed s p e c i f ic  response p a t te r n s  c o r

r e la t e d  w ith  each  IT I . Moreover, w ith  the  change in  the  RR from 7 

to  1 , p e r io d s  o f  time away from the  key decreased  a s  w e ll a s  the  

r a t e  o f  pecking  d u rin g  th e  IT I  f o r  2054-. With the  in tro d u c tio n  o f 

cued I T I 's  2469 and 2054 developed s p e c i f ic  response p a t te r n s  c o r re 

la te d  w ith  each IT I .

In  reg a rd  to  th e  c a tc h  t r i a l  t e s t  se s s io n  f o r  1145, 5172, and 

5118 w ith  cued I T I 's  only  S u b jec t 5172 responded on any o f  the  c a tc h  

t r i a l s .  S u b jec t 5172 responded on two t r i a l s  d u rin g  T es t I I ,  on 

which a  .05  sec  cue f l i c k e r  and cue c o n tin u a tio n  occurred  in s te a d  o f 

th e  p re s e n ta t io n  o f  the  S^. la te n c ie s  f o r  bo th  c a tc h  t r i a l  re sp o n ses  

were over 9 sec  a s  measured f o r  th e  .05  sec  f l i c k e r .
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Response la te n c y  v a r ie d  a s  a  fu n c tio n  o f the IT I p reced ing  the  

o n se t o f  th e  S^. I n i t i a l  IT I  t r a in in g  g e n e ra lly  determ ined the  de

g ree  o f  d if f e r e n c e  "between the  la te n c ie s  preceded "by the  5 sec I T I 's  

and 20 sec  I T I 's  ( e .g . ,  s u b je c ts  w ith  the  cued 5  sec IT I h i s to r i e s  

developed th e  l a r g e s t  r e l a t i v e  s e p a ra tio n s  in  median l a t e n c ie s ) .

In  a d d i t io n ,  th e  e f f e c t s  o f  m an ipu la tions o f  the  RR were c o r r e la te d  

w ith  IT I  t r a in in g .  With changes in  the  RR f o r  s u b je c ts  w ith  cued 20 

sec and 5 and 20 sec IT I h i s to r i e s  la te n c y  se p a ra tio n s  were a t te n u 

a te d ;  t h i s  was n o t e v id e n t f o r  the  s u b je c ts  w ith  cued 5 sec IT I 

h i s t o r i e s .

The p resence  o r  absence o f  d i f f e r e n t i a l l y  cued I T I 's  ( d i f f e r e n t  

cu es  c o r r e la te d  w ith  each  IT I d u ra tio n )  a l t e r e d  the  e f f e c t  o f  the  

p reced in g  IT I on the  subsequent la te n c y  and p o ss ib ly  the  e f f e c t s  o f  

RR m a n ip u la tio n s . S u b jec t 2^ 69 , w ith  an  uncued IT I t r a in in g  h is to r y ,  

d id  n o t d evelop  a  c le a r  s e p a ra tio n  in  la te n c ie s  u n t i l  cues d u rin g  

th e  I T I 's  were in tro d u ce d . For S u b jec t 2C&5, a ls o  w ith  an  uncued 

h is to r y ,  th e  in tro d u c tio n  o f cues re v e rse d  th e  p re v io u s ly  developed 

s e p a ra t io n . For the  s u b je c ts  w ith  cued IT I h i s to r i e s ,  the  rem oval 

o f  a  d i f f e r e n t i a l  cue e i t h e r  a tte n u a te d  the  la te n c y  s e p a ra tio n  o r  

re v e rse d  i t .  A lso , m an ip u la tio n s  in  th e  RR had no e f f e c t  on th e  de

g ree  o f  s e p a ra tio n  or a b so lu te  value o f median la te n c ie s  f o r  20j& 

and 2055 w ith  uncued h i s t o r i e s .

5
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The developm ent o f  s te re o ty p ic  resp o n se  p a t te r n s  c o r re la te d  w ith  

each  IT I v a lu e  resem bles t h a t  o f te n  observed  under d i f f e r e n t i a l  r e in 

fo rcem ent o f  low r a te  (URL) sch ed u les  o f  re in fo rcem en t (Blackman & 

S cru to n , 1972; Hodos, R oss, & Brady, 1962; L a t ie s ,  W eiss, C la rk , & 

R eynolds, 1965; l a t i e s ,  W eiss, B ., & W eiss, A ., 1969; M cM illian, 1969; 

Snapper, Ramsay, & Schoenfeld , 1969) in  d e layed  match to  sample 

(Blough, 1959) and delayed  a l t e r n a t io n  sch ed u les  (H e a rs t, 1962) .

