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INŒNTIVE-MOTIVATION EFFECTS IN RATS 

In tro d u c tio n

In  the H ull-Spence (Logan, 1959) m o tiva tion  m odel, in c en tiv e  

m o tiv a tio n , K, i s  assumed to  augment in s tru m e n ta l re sp o n ses . Response 

s tre n g th  is  th e re fo re  a  d i r e c t  fu n c tio n  o f  K, in  which th e  fu n c tio n  

r e l a t in g  responding  to  re in fo rcem ent is  n e g a tiv e ly  a c c e le ra te d  w ith 

in c re a s in g  amounts o f  rew ard. I t  i s  a lso  h y p o th esized  th a t  w ith non

re in fo rcem ent th e re  is  a  decrem ent in  response s t r e n g th ,  (Spence, 1956). 

The s tre n g th  o f  K depends d i r e c t ly  on th e  h y p o th e tic a l  c o n s tru c t r^ .  

A ttem pts a t  d i r e c t  measurement o f  some components o f  r  , during  in -  

stru m en ta l responding  have led  to  ambiguous r e s u l t s .  S a liv a tio n  was 

observed to  p roceed  le v e r  p re s s in g  (S h ap iro , 1961, 1962) o r to  succeed 

the  in s tru m e n ta l response (Konorski and M il le r ,  1930, K intsch and W itte , 

1962) depending içon  th e  schedule  o f  re in fo rcem en t. The m anipulation 

o f  r^  through a p p lic a t io n  o f  va rio u s  drugs have f a i l e d  to  s tç p o r t  the  

p re d ic te d  r e la t io n s h ip  (Lewis, B u tle r , and Diamond, 1958; S o lty s ik ,

1960; Wenzel, 1960; Lewis and Kent, 1961). M oreover, the  d ir e c t  

de term ina tion  o f  m ed ia tio n a l p ro p e r tie s  o f  r ^  i s  confounded by se v e ra l 

assum ptions b a s ic  to  th e  design . Shapiro  and M ille r  (1965) have p o in te d  

out t h a t  the  o rd e r o f responses may be a fu n c tio n  o f  each response 

c r i t e r io n  s e le c te d ,  i . e . ,  le v e r  p re ss  fo rce  a n d /o r s iz e  o f s a l iv a to ry  

d rops, and the  s p e c i f ic a t io n  o f  the  response o r ig in ,  i . e . ,  le v e r  p re s s
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v s . movement le ad in g  up to  th e  le v e r  p re s s .  S hap iro , M ille r ,  and Bresnahan 

(1966), d id  observe th a t  b o th  s a l iv a t io n  and non-rew arded le v e r  p re s s in g  

occurred  to  a Pavlovian t r a in e d  stim ulus t h a t  was superim posed over 

a d r l  2 min. sch ed u le . Dogs re c e iv in g  a novel s tim u lu s  a lso  le v e r  

p re ssed  to  the  superim posed s ig n a l bu t s a l iv a to ry  responses were n o t 

recorded .

O ther s tu d ie s  r e p o r t in g  evidence r e la te d  to  th e  r ^  mechanism w ith o u t 

using  d ir e c t  measurement o f  th e  c o n s tru c t a ls o  have ambiguous r e s u l t s .

A p rev io u s ly  Pavlovian t r a in e d  s tim ulus was ab le  to  in c re a se  response 

r a te  when p re sen ted  during  o p e ran t e x tin c t io n  (E s te s , 1943, 1948, Morse 

and S k inner, 1958). P refeed in g  in  the  goalbox did  n o t produce any change 

in  runway speed when compared to  a groip o f  r a t s  which rece iv ed  an equal 

amount o f non-fed  goalbox exposures (S w ift and Wike, 1958; Gonzalez and 

Diamond, 1960; S te in ,  1957). However, Senkowski, P o r te r  and Madison 

(1968) re p o rte d  a  p o s i t iv e  e f f e c t  on runn ing  speed in  the p re - fe d  g ro ip  

when the  number o f  p re fe e d in g  exposures was in c re a se d .

Bacon and B indra  (1967) ex tended E s te s ' (1948) desig n  to  th e  ru n n in g  

resp o n se , and found th a t  a CS c la s s i c a l ly  p a ire d  in  a s e p a ra te  c h an te r  

w ith  w ater as re in fo rcem en t ac ted  to  d i f f e r e n t i a l ly  in c re a se  a c q u is i t io n  

running b eh av io r as compared w ith  c o n tro l g ro tp s , when th is  cue was 

p re sen te d  in  the  s ta r tb o x . No a ttem pt was made to  reco rd  asym ptotic  

running  o r e x tin c t io n  speed . These au th o rs  ob ta ined  s im ila r  r e s u l t s  

when d rives were sw itched  from t h i r s t  to  hunger, and when an av ers iv e  

s tim u lu s , shock, was used in  th e  s ta r tb o x . TWo c o n tro l groups showed 

th e  same f a c i l i t a t i o n  in  ru n n in g  b eh av io r as the exp erim en ta l anim als 

which leaves th e  in te r p r e ta t io n  o f  the  r e s u l t s  amibiguous. The ^s a ls o  

d id  n o t have any p r io r  exposure to  the a l le y  b e fo re  th e  f i r s t  t r i a l  and 

b u zzer p re s e n ta t io n ,  and th e r e f o r e ,  no r ^  could have g e n e ra liz e d  backw ards.
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The proposed experim ent i s  an a t te n p t  to  t e s t  th e  re tro g ra d e  g e n e ra liz in g

fu n c tio n  o f  r  .
. S

The p re se n t design  i s  based  on an id e a  suggested  e a r l i e r  by E s te s  

(1948) th a t  a cue p re v io u s ly  a s so c ia te d  w ith  food sh o u ld , when p r e 

sen ted  e a r ly  in  an in s tru m e n ta l c h a in , a c t  to  f a c i l i t a t e  in s tru m e n ta l 

b e h av io r . I f  one cou ld  assume th a t  th e  2 min. in te rre sp o n se  tim e  i n  a 

d r l  2 min. schedule  i s  e q u iv a le n t to  th e  in s tru m e n ta l chain  o f  a  s t r a ig h t  

a l l e y ,  th e  r e s u l t s  o f  S h ap iro , M ille r ,  and B resnahan, (1966), may be 

taken  as su p p o rt f o r  th i s  h y p o th e s is , s in c e  co n d itio n ed  s tim u li  p re v io u s ly  

p a ire d  w ith  food in c re a se d  the  p ro b a b i l i ty  o f a  response  when p re se n te d  

e a r ly  or la te  in  th e  2 min. in te r v a l .

In  c o n tra s t  t o  p rev ious d is c r e te  t r i a l  e ^ e r im e n ts  (Senkowski,

P o r te r ,  and Madison, 1968; Bacon and B indra, 1967; S w ift and Wike, 1958; 

Gonzalez and Diamond, 1960; S te in , 1957) a sy n ç to tic  runway perform ance 

was conpared among g ro iç s  re c e iv in g  a  b u zzer in  th e  s ta r tb o x  which had 

been p a ire d  w ith  e i t h e r  (1) th e  presence  o f food (B+), (2) th e  absence 

o f food (B -), o r  (3) b o th  p resence  and absence o f food in  th e  goalbox 

(B -) . The p re d ic tio n s  would be th a t  th e  running  speeds o f  Group B+ should  

be f a c i l i t a t e d .  Group B- shou ld  be in h ib i te d  and Group B- sh o u ld  n o t change,

Method and Procedure

S ub jects

T h i r ty - s ix  male a lb in o  r a t s ,  53 days o ld  were housed two to  a  cage, 

and kep t on a  2%  h r  food d e p r iv a tio n  schedu le  w ith  a d - l ib  w a te r .