The common f a c to r  in  th e se  v a rio u s  paradigm s i s  th e  ex p erim en ta lly  

s p e c if ie d  passage o f  tim e w ith o u t th e  occurrence o f  th e  experim en ter 

s p e c if ie d  re s p o n se .

The s te r e o ty p ic  b eh av io rs  observed d u rin g  th e  passage o f  time 

a re  o f te n  th o u g h t o f  a s  c o l l a t e r a l  resp o n d in g  o r  b eh av io r "used "by 

th e  organism  a s  a  c o n tro l l in g  s tim u lu s  in  subsequen t b eh av io r"  (P er- 

s t e r  & S k in n er, 1957, p . 729) which m ed ia tes  tim e passage u n t i l  the 

moment a  con tingency  s p e c if ie d  response  w i l l  r e s u l t  in  re in fo rcem en t. 

T hat i s ,  c o l l a t e r a l  respond ing  m ed ia tes  th e  em issio n  o f  tem porally  

d i f f e r e n t i a t e d  re sp o n se s . D is ru p tio n  o f  c o l l a t e r a l  response  p a t te rn s  

h as  been dem onstrated  to  d is r u p t  tem p o ra lly  d i f f e r e n t i a t e d  resp o n ses  

(Hodos, R oss, & Brady, 1962; l a t i e s ,  W eiss, C la rk , & R eynolds, 1965; 

Snapper, Ramsay, & S choenfeld , 1969)*

The d is c r e te  t r i a l  procedure u t i l i z e d  in  t h i s  s tu d y  may be con

s id e re d  a  schedule  which d i f f e r e n t i a l l y  r e in f o r c e s  tem poral 

respond ing  ( e .g . ,  D R l). The IT I  w ith  i t s  d i f f e r e n t i a l  re in fo rcem en t 

o f  o th e r  b eh av io r con tingency  (DRO) f o r  IT I  keypeck responding
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d e f in e s  a  re in fo rcem en t contingency  sp e c ify in g  th a t  th e  f i r s t  key r e 

sponse ( i f  the  RR i s  l )  fo llow ing  a  g iven  p e rio d  o f  time (IT I 

d u ra tio n )  r e s u l t s  in  re in fo rcem en t.

The f i r s t  d i f f i c u l t y  w ith  such an  a n a ly s is  i s  acco u n tin g  f o r  

which IT I d u ra tio n  i s  fo llow ed by the  s h o r te r  la te n c ie s .  C atan ia  

(1970) u sin g  the  d i f f e r e n t i a l  re in fo rcem en t o f  long  la te n c ie s  (DRLL) 

found w ith  s h o r t  DRLL's ( e .g . ,  5 sec ) p igeons tend  to  u n d erestim ate  . 

the  passage o f  time w hile w ith  lo n g e r DRLL's ( e . g . ,  20 sec ) they  

tended to  overestim ate  tim e passag e . That i s ,  f o r  s h o r te r  DRLL's 

the  mean la te n c y  exceeded the  tem poral con tingency  w hile w ith  lo n g er 

DRLL's the  mean la te n cy  was below the  s p e c if ie d  tem poral co n tingency . 

Given such r e s u l t s ,  i t  would be expected  th a t  in  the  p re s e n t study  

th e  la te n c ie s  preceded by 5 sec I T I 's ,  i f  tem p o ra lly  c o n tro l le d ,  

would be lo n g e r than  those preceded by 20 sec I T I 's ;  th e  o p p o site  was 

ty p ic a l ,  however.

The second d i f f i c u l ty  o f  a  tem poral a n a ly s is  a r i s e s  when the  

c a tc h  t r i a l  d a ta  a re  co n sid e re d . S ince no re sp o n ses  o ccu rred  on 

c a tc h  t r i a l s  which were s im ila r  in  la te n c y  to  the  ty p ic a l  t r i a l  l a 

te n c ie s ,  the  v a r ia b le  c o n tro l l in g  th e  em ission  o f  the  key response  

was the  o n se t o f  the and n o t the  passage o f  tim e .