Apparatus

The wood c o n s tru c te d  runway measured 14 cm. wide and 17.5 cm. i n  

h e ig h t ,  was b la c k , and had a  30 cm. s ta r tb o x , 112.5 cm. runway, and a
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37.5 cm. goalbox. Both th e  s t a r t  and goalboxes were se p a ra te d  from th e  

main runway by b la c k  P le x ig la s  g u i l lo t in e  doors which were o p e ra ted  

manually and p reven ted  r e t r a c in g .  A th i r d  g u i l lo t in e  door was lo c a te d  

ju s t  i n  f r o n t  of a teaspoon  which serv ed  as the  food cvp. The food 

cup was p la c e d  on th e  m iddle o f  the  back w a ll o f  th e  goalbox.

Running tim es i n  th e  a l le y  were measured to  th e  n e a re s t  100th s e c . 

by th re e  S tandard  Timers o p e ra ted  by a  M icroswitch mounted on th e  

s ta r tb o x  door, and p h o to e le c tr ic  c e l l s .  The p h o to e le c tr ic  c e l l s  were 

lo ca ted  15 cm. beyond th e  s t a r t  door, 5 cm. in  f ro n t  o f and 5 cm. beyond 

th e  goalbox doo r. Two Ih v .d .c .  h igh power buzzers ware used ss  th e  

goalbox s t im u li .  Both were equated  f o r  sound le v e l and were manually 

opera ted  by push b u tto n  M icrosw itches. Depression o f  th e  M icrosw itch 

a c tiv a te d  th e  b u z ze r f o r  5 seconds. One buzzer was lo c a te d  on top  o f ,  

and ju s t  beh ind , th e  s t a r t  door, and th e  o th e r was a tta c h e d  ju s t  beh ind  

th e  delay  door. Both were mounted so th a t  a l le y  v ib ra tio n s  would be 

reduced.

Procedure

The d e p r iv a tio n  schedule  was e s ta b lis h e d  th re e  days p r io r  to  th e  

p re a c q u is it io n  p h ase  o f  th e  e x p e r im n t .

P re a c q u is it io n  phase -  On th e  fo u r th  day of d e p r iv a tio n , th e  anim als 

were h an d led  4 m in. fo r  f iv e  consecu tive  days and randomly d iv id ed  in to  

3 g ro içs  o f  12 e a c h .

A cq u is itio n  phase -  The Ss were p laced  in  th e  s ta r tb o x  w ith  t h e i r  

head fa c in g  the  g u i l lo t in e  door, and a f t e r  a  6 sec  d e lay  th e  door was 

opened. On the  f i r s t  day o f  a c q u is i t io n ,  a l l  Ss were allow ed enough 

time t o  consume a l l  th e  food p e l le t s  in  th e  food c i^ .  On subsequent days.
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a p e rio d  o f 6 sec  was allow ed for. th e  consunçtion  o f  th e  food, a f t e r  

which the S was removed from th e  goalbox and allow ed to  f in is h  h is  food

p e l l e t  in  th e  c a rry in g  cage. Each S re c e iv e d  e ig h t  t r i a l s  p e r day fo r

which th e  re in fo rcem ent on fo u r  t r i a l s  was 2, 97 mg. Noyes food p e l 

l e t s  in  the  food cup. Ss from a l l  th re e  grovçs were given 9 days o f  th e  

same a c q u is it io n  t r a in in g  on a  50% random re in fo rcem ent schedule in  th e  

goalbox. A 5 sec  de lay  was u sed  on a l l  t r i a l s .  A fte r en tered  th e  

goalbox, the  door b lock ing  access to  th e  food c ip  rem ained down f o r  

5 s e c , a f t e r  which i t  was manually r a is e d .  The only d iffe re n c e  betw een 

groups was th e  buzzer p re s e n ta tio n s ;  f o r  Group B+ th e  buzzer occurred 

on those  t r i a l s  in  which food was p re s e n t in  th e  food c i ç ,  and fo r

Groip B-, th e  b u i 'e r  sounded on those  t r i a l s  when th e  food ciq) was

en p ty , and fo r  Group B- th e  b u z ze r was randomly p re se n te d , re g a rd le ss  

o f  food p re s e n ta t io n . C onsequently, a l l  th re e  groups had th e  buzzer 

sounding only on 50% o f th e  t r i a l s .

T es tin g  phase - T est t r i a l s  were conducted in  e x a c tly  the  same manner 

as a c q u is i t io n  t r i a l s  except th a t  th ^  buzzer was sounded in  the  s ta r tb o x  

on 50% o f th e  t r i a l s  fo r  each S_ o f each g ro ip . I t  was manually a c tiv a te d  

1 sec  a f t e r  th e  S_ was p laced  in  th e  s ta r tb o x ,  and rem ained on fo r 5 sec  

a f t e r  which the  s ta r tb o x  door was opened. This could be considered  a 

m odified  p a r t i a l  e x tin c tio n  p rocedure  s in ce  th e  s t a r t  box buzzer was 

sometimes follow ed by re in fo rcem en t, sometimes i t  was not ( i . e .  a 

random 50% r e la t io n  w ith  food in  th e  goal box) .

E x tin c tio n  phase - In th e  e x t in c t io n  p h ase , th e  buzzer was p re sen te d  

in  the  s ta r tb o x  on every t r i a l ,  and a l l  re in fo rcem en t was e lim in a ted .

As in  th e  o th e r phases o f th e  experim en t, th e  b u zzer in  th e  goalbox was 

p re sen te d  on 50% o f th e  t r i a l s  and coun terbalanced  acro ss  t r i a l s .



6

R esu lts

S ta rtsp e ed  -  The mean runn ing  speed f o r  th e  s t a r t ,  a l le y  and t o t a l  

measures are p re sen te d  in  Tables 1, 2, and 3. Of prim ary  concern was 

perform ance on day 10, the  f i r s t  t e s t  day. In sp e c tio n  o f F igures 1,

2, and 3 re v e a ls  th a t  th e  h y p o thesized  perform ance f a c i l i t a t i o n  p re d ic te d  

from th e  H ull-Spence th eo ry  was no t o b ta in e d . No s ig n i f i c a n t  main or 

in te ra c t io n  e f f e c t s  were o b ta in ed  in  a re p e a te d  m easures a n a ly s is  o f  

v a rian ce  (ANOVA) . Day 18 was th e  l a s t  day o f  e x t in c t io n  t r i a l s ,  and, 

from in sp e c tio n  o f  F igure 1, th e  th re e  groups appear to  s e p a ra te .  How

e v e r , s t a t i s t i c a l  a n a ly s is  found th i s  g rap h ic  tre n d  to  be n o n -s ig n if ic a n t .

A lley Speed -  As w ith  th e  s t a r t  measure, the  a l le y  speed  a lso  d id  

n o t show the expected  changes in  running b eh av io r on th e  f i r s t  t e s t  day, 

day 10. The a n a ly s is  o f  v a rian ce  showed a  s ig n i f i c a n t  groups by days 

in te r a c t io n  e f f e c t  du ring  e x t in c t io n .  However, what was o f  concern 

were th e  main e f f e c ts  due to  groups and th e s e  d a ta  were n o n -s ig n if ic a n t .  

T h e re fo re , th e re  i s  no fu r th e r  e la b o ra tio n  on th i s  p o in t .

T o ta l Speed - The a n a ly s is  o f  v a rian ce  in d ic a te d  a  s ig n i f ic a n t  e f f e c t  

fo r  th e  g ro içs by days in te r a c t io n  during  th e  t e s t  p hase . B ut, what 

was o f  i n t e r e s t  was th e  main e f f e c t  due t o  b u zze r b e in g  on o r o f f ,  

and, th i s  e f f e c t  was n o n -s ig n if ic a n t .