Another p o ss ib le  in te r p r e ta t io n  o f  th e  s te r e o ty p ic  respond ing  

d u rin g  I T I ’s  can be made in  term s o f  " sp e c ie s  s p e c i f ic  b eh av io r"  con

t r o l l e d  in  a  manner s im ila r  to  responden t b ehav io r (Rand, 1977;

Staddon & Simmelhas, 1971; S taddon, 1977). Such an  a n a ly s is  would
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s t a t e  t h a t  th e  IT I cue c o n d itio n  c o r r e la te d  w ith  d i f f e r e n t  p ro b a b il

i t i e s  o f  re in fo rcem en t e l i c i t  a p p ro p r ia te  d i f f e r e n t i a l  sp e c ie s  

s p e c i f ic  response  p a t te r n s .

T h is  a n a ly s is  in  te rm s o f sp e c ie s  s p e c if ic  response  p a t te rn s  

does n o t accoun t f o r  the  sy stem a tic  changes in  th e  response  p a t te rn  

w ith  changes in  the  RR and changes in  th e  cue c o n d itio n . The two i n  

v a lu e s  were alw ays c o r r e la te d  w ith  the  same p ro b a b i l i ty  o f  re in fo rc e 

m ent; th e re fo re ,  the  same response  p a t te r n  should  be e l i c i t e d  no 

m a tte r  what the  c o r r e la te d  cue c o n d itio n  was and th e  same p a t te rn  

should  be e l i c i t e d  f o r  a l l  s u b je c ts .  However, n e i th e r  o f  th ese  ev en ts  

was n o ted .

Perhaps a  b e t t e r  sp e c u la tiv e  a n a ly s is  may now be made in  term s 

o f  " s u p e r s t i t io u s "  b ehav io r (S k in n er, 1961). B ehavior n o t s p e c if ie d  

by a  re in fo rcem en t contingency  may become co n d itio n ed  through the  ad

v e n t i t io u s  r e l a t i o n  between th e  occurrence o f  the  response  and the  

d e l iv e ry  o f  re in fo rce m e n t. A d d itio n a lly , s u p e r s t i t io u s  b eh av io r can 

come to  be c o n tro l le d  by an  a n tec e d en t s tim u lu s  (sen so ry  s u p e r s t i t io n )  

th rough  the  a d v e n ti t io u s  re in fo rcem en t o f  the  response  in  the  presence 

o f  a  g iven  s tim u lu s  (S k in n er.. 1961).

In  .the experim en ta l p rocedure the  d e l iv e ry  o f  re in fo rcem en t f o l 

low ing the  com pletion o f  th e  RR m ight n o t on ly  s tre n g th e n  respond ing  

to  th e  key in  the  p resence o f  th e  b u t a ls o  any respond ing  p r io r  to

i t  i n  the  presence o f the  IT I c u e . S ince th e  IT I  was c o r r e la te d  w ith  

a  DRO contingency  f o r  response  key pecks, any o th e r  re sp o n ses  o ccu rrin g
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during  the  IT I  would te n d  to  he re in fo rc e d  w ith  th e  p re s e n ta t io n  o f  

the  SD, a s  c o n d itio n ed  re in fo rce m e n t, and the  d e liv e ry  o f  g ra in .

For exam ple, when cued 5  sec IT I t r i a l s  were in tro d u ced , peck s ' 

to  the  response  key d u rin g  the  IT I o ccu rred . As a  fu n c tio n  o f  the  

I T I 's  DRO co n tingency , th e  r a t e  o f pecks on the  response  key c lo s in g  

the k e y 's  m icrosw itch  d u rin g  the IT I decreased  to  the  p o in t on a  

g iven  t r i a l  t h a t  5 sec t r a n s p ire d  r e s u l t in g  in  .p re s e n ta tio n  and 

subsequent g ra in  d e l iv e ry .  Such re in fo rcem en t would a d v e n t i t io u s ly  

co n d itio n  o th e r  b eh av io r p r io r  to  o n se t ( e .g . ,  s tan d in g  n e a r  the  

in te l l ig e n c e  p an e l)  in c lu d in g  the  pecking o f  o r tow ards th e  response 

key d u rin g  th e  IT I . Such a  p a t te r n  o f  responding  was ty p ic a l  o f  

cued 5 sec I T I 's  (F igure  1 1 ) . T hat i s ,  a  h igh  r a t e  o f  pecks toward 

the  response key w ith o u t c lo s in g  the  k e y 's  m icrosw itch  and l i t t l e  

o r  no time sp en t away from the  key o ccu rred .

When cued 20 sec IT I  t r i a l s  were in tro d u ced  pecking  th e  response  

key du rin g  the  IT I a ls o  o ccu rred . L o g ic a lly , response key pecking 

c lo s in g  the  k e y 's  m icrosw itch  d u rin g  the  IT I would be weakened more 

d u rin g  the 20 sec IT I th a n  d u rin g  the  5 sec IT I, so t h a t  20 sec may 

t r a n s p ir e ,  r e s u l t in g  in  th e  p re s e n ta tio n  and g ra in  d e l iv e ry .  The 

g re a te r  e x t in c t io n  o f resp o n se  key pecking d u rin g  th e  IT I and i t s  

d is ta n c e  from re in fo rce m e n t would r e s u l t  in  the  r e l a t i v e  absence o f  

pecking tow ards th e  key d u rin g  the  20 sec IT I . The lo n g e r  IT I would 

a ls o  provide the  o p p o rtu n ity  f o r  more and v a rie d  resp o n d in g  ( e .g . ,  

s u b je c t 's  movement away from th e  in te l l ig e n c e  p an e l)  and i t s
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s u p e r s t i t io u s  c o n d itio n in g . A d d itio n a lly , w ith  co n tin u ed  exposure 

to  20 sec cued I T I 's  th e  cue a t  the  beg inn ing  o f the  IT I may fu n c

t io n  a s  an  S - f o r  response key pecking , a s  a  fu n c tio n  o f be ing  

c o r r e la te d  w ith  the  lo w est mementary p ro b a b i l i ty  o f  re in fo rc e m e n t. 

A gain, such p a t te rn s  o f  responding  were ty p ic a l  o f  cued 20 sec  I T I 's  

(F igure  1 1 ) . T hat i s ,  th e re  was a  r e l a t i v e ly  low r a te  o f  pecking  

tow ards the  response key and more time sp en t away from the  response  

key d u rin g  th e  IT I .

With r e s p e c t  to  uncued I T I 's  the  a n a ly s is  o f  the  s te r e o ty p ic  

respond ing  in  term s o f sensory  s u p e r s t i t io u s  b eh av io r i s  more com

p le x . Presum ably w ith  cued I T I 's  a  s p e c if ic  response  p a t te r n  comes 

under the  d is c r im in a tiv e  c o n tro l o f  the  cue c o r r e la te d  w ith  each  IT I 

v a lu e . D isc rim in a tiv e  c o n tro l  by d i f f e r e n t  uncued I T I 's  i s  i n i t i a l l y  

th e  same (when both  d u ra tio n s  a re  programmed). However, a f t e r  5 sec 

e i t h e r  the  SD i s  p re sen te d  o r  the  in te r v a l  c o n tin u e s . I f  the  sub

j e c t ' s  b eh av io r du rin g  th e  i n i t i a l  5 sec fu n c tio n s  a s  c o l l a t e r a l  

b ehav io r o r  a  d is c r im in a tiv e  s tim u lu s  th en  d is c r im in a tiv e  c o n tro l  o f 

s u p e r s t i t io u s  p a t te rn s  o f  responding  c o r r e la te d  w ith  th e  20 sec IT I 

i s  p o s s ib le .  Such an a n a ly s is  i s  c o n s is te n t  w ith  th e  response  p a t 

te r n s  f o r  uncued I T I 's  (F igure  1 1 ) . T hat i s ,  respond ing  d u rin g  the  

i n i t i a l  5  sec o f  e i t h e r  5 sec I T I 's  o r  20 sec  I T I 's  i s  u n d i f f e r e n t i 

a te d  and only  becomes so w ith  the  subsequent passage o f  tim e in  20 

sec I T I 's .
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With r e s p e c t  to  th e  e f f e c t s  o f  a  cued IT I t r a in in g  h is to ry  on 

s u p e r s t i t io u s  b eh av io rs  d u rin g  the IT I , t r a in in g  w ith  a  s in g le  IT I 

would ten d  to  r e s u l t  in  a  w e ll-c o n d itio n e d  IT I response  p a t te r n .  