D iscussion

P resen tin g  a cue in  th e  s ta r tb o x  which has p re v io u s ly  been a sso c ia te d  

w ith  re in forcem ent does n o t f a c i l i t a t e  a sy n p to tic  in s tru m e n ta l running 

b e h av io r . A lso, a  cue which h as  been p a ire d  w ith  th e  absence o f food 

does no t appear to  in h ib i t  asym ptotic  runn ing  speed when i t  i s  p re sen ted  

in  th e  s ta r tb o x . These f in d in g s  may be e x p la in ed  by one o r  more o f  th e  

fo llow ing  hypotheses: (a) th a t  th e  g e n e ra l iz a t io n  o f Rg and th e  a n t ic ip a t io n



TABLE 1

The D aily  S ta r t  Speed Group Means in  Seconds

5 6 7 8 9

A cquisition

10 11 12 13 14

Testing

Day

1 2 3* 4

Group

B+ S .00 6 .0 4  .56 .27 .46 .24 .33 .29 .29 .29 .22 .23 .37  .27 .39 .85 1.09

B- 7.80 7.68 1.31 .27  .49 .28  .31 .20 .29 .25 .23 .22 .22 .31 .69 1.30 2 .18

15 16 17 18

E xtinction

b- 6 .65 10 .57  1 .64  .28  .30 .25 .27 .21 .21 .20 .31 .21 .20 .46 .80 .64 1.28

Hie data fo r day 3 was incomplete and therefo re  not reported

Group

B+

B-

h t

3.87  

5 .24  

7.65

Standard Deviations

.10

.04

.03

.21 .32 .59 .90

.32 1.06 1 .33  2.69 

.48  .68  .95 ;82



TABLE 2

TTie D aily  A lley  Speed Group Means in  Seconds

Day

1* 2 3* 4 5 6 7 8

Group A c q u is it io n

B+

B-

bÎ

10 11 12 13 14

T e s tin g

15 16 17 18

E x tin c tio n

5 .5  1.05 .85 .66 .61 .58 .60 .69 .65 .55 .66 .72 .55 .61 1.65 1.62

6 .3 3  1.25 .67 .78 .66 .62 .61 .73 .57 .57 .60 .56 .63 .93 3.00 1.72

6 .72  .83 .66 .65 .60 .64 .58 .63 .54 .86 .58 .63 .65 .90 1.07 3.43
00

* The d a ta  f o r  days 1 and 3 were incom plete  and th e re fo re  n o t re p o r te d

S tan d ard  D ev iation

Group

B+

B-

B-

3 .93

5.47

5 .87

.04

.07

.04

.06 .11 2.18 .79

.20 .78 4.59 1.35 

.17 .42 .71 2.69



TABLE 3

The D aily T o ta l Speed Group Means in  Seconds

Day
1 2 3* 4 5 6 7

Group A c q u is itio n

B+ 14.05 13.37 

B- 22.39 20.94

8 14 15 16 17 18

E x tin c tio n

10 11 12 13

T e s tin g

2.11 1.86 1.20 .95 .95 .93 1.12 1.10 .87  1.00 1.29 .95 1.14 4 .21  5 .01

2.60 1.06 1.25 1.03 1.01 .92 1.11 .93 1.83 .92 .88 1.05 1.90 5 .18  8.07

1 .37  1.06 1.07 .95 1.05 .88  .95 .80 1.16 .91 .93 1.23 2.02 2.40 6 .04B- 19.07 20.25

*The d a ta  f o r  day 3 was incom plete and th e re fo re  n o t re p o r te d
to

S tandard  D ev iation

G roiç

8+ 6.02 .12 .31 .41 4.24 3.18

B- 10.86 .11 .51 2.32 7.39 11.97

B- 13.69 .05 .51 1.23 2.78 3.84
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o f  Rg was no t s u f f i c i e n t  t o  change b eh av io r , i . e . ,  a d d itio n a l t r i a l s  

were needed; (b) th e  Ss d is c r im in a te d  between a b u zze r s ig n a lin g  food 

in  goalbox and a  buzzer p roceed ing  th e  s t a r t  o f  a  t r i a l ;  and (c) a  

maximal le v e l o f  running  speed  had  been a t ta in e d  and th e  m o tiv a tio n a l 

e f f e c t s  o f  th e  b u zze r i n  th e  s ta r tb o x  on a l le y  speed could no t be 

dem onstrated  due to  th e  c e i l in g  e f f e c t .  Senkowski, P o r te r ,  and Madison 

(1963) re p o r te d  p o s i t iv e  r e s u l t s  w ith  60 a c q u is i t io n  t r i a l s  u s in g  th e  

d i r e c t  goalbox placem ent p rocedure  f i r s t  u sed  by S te in  (1957). The Ss 

in  th e  p re s e n t stuify re c e iv e d  72 a c q u is i t io n  t r i a l s .  I t  i s  p o s s ib le  

th a t  w ith  th e  p rocedure  o f  p re se n tin g  th e  S^ in  th e  s ta r tb o x  as d escribed  

h e re , 72 a c q u is i t io n  t r i a l s  were n o t s u f f i c i e n t  f o r  th e  backward 

g e n e ra l iz a t io n  o f  R to  th e  s ta r tb o x .  Perhaps s ig n if ic a n c e  migjit have 

been o b ta in ed  i f  more t r a in in g  t r i a l s  were employed as w ith th e  d i r e c t  

goalbox placem ent p ro ced u re . Senkowski, P o r te r ,  and Madison (1968) 

d id  no t t r a n s f e r  a  s p e c i f ic  s tim u lu s  cue to  th e  s ta r tb o x  fo r  t e s t in g .

A few ^s  in  Group B+ o f  th e  p re s e n t stutfy’ became so  a c tiv a te d  when 

th e  buzzer sounded in  th e  s ta r tb o x  th a t  t h e i r  jumping ip  and down and 

claw ing a t  th e  s ta r t - d o o r  i n t e r f e r r e d  w ith , r a th e r  th an  f a c i l i t a t e d ,  

th e  in s tru m e n ta l re sp o n se . This ex c item en t, however, was no t seen  in  

th e  o th e r  two g ro u p s . There was a ls o  some in d ic a t io n  th a t  some o f th e  

Ss were le a rn in g  th a t  th e  b u zze r meant food and was n o t a  cue to  run .

In  a number o f  s u b je c ts ,  when th e  b u zze r sounded in  th e  s ta r tb o x  and 

th e  door opened, they  d a r te d  ou t only  a couple o f  inches and appeared 

to  look around as i f  b ew ild e red . I t  seemed as i f  when th e  b u zze r sounded 

th e  s u b je c ts  ex pec ted  to  f in d  food on th e  o th e r  s id e  o f  th e  s ta r tb o x  door. 

This k in d  o f b eh av io r was a c tu a l ly  co n d itio n ed  in  th e  goalbox because 

th e  Ss were re q u ire d  to  w a it in  f r o n t  o f  th e  delay  door fo r  5 s e c . be fo re
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i t  was l i f t e d  and food was a v a i la b le .  A nother p o ss ib le  ex p lan a tio n  

fo r  lack  o f  in c re a se  in  running  speed  a s s o c ia te d  w ith  the b u zze r i s  

th a t  th e  Ss migjit have been run n in g  a t  t h e i r  p h y sio lo g ica l l i m i t ,  and 

no in c re a se  in  beh av io r was p o s s ib le  on th e  t e s t  t r i a l s .  However,

Bacon and B indra (1967) show ev idence  to  in d ic a te  th a t  when a  cue 

which has been p a ire d  w ith  re in fo rcem en t i s  p re sen ted  in  th e  s ta r tb o x  

b e fo re  a sy n ç to te , th i s  cue can a c t  to  f a c i l i t a t e  running b e h a v io r .

Because t h i s  was a n tic ip a te d  b e fo re  th e  s t a r t  o f  th e  s tudy , b o th  a 

delay  and a  p e r io d ic  re in fo rcem en t p rocedure  were used. However, i t  

is  conceivab le  th a t  th e se  e f f o r t s  were n o t s u f f ic ie n t ly  s u c c e ss fu l  in  

slow ing running speeds.

A p o s s ib le  e x p lan a tio n  f o r  no decrease  i n  running speed o f Group B- 

i s  su g g ested  by Amsel (1967). A m sel's h y p o th esis  i s  th a t under a  p a r t i a l  

re in fo rcem en t schedu le  (PRF), a  f r u s t r a t io n  e f f e c t  (FE) and i t s  m ed ia tive  

components, f r u s t r a t io n  re a c t io n  (r^ )  and i t s  feedback s t im u la tio n  ( s ^ ) ,  

a re  co n d itio n ed  to  th e  running  re sp o n se . The FE ac ts  to  in c re a s e  th e  

v ig o r  o f respond ing . I f ,  in  th e  p re s e n t stu<fy, the  B- c o n d itio n  evoked 

r^  and i t s  s tim u lu s  consequences, s ^ ,  and s ^  had been co n d itio n ed  to  th e  

approach re sp o n se , then  running in  Group B- would have been f a c i l i t a t e d  

r a th e r  than  showing a decrem ent. In  th i s  case  th e  c e il in g  e f f e c t  argument 

may a c tu a l ly  be a p p lic a b le  in  b o th  th e  B+ and B- groups.
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APPENDIX 1 

D is se r ta tio n  P rospectus

The H ull-Spence th e o re t ic a l  ^ p ro a c h  to  tw o-process le a rn in g  theory  

i s  the  m ajor concern o f  th is  p ^ e r ,  and an h i s t o r i c a l  o u tl in e  o f  the 

even ts lead ing  to  th e  in cep tio n  o f  t h i s  th eo ry  and a d iscu ss io n  o f  some 

o f  th e  recen t r e l a t e d  e n ç ir ic a l  f in d in g s  w i l l  fo llo w .

In 1930, H u ll in tro d u ced  the  n o tio n  th a t  b a s ic  to  th e  changes in 

in s tru m en ta l b e h a v io r  was th e  c la s s i c a l  c o n d itio n in g  o f  th e  goal o r  

consummatory responses to  cues throughout an in s tru m e n ta l ch a in . Inc reases  

in  the  h a b it  s tr e n g th s  o f  th e  in s tru m e n ta l response  were a sso c ia te d  w ith 

th e se  f r a c t io n a l  go a l responses. H ab it s t r e n g th  was th e re fo re ,  a d ire c t  

fu n c tio n  o f  the  c la s s i c a l  c o n d itio n in g  o f  th e  consummatory response.

L a ten t le a rn in g  s tu d ie s  (Spence and L ip p i t t ,  1940, 1946, Spence, Bergmann, 

and L ip p i t t ,  1950, K endler, 1947) d id  n o t f i t  in to  h is  model s in ce  some 

le a rn in g  had ap p a ren tly  occurred  w ith o u t th e  occu rrence  o f  th e  goal 

response (US). In  keeping w ith  th e  f l e x i b i l i t y  o f  an in te rv e n in g  v a ria b le  

th e o ry , H u ll, in  th e  e a r ly  1 9 5 0 's , adopted  S pen ce 's  n o tio n  th a t  the  

c l a s s ic a l  co n d itio n in g  o f  th e  consummatory response  was r e la te d  to  a 

m o tiv a tio n a l v a r ia b le .  This th e o r e t ic a l  v a r ia b le  was given the  nom othetic 

d e s ig n a tio n  "K", and according to  H u ll ,  e n te re d  in to  h is  equation  in a  

m u lt ip l ic a t iv e  fa sh io n  (H u ll, 1952). However, more r e c e n t ly ,  Spence (1956) 

had advanced th e  n o tio n  th a t  the th e o r e t ic a l  v a r ia b le  in c e n tiv e  m otivation  

(K) combines a d d i t iv e ly  w ith  d riv e  (D) to  produce re a c tio n  p o te n tia l  (E ) .

19
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Spence 's  m o tiv a tio n a l c o n s tru c t ,  "K", was adopted by H ull and was used

to  ex p la in  the  la te n t  le a rn in g  d a ta . The th e o r e t ic a l  mechanism used

was th a t  o f  th e  f r a c t io n a l  a n tic ip a to ry  goal re sp o n se , o f te n  ab b rev ia ted

" r^ " . S tim ulus cues in  th e  goal-box and from the  a l le y  j u s t  p receed ing

th e  goa l-box , became co nd itioned  to  the goal o r  consummatoiy resp o n se ,

"Rg", and through g e n e ra liz a tio n , cues a t  e a r l i e r  p o in ts  in  the runway

a lso  a cq u ired  th e  c ap ac ity  to  e l i c i t  p a r ts  ( r^ )  o f  "Rg". This backwards

g e n e ra liz a tio n  o f  f r a c t io n a l  components o f  th e  goal response to  a n tic ip a to ry

stim u lu s  e v e n ts , i s  o fte n  c a lle d  th e  " r  -s  " mechanism (Spence, 1956)
8 8

and p ro v id es  th e  b a s is  fo r  in c re a s in g  in c e n tiv e  m o tiva tion  "K" in  H u ll 's  

1952 r e v is io n .  H u ll 's  m otivation  theory  p re d ic ts  th a t  " r^ "  should : (1) 

vary w ith  th e  number o f  co n d itio n in g  t r i a l s  given in  the  goal-box; (2) the  

in te n s i ty  o r  v ig o r  o f  " r^ "  should  be a n e g a tiv e ly  a c c e le ra te d , ex p o n en tia l 

fu n c tio n  o f th e  number o f  these  co n d itio n in g  t r i a l s ;  and (3) i t s  s tre n g th  

a t  any p o in t  in  th e  a l le y  d is ta n t  from the  goalbox w il l  be a fu n c tio n  o f  

the  number o f  co n d itio n in g  t r i a l s .  The th eo ry  im p lies  th a t  perform ance as 

a fu n c tio n  o f  in c e n tiv e  m otivation  "K",can be m odified  by a v a r ie ty  o f  

c la s s ic a l  co n d itio n in g  m an ip u la tio n s , which in c lu d e  stim u lus and re in fo rcem ent 

changes w ith o u t regard  to  th e  response v a r ia b le s .  S tren g th  o f th e  m o tiv a tio n a l 

f a c to r  "K", t h r o u ^  changes in  s tim u lus and re in fo rcem en t co n d itio n s  may 

be m anipu lated  independently  o f  th e  le a rn in g  o f  th e  in s tru m en ta l response , 

o r h a b i t  s tre n g th  "gH^^".

Before going in to  th e  more re c e n t em p irica l evidence d i r e c t ly  r e la te d  

to  "K" o th e r  re sea rc h  w i l l  be f i r s t  reviewed. These s tu d ie s  w i l l  be 

e s s e n t i a l ly  t r e a te d  under th ree  im p lic i t  to p ic s :  (1) those  s tu d ie s  which 

dem onstrate e f f e c t s  o f  p r io r  Pavlovian t r a in in g  has on subsequent operan t 

c o n d itio n in g : (2) s tu d ie s  which d is tin g u is h  between d isc r im in a tiv e  and
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the  re in fo rc in g  p ro p e r t ie s  o f  a s tim u lu s; and (3) s tu d ie s  which attem pt 

d ire c t  m an ipu la tion  o f  b e h av io ra l and p h y s io lo g ic a l ev en ts  r e la te d  to

I I

g ■
Several experim ents have been d ir e c te d  a t  r e l a t i n g  th e  d isc r im in a tiv e  

and re in fo rc in g  p ro p e r t ie s  o f  Pavlovian tra in e d  s t im u l i .  In  E s te s ' 

o r ig in a l experim ent (E s te s , 1943), a  stim u lus p re v io u s ly  p a ire d  w ith 

food was p re se n te d  d u ring  operant le v e r  p re s s in g  e x t in c t io n . The ra te  

o f  b a r p re s s in g  was h ig h e r  in  the p resence o f th e  tone th an  in  i t s  absence 

even though b a r  p re s s in g  had never been  re in fo rc e d  in  th e  p resence  o f  the  

tone . E stes  (1948) o b ta in ed  s im ila r  r e s u l t s  even when th e  tone-food  

p a ir in g s  occu rred  p r io r  to  shaping th e  o p eran t.