G e n e ra lly , a s  a  fu n c tio n  o f  s tim u lu s  g e n e r a l iz a t io n  the  w e ll-c o n d i

t io n e d  IT I response  p a t te r n  would occur du rin g  th e  newly in tro d u ced  

IT I  and ten d  to  in te r f e r e  w ith  the  developm ent o f  an  e q u a lly  e f f e c 

t iv e  IT I response  p a t te rn  r e s u l t in g  in  e q u a lly  s h o r t  l a te n c ie s .  

However, s in c e  cued 5 sec  I T I 's  ten d  to  g en era te  IYI b ehav io r r e s u l t 

in g  in  th e  s u b je c t 's  p o s i t io n  c lo se  to  the  response  key a t  the  moment 

o f  o n se t, the  l ik e lih o o d  o f  s h o r te r  la te n c ie s  fo llo w in g  cued 5 sec 

I T I 's  would be g re a te r  th an  w ith  cued 20 sec I T I 's .  Such an a n a ly s is ,  

c o n s id e r in g  in te r fe re n c e  and the  ty p ic a l  5  sec IT I response  p a t te r n ,  

may acco u n t f o r  the  d if fe re n c e  in  r e l a t i v e  s e p a ra tio n s  in  median l a 

te n c ie s  between cued 5 sec  IT I t r a in e d  s u b je c ts  (11^5, 6066; F ig u res  

2 and 3) w ith  the  la rg e r  r e l a t iv e  s e p a ra tio n s  and cued 20 sec IT I 

t r a in e d  s u b je c ts  (3H5> 5172; F ig u res  5  a nd 6) w ith  th e  sm a lle r  r e l a 

t iv e  s e p a ra t io n s .

For S u b jec t 2054- (F igure  6 ) ,  w ith  uncued 20 sec IT I t r a in in g ,  

th e  in tro d u c tio n  o f  5 sec  IT I t r i a l s  la c k in g  a  cue d id  n o t g e n e ra te  

peck ing  d u rin g  5  sec I T I 's .  The la c k  o f  IT I key respond ing  may a c 

co u n t f o r  the  con tinued  r e l a t i v e  e f f e c t iv e n e s s  o f  20 sec I T I 's  

g e n e ra tin g  s h o r te r  la te n c ie s .  For 24-69 (F igure 4-) w ith  uncued 5  sec 

IT I t r a in in g ,  no s u p e r s t i t io u s  response p a t te rn  was e v id e n t . A nec

e s s a ry  c o n d itio n  f o r  the  c o n d itio n in g  of' s u p e r s t i t io u s  respond ing  i s
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th e  passage o f  s u f f i c i e n t  tim e p ro v id in g  the  o p p o rtu n ity  f o r  noncon

tin g en cy  s p e c if ie d  re sp o n ses  to  be e m itte d . A 5 sec IT I may n o t be 

o f  s u f f i c i e n t  d u ra tio n  to  p rovide the  o p p o rtu n ith  f o r  a  n o n sp ec ified  

response  to  be e m itte d .

S u b je c ts  w ith  a  cued 5 and 20 sec IT I  t r a in in g ,  by chance con

t in g e n c ie s , may have had more e f f e c t iv e  (producing  s h o r te r  la te n c ie s )  

s u p e r s t i t io u s  response p a t te r n s  a d v e n t i t io u s ly  co n d itio n ed  f o r  5  sec 

o r  20 sec I T I 's .  Such a  chance con tingency  can be id e n t i f ie d  fo r  

5118 w ith  cued I T I 's  (F igu re  8 ) .  As a  fu n c tio n  o f the  c ro s s  cue o f  

20 sec I T I 's ,  e a r ly  in  t r a in in g ,  an e f f e c t iv e  senso ry  s u p e r s t i t io u s  

p a t te rn  became c o n d itio n ed  r e l a t i v e  to  th e  d a rk  key o r  uncued 5  sec 

IT I . Mentioned e a r l i e r  was the  f a c t  t h a t  IT I respond ing  was g re a te r  

f o r  c ro s s  cued I T I 's  th an  f o r  those t h a t  were uncued. Such IT I r e 

sponding would ten d  to  r e s u l t  in  the  c o n d itio n in g  o f  a  response 

p a t te r n  s im i la r  in  e f f e c t iv e n e s s  to  t h a t  developed d u rin g  5  sec 

I T I 's .