Morse and S k inner (1958) obtained comparable r e s u l t s  in  an experim ent 

in  which two co n d itio n e d  s t im u li  were u sed . They t r a in e d  pigeons to  

approach a magazine fo r  food in  the p resence  o f  one c o lo r  (CS^), b u t food 

never was p re se n te d  in  th e  presence o f a c o n tra s t in g  c o lo r  (CS ) . The Ss 

behav io r was independen t o f  magazine o p e ra tio n . Follow ing key-peck 

t r a in in g ,  the  CS* and CS~ were a l te rn a te ly  p re se n te d  du ring  operan t 

e x tin c t io n . The peck ing  r a te  was h ig h e r  in  th e  p resen ce  o f  CS* than i t  

was when CS~ was p re s e n t .  S ince no c o n tro ls  f o r  e x tin c t io n  w ithou t s t ç e r -  

inçosed  co n d itio n ed  s t im u li  were p rovided , e x c ita to ry  o r in h ib i to ry  e f f e c t s  

o f  CS  ̂ and CS~ re s p e c t iv e ly  could n o t be  determ ined .

Bower and Grusec (1964) used d i f f e r e n t i a l l y  c o n d itio n a b le  s t im u l i ,

CS* and CS~, in  o p e ran t d isc rim in a tio n  t r a in in g .  C o n d ition ing  and d is 

c rim in a tiv e  t r a in in g  were s a id  to  be  c o n s is te n t when th e  s t im u li  (CS*) 

p a ire d  w ith food se rv ed  as th e  d isc r im in a tiv e  s t im u li  (S^) fo r  operan t 

rew ard, and th e  s t im u li  (CS") which had n o t been p a ire d  w ith  food was the  

stim ulus (S^ ) f o r  o p eran t nonreward. C ondition ing  and d isc r im in a tio n
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tr a in in g  were in c o n s is te n t  when CS  ̂ was an and CS was an 5^. The 

co n d itio n in g  and d is c r im in a tio n  t r a in in g  were c o n s is te n t  f o r  one gro iç  

o f  r a ts  and in c o n s is te n t  fo r  the  o th e r . R esu lts  showed t h a t  d isc r im in a tio n  

was enhanced fo r  th e  c o n s is te n t groiq) b u t was in h ib i te d  in  the  in c o n s is te n t  

g ro iç . However, no c o n tro l g ro iç  was given d isc r im in a tio n  t r a in in g  w ithou t 

p r io r  d i f f e r e n t i a l  t r a in in g ,  and, as in  th e  Morse and S k in n er (1958) 

experim ent, th e re  was no way o f  a s c e r ta in in g  w hether o r  n o t CS~ had t ru e  

d i f f e r e n t i a l  in h ib i to r y  p ro p e r t ie s .

Trapold (1966) has shown th a t  in c o n s is te n t  d i f f e r e n t i a l  co n d itio n in g  

can a c tu a lly  f a c i l i t a t e  re v e rs a l  le a rn in g  o f  a d is c r im in a tiv e  in s tru m en ta l 

re sp o n se . Pavlovian con tingencies were pow erfu l enouÿi to  a s s i s t  th e  

in s tru m en ta l d isc r im in a tio n  r e v e r s a l .

M ellgren and Ost (1969) dem onstrated  s im i la r  f a c i l i t a t i o n  e f f e c ts  

o f  p r io r  d i f f e r e n t i a l  Pavlovian d is c r im in a tiv e  t r a in in g  on in s tru m en ta l 

b eh av io r. In t h e i r  experim en t, th ese  au th o rs  r e p l ic a te d  th e  stu<fy by 

Bower and G rusec 's  (1964) and added a  th i r d  m an ipu la tion . In th i s  man

ip u la t io n ,  th e  s t im u li  were n o t p re se n t du rin g  th e  Pavlovian phase and 

thus the  US cou ld  n o t be co n tingen t içon  them. Another c o n tro l group 

was used in  which th e  cond itioned  s t im u li  (CS) p re s e n ta t io n s  were independent 

o f  the  US p re s e n ta t io n s . In t h e i r  c o n s is te n t  group the  s tim u lu s  p a ire d  

w ith  w ater re in fo rcem en t in  Pavlovian phase se rv ed  as th e  5^ in  operan t 

sh ap in g , and in  th e  rev e rsed  g ro tç , the  s tim u lu s  which had no t been p a ire d  

w ith  re in fo rcem en t was used as the fo r  op eran t t r a in in g .  T heir r e s u l t s  

showed th a t  t h e i r  c o n s is te n t technique f a c i l i t a t e d  op eran t d isc r im in a tio n , 

w hile  the  re v e rse d  procedure in te r f e r r e d  w ith  operan t d is c r im in a tio n .
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An in e v ita b le  outcome o f  th e  form er s tu d ie s  i s  th a t  CS  ̂ p re s e n ta tio n s  

a re  in  r e a l i t y  be ing  p a ire d  no t on ly  w ith  food p re s e n ta t io n s ,  b u t a lso  

w ith  magazine approach resp o n ses. In  o rd e r  to  g e t the food, th e  S must 

make an in s tru m en ta l resp o n se . T h e re fo re , th e se  s tu d ie s  l i s t e d  above 

f a i l  to  d is t in g u is h  between the  d is c r im in a tiv e  o r  re in fo rc in g  p ro p e r t ie s  

o f  th e  CS.

In a s e r ie s  o f  s tu d ie s  d ire c te d  a t  de term in ing  the r e la t io n s h ip  

between c la s s ic a l  and in s tru m e n ta l c o n d itio n in g  w ith  concu rren t measurement 

o f  an operant and re sp o n d en t, th e  te n ç o ra l o rd e r  o f  the  response in  d i f f e r e n t  

sch ed u les  o f re in fo rcem ent has some b e a r in g  on th e  Hull-Spence model o f  

m o tiv a tio n . Konorski and M ille r  (1930) t r a in e d  a dog to  l i f t  h is  paw to  

a s ig n a l in  o rd e r to  o b ta in  food. They found a  c lo se  r e la t io n s h ip  between 

paw movements and magnitude o f  c o n d itio n e d  s a l iv a t io n .  T h e ir most im

p o r ta n t  fin d in g  was th a t  the  o p e ran t c o n s is te n tly  proceeded in c re a se d  

s a l iv a r y  outflow . Wolf (1963) found s im ila r  r e s u l t s  using  a f ix e d  r a t i o  

(FR) schedule o f  re in fo rcem en t. S h ap iro  (1961) and K intsch and W itte 

(1962) show su p p o rtiv e  evidence w ith  a f ix e d  in te r v a l  (FI) schedule 

d u rin g  perform ance and e x t in c t io n .  S hap iro  showed th a t  the  occurrences 

o f  th e  two co n d itio n ed  re sp o n ses , le v e r  p re s s in g  and s a l i v a t io n ,  were 

p o s i t iv e ly  c o r re la te d . Lever p r e s s in g ,  however, was observed to  s c a llo p  

s l i g h t l y  b e fo re  the s a l iv a ry  re sp o n se . During t r a in in g ,  as opposed to  

optim al perform ance, concu rren t measurements show s a liv a ry  responses 

o c cu rrin g  a f t e r  le v e r  p re s s in g .

In c o n s is te n t w ith  th ese  f in d in g s  a re  th e  r e s u l t s  o f  Shapiro  (1962) .

He tra in e d  dogs to  o b ta in  food by p re s s in g  a p a n e l on a d i f f e r e n t i a l  

re in fo rcem en t o f  low r a te s  (DRL) sch ed u le . Using th is  sch e d u le , b u r s ts
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o f  s a l iv a t io n  re g u la r ly  p roceeded th e  o p e ra n t, w hile  the  occurrence o f  the  

operan t i t s e l f  led  to  f u r th e r  increm ents in  s a l iv a t io n .  These r e s u l t s  

in d ic a te  in co n clu siv e  evidence fo r  th e  re la t io n s h ip  between s a l iv e ry  

responses and in s tru m e n ta l b eh av io r. I t  appears as i f  the  te n ç o ra l  

sequence o f  co n d itio n ed  responses (CRs) and in s tru m en ta l b eh av io r i s  n o t 

f ix e d  b u t depends içon th e  r e la t io n s  which th e  E arranges between i n 

s trum en ta l response and re in fo rcem en t. E ll iso n  and Konorski (1964) 

dem onstrate t h i s  r a th e r  d ra m a tic a lly . T he ir dogs were t r a in e d  on a FR 

schedule to  panel p r e s s ,  the  com pletion o f  which i n i t i a t e d  an 8-second 

w a itin g  p e rio d  a t the end o f which food was d e liv e re d . T ençora lly  th e n , 

panel p re ss in g  and s a l iv a t io n  were kep t alm ost com pletely s e p a ra te ;  th e  

operan t only during  th e  FR requ irem en t and th e  respondent only  fo llow ing  

i t s  com pletion. The two do n o t re c ip ro c a te  each o th e r  and S can acq u ire  

a d isc r im in a tio n  in  th i s  experim en ta l m an ipu la tion . These s tu d ie s  show 

th a t  the respondent must n e i th e r  precede n o r c o n s is te n tly  fo llow  operan t 

b eh av io r in  o rd e r fo r  the  b eh av io r to  be m ain tained . T h ere fo re , s a l iv a t io n  

c o n s is te n tly  seems n o t to  re p re se n t e i th e r  Spence 's " r  " o r  K onorsk i's  

"a lim en tary  e x c i ta t io n " .

M ediation is  perhaps the  key p ro cess  im plied  by p o s tu la t in g  the

" r  -s  " mechanism fo r  the  e n e rg iz e r  o f  o peran t b eh av io r. Spence (1956) , g g
suggested  th a t  in s tru m en ta l b e h av io r (r^ ) was c o n tro lle d  by an in te r n a l  

s tim ulus (Sg) . Mow re r  (1947) d iscu ssed  the  concept o f  the  CR as b e in g  a 

m o tiv a tio n a l m ediation o f  in s tru m e n ta l b eh av io r. Mowrer a sc r ib e d  to  

M il le r 's  1941 n o tio n  th a t  CRs can produce d riv e  and can s tro n g ly  in f lu e n c e  

operan t b e h av io r, S pence 's  m ed ia tio n a l p rocess i s  the  a p p e ti t iv e  c o u n te r

p a r t  o f M owrer's id e a  o f em otional based  d r iv e s . Several em p irica l a ttem pts
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have been made to  d i r e c t ly  m anipulate "r^" bu t have f a i le d .  A b r i e f  

o u tlin e  o f  th e se  s tu d ie s  fo llo w s.

Lewis, B u tle r , and Diamond (1958) and Lewis and Kent (1961) a ttem pted  

to  d i r e c t ly  m anipulate " r^ "  when s a l iv a t io n  was assumed to  be an index  

o f  " r  " . D irec t c o n tro l over the  q u a n tity  o f s a l iv a t io n  d u rin g  in s tru m en ta l 

responding was achieved by in je c t in g  p ilo c a rp in e  o r  benzocane. With th is  

c o n tro l ,  however, r e s u l t s  in d ic a te d  no d ire c t  re la t io n s h ip  between q u a n tity  

o f p ilo c a rp in e  in je c te d  and in s tru m en ta l maze running  perform ance. S o lty sik  

(1960) found a gross tem poral correspondence between c a rd iac  a c c e le ra tio n  

and perform ance on a m otor response  re in fo rc e d  by food. In  th i s  s tu d y , 

th e  c a rd iac  a c c e le ra tio n  p roceeded th e  operant b eh av io r su g g estin g  th a t  

i t  may be invo lved  in  in s t ig a t in g  th a t  b ehav io r. On the o th e r  hand,

Wenzel (1960), found t h a t ,  in  c a t s ,  re se rp in e  markedly reduced the  h e a r t - 

r a te  response w ith no ap p aren t e f f e c t  upon operant b e h av io r . C ard iac 

changes do no t appear to  be n ecessary  m ediators fo r  operan t b eh av io r. 

F in a l ly ,  u sing  an o ther ty p e  o f  CR, l ic k in g . M ille r  and DeBold (1965) 

measured in t r a o r a l  l ic k in g  w hile  t h e i r  ^s were b a r  p re s s in g  fo r  in t r a o r a l  

in je c t io n s  o f  w ater. The w a te r was re inforcem ent f o r  a d isc r im in a ted  

b a r-p re s s  o p e ran t. They found th a t  l ic k in g  was more probable  ju s t  p r io r  

to  a b a r -p re s s  than a t  o th e r  tim es , b u t i t  was maximal ju s t  fo llow ing  an 

u n re in fo rced  b a r - p r e s s . I t  would appear from th ese  r e s u l t s ,  and those  

o f  Lewis e t  a l .  and W enzel, th a t  th e  autonomic response t h o u ^ t  to  be an 

in d ic a n t o f  " r^ "  does n o t vary in  any p re c ise  r e la t io n s h ip  w ith  th e  i n 

stru m en ta l response . This p a r a l l e l s  the find ings m entioned e a r l i e r  by 

Shapiro  (1961, 1962) t h a t  th e  tem poral sequence o f  CRs and operant behav ior 

i s  not f ix e d . In r e a l i t y ,  th i s  k ind  o f  evidence may n o t be damaging to

those th e o r i s t s  who a s c r ib e  to  " r  " th e o ry , fo r ,  as Spence (1956) and
. 8
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LOgan (1959) su g g es t, " r^ "  i s  an in te rv e n in g  v a riab le  and does n o t o ccu r 

anywhere w ith in  th e  organism . These t h e o r i s t  svçport th e  n o tio n  th a t  

th ese  kinds o f c o n s tru c ts  j u s t  h e lp  in  form ulating what might go on 

between the s tim u lu s  and response  in  a le a rn in g  s i tu a t io n .

Several in v e s t ig a to r s  have a ttem p ted  to  look a t  " r^"  w ith in  th e  

boundary co n d itio n s  o f  th e  H ull-Spence model and how i t  m i ^ t  a f f e c t  

in s tru m en ta l perform ance. S te in  (1957) te s t e d  the H ull-Spence n o tio n  

th a t  in s tru m en ta l reward perform ance inv o lv es  the form ation o f  two h a b i t s ,  

th e  in s tru m en ta l co n d itio n ed  response  lead in g  to  the r e in f o r c e r ,  and 

the  consummatoiy response (R^) w ith  i t s  f ra c tio n a l component (r^ ) which 

becomes c la s s ic a l ly  co n d itio n ed  to  th e  s t im u li  o f th e  in s tru m e n ta l s i t 

u a tio n . Three matched groups o f  10 anim als each were u sed . The g ro iç s  

were d iv ided  as fo llo w s; one re c e iv e d  2 p e l l e t s  per feed ing  in  th e  g o a l- 

box which was c lo se ly  s im i la r  to  the  a l le y  in  co n stru c tio n , a n o th e r group 

rece iv ed  10 p e l l e t s  p e r  feed in g , and th e  l a s t  group rece iv ed  2 p e l l e t s  b u t 

in  a  d is s im ila r  " n e u tra l"  box. The d i r e c t  feedings were acco n p lish ed  

by gently  p la c in g  the S in  th e  loaded  goalbox with i t s  head always o r ie n 

ta t e d  d ire c t ly  over the food cup. T est p e rio d s  consisted  o f  g iv in g  a l l  

th e  Ss a s in g le  t e s t  run in  th e  a l le y  under conditions th a t  were id e n t ic a l  

fo r  a l l  g ro iç s . A ll runs were re in fo rc e d  w ith  a 2 -p e l le t  food rew ard 

ex cep t the f i r s t  t e s t  t r i a l .  The perform ance jump a n t ic ip a te d  in  groups 

one and two d id  n o t m a te r ia l iz e .  Two more recen t s tu d ie s  (Sw ift and 

Wike, 1958, Gonzalez and Diamond, 1960) gave negative r e s u l t s  when a t 

tem pting to  r e p l ic a te  S te in 's  s tu d y . These a u th o r 's  suggested  th a t  

g e n e ra liz a tio n  o f "K" from goalbox to  runway ac tu a lly  may have i n t e r f e r r e d  

w ith  the p re d ic te d  r e s u l t  by cau sin g  S to  seek food in s te a d  o f  ru n n in g .
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One study using  th is  techn ique  has re p o rte d  p o s i t iv e  r e s u l t s .  Sen- 

kowski. P o r te r , and Madison (1968) te s t e d  "K" and i t s  re la t io n s h ip  to  