The e f f e c t  o f  changes in  la te n c y  a s  a  fu n c tio n  o f  changes in  

the  RR may be co n sid e red  the  r e s u l t  o f  th e  a l t e r e d  re in fo rc in g  e f f e c 

t iv e n e s s  o f  th e  S^, a s  c o n d itio n e d  re in fo rc e m e n t. The a l t e r e d  

re in fo r c in g  e f f e c t iv e n e s s  o f  the  S^ and change in  the  g ra d ie n t o f  

re in fo rcem en t would d i f f e r e n t i a l l y  s tre n g th e n  component b eh av io rs  o f 

th e  IT I response  p a t te r n s  a l t e r i n g  the  s u b je c t 's  p o s i t io n  a t  the 

moment o f  o n s e t. However, such an  a n a ly s is  does n o t accoun t f o r  

the  r e l a t i v e  i n s e n s i t i v i t y  o f  s u b je c ts  w ith  uncued I T I 's  to  changes
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in  th e  RR. Perhaps ex p erim en ta l c o n d itio n s  were n o t o f  s u f f i c i e n t  

d u ra tio n  to  r e v e a l  such e f f e c t s  o r  perhaps th e  la c k  o f an e x tro c e p -  

t iv e  cue may have te e n  th e  c r i t i c a l  v a r ia b le .

Response la te n c y  on a  d i s c r e t e - t r i a l  procedure i s  p a r t i a l l y  de

term ined  by th e  IT I d u ra t io n  p reced ing  the  o n se t o f  the  SD. 

S p e c if ic a l ly ,  s u p e r s t i t io u s  response p a t te rn s  determ ine the  s u b je c t 's  

p o s i t io n  in  th e  chamber a t  the  moment o f  s tim u lu s  o n se t which a f f e c t s  

the  le n g th  o f  th e  subsequent la te n c y . S u p e rs t i t io u s  IT I response 

p a t te r n s  a re  a  fu n c tio n  o f  IT I d u ra t io n , cue c o n d itio n , t r a in in g  

h is to r y ,  and may be a f f e c te d  by changes in  th e  RR.

I f  a  change in  the  RR a f f e c t s  s u p e r s t i t io u s  IT I respond ing  then  

i t  would be expected  t h a t  m an ip u la tio n s  o f o th e r  param eters  o f  r e in 

forcem ent would have a  s im i la r  e f f e c t .  Such an  e f f e c t  may confound 

the  ex p erim en ta l r e s u l t s  o f  la te n c y  s tu d ie s  in v o lv in g  changes in  v a r

io u s  param etes o f  re in fo rce m e n t. That i s ,  the  observed change in  

la te n c y  may be a  fu n c tio n  o f  th e  c o r r e la te d  changes in  s t r e n g th  o f 

th e  f i r s t  response  and changes in  th e  IT I beh av io r de te rm in in g  the  

s u b je c t 's  chamber p o s i t io n  a t  th e  moment o f  s tim u lu s  o n se t. A S teb - 

b in s  r e a c t io n  tim e (1970) procedure would c o n tro l  th e  e f f e c t  o f  

s u b je c t  p o s i t io n  a t  the  moment o f  S^ o n se t by re q u ir in g  a  con tingency  

s p e c if ie d  fo re p e r io d  re sp o n se .

F a c to rs  f o r  f u r th e r  c o n s id e ra tio n  inc lude  th e  r e p l ic a t io n  o f  

the  s tu d e n t la b o ra to ry  experim ent which r e s u l te d  in  th e  a t te n u a t io n  

o f  th e  s e p a ra tio n  o f response  la te n c ie s  u t i l i z i n g  a  r e a c t io n  tim e
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p ro c e d u re . A lso w orth in v e s t ig a t in g  i s  the  ap p aren t in s e n s i t iv i t y  

o f  la te n c y  to  changes in  the  RR w ith  uncued I T I 's  and s u b je c ts  w ith  

5 sec IT I t r a in in g  h i s t o r i e s .  The value o f la te n c y  a s  a  r e l i a b l e  

dependent v a r ia b le  in  o p e ran t re se a rc h  i s  dependent on the  r e s o lu 

t io n  o f  co n cern s  such a s  those  p rev io u s ly  m entioned.
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