H u ll 's  goal g ra d ie n t h y p o th e s is . T heir two hypotheses were th a t  (1) the  

e f f e c t  o f "K" tço n  f i r s t  t r i a l  runway perform ance i s  dependent rpon the  

number o f p r io r  goalbox p lacem en ts , and th a t  (2) th e  e f f e c t s  o f  p r io r  

goalbox placem ents shou ld  be most ev id en t n ea r the  g o a l. T h e ir ^s were 

given 10 minutes o f  runway e x p lo ra tio n  th e  f i r s t  day, and 2-rew arded 

runway t r i a l s  the  second day. On the b a s is  o f  th e  mean running speed 

on Day 2, th e  Ss were randomly assigned  to  fo u r grovqps. These g ro içs  

were as follow s ; a  60 and a 10 goalbox rewarded placem ent gro ip  re s p e c t

f u l l y ,  and an equal number o f  g ro içs  which had nonrewarded goalbox p lacem ent. 

The d a ta  confirm ed th e  o r ig in a l  h y p o thesis  t h a t ,  p r i o r  rewarded goalbox 

placem ents f a c i l i t a t e  f i r s t  t r i a l  runway perform ance and le v e l support 

to  S pence 's (1956) h y p o th esis  concerning the a c tio n  o f  " r^"  vçon running 

perform ance. The e f f e c t  o f p r io r  rewarded goalbox placem ents was p ro g re s 

s iv e ly  le ss  apparen t as m easures were taken f u r th e r  from the  goa l. This

s iç p o r ts  the  n o tio n  th a t  " r  " g e n e ra liz e s  backward from the goalbox. Again,
, S

th e  evidence fo r  su p p o rt o f  " r  " theory  is  n o t ,  by a l l  means, t o t a l l y
S

p o s i t iv e .

Marx and Murphy (1961) m odified  E s te s ' o r ig in a l  (1948) paradigm and 

developed an exp erim en ta l design  p e r t in e n t  to  what i s  b e in g  d iscu ssed  in  

th is  paper. They f i r s t  gave r a t s  d isc r im in a tiv e  t r a in in g  in  a r e s t r a in in g  

box where b u zzer (CS^) was p a ire d  w ith  food, and th e  c o n tro l group had 

food p e l le t s  p re se n te d  s e p a ra te ly  from the  b u zze r. Then the ^s were given 

10 runway t r a in in g  t r i a l s  on each o f  two days. Follow ing t h i s ,  t h e i r  r a t s  

were given massed e x t in c t io n  t r i a l s  and run to  a  c r i t e r io n  o f  two su cc e ss 

fu l  t r i a l s  on which the  goalbox was n o t reached w ith in  90 seconds. The
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c r i t i c a l  (CS^) was in tro d u ced  on t r i a l  16 o f e x t in c t io n  and p re sen te d  

every f i f t h  t r i a l  th e r e a f te r .  A fiv e  second b u zzer was sounded ju s t  a f t e r  

the  S was p laced  in  th e  s ta r tb o x  and the  s ta r td o o r  was r a i s e d  when the 

stopped. The r e s u l t s  shew th a t  when CS  ̂ was p re s e n te d  in  th e  s ta r tb o x , 

i t  had a f a c i l i t a t i n g  e f f e c t  on in s tru m e n ta l runn ing  in  t h a t  i t  in c re a se d  

re s is ta n c e  to  e x t in c t io n  fo r  th e  experim en tal groiqj. Marx and Murphy 

a t t r ib u te  th e se  r e s u l t s  to th e  en e rg iz in g  p ro p e r t ie s  o f  a secondary - 

re in fo rc in g  s tim u lu s  and th e i r  r e s u l ts  lend  su p p o rt f o r  " I’g" th eo ry .

The ro le  o f  th e  CS^ was c le a r ly  seen as a  m o tiv a to r o r  e n e rg iz e r  in  th a t  

i t  had a c le a r ly  f a c i l i t a t i n g  e f f e c t  on th e  s t a r t i n g  speeds o f  the  ex

perim en ta l grotç).

A s tu d y , u s in g  an ad ap ta tio n  o f th e  Marx and Murphy d e s ig n , and 

p e r t in e n t  to  th e  p re s e n t  s tu d y , i s  th a t  o f  Bacon and B indra (1967).

These au tho rs  t r i e d  to  determ ine the  e f f e c t s  th a t  a  CS p a ire d  w ith  w ater 

as th e  re in fo rcem en t in  a s e p a ra te  co n d itio n in g  chamber mig)it have on 

the a c q u is i t io n  o f  an in s tru m e n ta l running  re sp o n se . They p re se n te d  

the CS*, a b u z ze r, in  th e  s ta r tb o x  beg inn ing  w ith  th e  very f i r s t  ac 

q u is i t io n  t r i a l .  Using th is  p ro ced u re , they  were a b le  to  dem onstrate a 

f a c i l i t a t i o n  in  s t a r t  and running  time f o r  t h e i r  CS* g ro tp . S im ila r  

e f fe c ts  were shown when the d riv e  a s so c ia te d  w ith  t h i r s t  was sw itched  

to  an o th er d riv e -re in fo rce m e n t com bination, namely h u n g er-fo o d , and when 

av ersiv e  s t im u la t io n ,  i . e . ,  shock was used in  th e  s ta r tb o x .  However, t h e i r  

r e s u l ts  a re  somewhat ambiguous in  th a t  two c o n tro l groups, one given w ater 

only in  th e  P av lov ian  phase , and one in  which th e  b u z ze r was n ev er sounded 

in  th e  s ta r tb o x  even though th ey  had b u zze r-w a te r p a ir in g s  in  th e  c la s s ic a l  

co n d itio n in g  chamber, showed a  decrease in  running  b e h av io r a long w ith  the 

experim ental group. This leads to  th e  assu n p tio n  t h a t  the  d if fe re n c e  in  running
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behav io r seen  by Bacon and B indra was not due s o le ly  to  th e  in c e n tiv e  

m o tiv a tio n a l e f f e c t  o f  the  CS p e r  s e . The in v e s t ig a t io n s  su g g es t th a t  

f a c i l i t a t i o n  might be due to  th e  whole complex o f  s i t u a t io n a l  cues con

n ec ted  w ith  the  d a ily  experim ental p rocedure . However, th e se  experim enters 

p re se n t a d i f f e r e n t  t e s t  o f  th e  m ed ia tional approach to  in c en tiv e -rao tiv a tio n  

hyp o th esized  by H ull-S pence, than  what w i l l  be proposed h e re , because 

t h e i r  ^s  d id  n o t have any a l le y  t r a in in g  p r i o r  to  t h e i r  f i r s t  exposure 

to  the  a l le y  and b u zze r. T h ere fo re , what was observed was n o t th e  g en e ra l

iz a t io n  o f  r  -s  backward from the goalbox, b u t the e f f e c t  th a t  a  CS  ̂ can 
g g

have on in s tru m e n ta l running  b e h av io r , b e fo re  asym tote i s  reached .

As was m entioned e a r l i e r ,  and shown by Marx and Murphy, (1961), 

and Bacon and B indra , (1950), one im p lic a tio n  o f  th e  H ull-Spence theory  

o f  in c e n tiv e  m o tiv a tio n  i s  th a t  secondary re in fo rc e r s  a s s o c ia te d  w ith the 

consummatory response may be m anipulated  and used as secondary m otivations 

independen tly  o f  H u ll 's  th e o r e t ic a l  le a rn in g  v a r ia b le  "gH^".

The purpose o f  the  p re s e n t experim ent i s  to  s tu d y  in  c lo s e r  d e ta i l  

some a sp e c ts  o f  th e  H ull-Spence th eo ry  o f  in c e n tiv e  m o tiv a tio n . As was 

m entioned p re v io u s ly , the  theory  p re se n ts  th e  n o tio n  th a t  n e u t r a l  cues 

a ss o c ia te d  w ith  th e  consummatory response become c l a s s i c a l ly  co n d itio n ed . 

These c l a s s i c a l l y  co n d itio n ed  s tim u li can then  a c t to  en erg ize  o r  m otivate 

subsequent in s tru m e n ta l b e h av io r. A lso, accord ing  to  th e  th e o ry , th e

" r  -s  "  mechanism which u n d e r lie s  in c e n tiv e  m o tiv a tio n  shou ld  cause p e r -
. 8 . g

formance v a rian ce  in  accord  w ith  th e  magnitude o r v ig o r  w ith  which s a id  

mechanism o ccu rs . Spence, 1956, no ted  th a t  v a r ia t io n s  in  th e  in te n s i ty  

o f "Sg" p ro v id e  an in te r n a l  dynamism ak in  to  H u ll 's  n o tio n  o f  s tim u lu s  

in te n s i ty  dynamism (V) r e s u l t in g  from d i f f e r e n t  i n t e n s i t i e s  o f  b o th  e x te rn a l 

and in te r n a l  s t im u l i .  Both H ull and Spence a lso  c a l l  fo r  a d ecreasin g
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g ra d ie n t o f  perform ance when any s h i f t  i s  made from cues under which the 

h a b it  was f i r s t  e s ta b l is h e d . T herefo re , th e  s t r e n g th  o f  in s trum en ta l 

responding in  a s t r a i g h t  a l le y  maze any d is ta n c e  from the  goal box w il l  

be a fu n c tio n  o f  th e  s im i la r i ty  o f th e  in te r n a l  and environm ental cues a t  

th a t  p o in t and th e  cues then e x is ta n t  in  th e  goal box.

The su b je c ts  w i l l  be  n a iv e , male a lb in o  r a t s .  The apparatus to  be 

used i s  a sim ple s t r a i g h t  a l le y  maze w ith  th re e  g u i l lo t in e  doors: one 

between th e  s ta r tb o x  and the a l l e y ,  th e  second , between the a lle y  and 

th e  goalbox, and th e  l a s t  j u s t  in  f r o n t  o f  th e  food c iç .  The f i r s t  two 

doors w i l l  be used to  p rev en t r e tr a c in g  by th e  ^s and th e  l a s t  w i l l  be 

used in  o rd e r to  d e lay  th e  re in fo rcem ent p rocedure  which i t  i s  hoped 

w i l l  decrease a s y n p to t ic  running speed (Mike, M ellgren , and Wike, 1968).

The w i l l  be g e n e ra te d  by two b u z ze rs , one j u s t  in  f ro n t  o f  the  door 

lead in g  o u t o f  th e  s ta r tb o x , and one j u s t  in  f r o n t  o f th e  delay door.

Three days p r io r  to  th e  t r a in in g  p h ase , a 23-hour food d ep riv a tio n  

schedule w ith  a d - l ib  w a ter w i l l  be e s ta b l is h e d . During the p re tra in in g  

p h a se ,th e  animals w i l l  be shaped on a p a r t i a l  re in fo rcem en t schedule 

to  run the  a l le y  to  the  goalbox fo r  food rew ard o f  2 - 97 mgm. Noyes 

food p e l l e t s  which i t  i s  hoped w il l  m ain ta in  a moderate running speed.

I t  i s  a n t ic ip a te d  th a t  th is  moderate speed would allow  fo r  both  in c reases  

in  running  b eh av io r as determ ined by the  ex p erim en ta l m anipulation during  

the t e s t  phase . The ^s w i l l  be d iv id ed  in to  th re e  g ro tp s , two experim en tal 

and one c o n tro l . The p o s i t iv e  group, g ro ip  B+, w i l l  always have the 

p re s e n ta tio n  o f  food matched w ith b u zzer in  th e  goalbox. Groip B-, th e  

n eg a tiv e  group, w i l l  have b u zzer p re s e n ta tio n s  a s so c ia te d  w ith non- 

re in fo rcem en t. In  group B+, th e  S^, b u z ze r, sh o u ld  s ig n a l food, w hile 

in  group B-, th e  b u z ze r should  s ig n a l  no food. The co n tro l group, gro ip  B-,
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w ill  have the bu zzer and food p re se n te d  in  the  goalbox in  a random 

unpaired  sequence so  th a t  no contingency  w i l l  develop between them 

(R esco rla , 1967).

The f i r s t  runn ing  t r i a l  a f t e r  th e  d isc r im in a tiv e  cue has b een  

p re sen ted  in  the s t a r t  box shou ld  y ie ld  th e  d a ta  o f  the  g re a te s t  i n t e r e s t ,  

fo r  i t  should r e f l e c t  the runn ing  e n e rg ize d  s o le ly  by th e  m otivating 

e f f e c t s  o f th e  d is c r im in a tiv e  s tim u lu s . Subsequent t r i a l s  m iÿit b e  

contam inated because th ese  would be confounded w ith  re in fo rced  running 

p lu s th e  m o tiv a tio n a l e f f e c t s .  T h e re fo re , th e  dependent v a ria b le s  w ill  

be speed of runn ing , perhaps in  th e  f i r s t  t h i r d  o f  th e  a lle y , an d /o r 

la ten cy  o f  responding . As one migjit p r e d ic t  from the  Hull-Spence theory  

o f  in c en tiv e  m o tiv a tio n , runn ing  perform ance fo r  the  g ro tçs  in which 

the  d isc r im in a tiv e  cue was p re s e n te d  shou ld  be b e t t e r  than  a c o n tro l 

group in  which no contingency between th e  cue p re sen te d  in  the s t a r t 

box and re in forcem ent has been e s ta b l is h e d .

The p re sen t design  p re s c r ib e s  t h a t  th e  S^ w il l  be p resen ted  in  th e  

s ta r tb o x  a t  a tim e when th e re  w i l l  be a minimum o f competing responses 

to  in te r f e r e  w ith the  m o tiv a tin g  e f f e c t s  o f  the  cue p resen ted  in  the 

s ta r tb o x . I t  i s  hoped th a t  w ith  th i s  p ro ced u re , an o th er f r u i t f u l  way 

o f d is tin g u ish in g  betw een, and lo o k in g  a t  secondary re in fo rc in g  and 

m otivating  s tim u li i s  suggested .
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APPENDIX 11



TABLE 1

Summary o f  the  Two-Way A nalysis o f V ariance 

fo r  th e  S ta r t  Speed A cq u is itio n  T r ia ls

d f MS F

Groiçs (A) 2 31.47 NS

Days (B) 1 113.58 65.84*

AxB 2 32.02 NS

S/A 33 16.75

BXSib 33 16.91

T otal 71

*p. < .01

39



40

TABLE 2

Stnnmary o f  th e  Three-Way A nalysis o f  

V ariance fo r  th e  S ta r t  Speed T est T r ia ls

d f MS F

Groiçs (A) 2 ,08 NS

S tim u li (B) 1 .04 NS

Days (C) 4 .02 NS

AXB 2 .02 NS

AXC 8 .07 NS

BXC 4 .05 NS

AXBXC 8 .07 NS

Error-B 66 .08

C-Subj 264 .06

T o ta l 359
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TABLE 3

Summary o f  the Two-Way A nalysis  o f  V ariance 

fo r  th e  S ta r t  Speed E x tin c tio n  Data

d f MS F

Groups (A) 2 2.75 NS

Days (B) 3 9 .0 3 12.61*

AXB 6 1.12 NS

S/A 33 2.46

BXSub 66 .72

T otal 143

*p. < .01
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TABLE 4

Summary o f th e  Two-Way A nalysis o f  V ariance 

fo r  the  A lley  Speed A cq u is itio n  T r ia ls

d f MS F

Grovçs (A) 2 6.43 NS

Days CB) 1 513.37 38.52*

AXB 2 6.59 NS

S/A 33 13.29

BxSub 33 13.33

T otal 71

*p. < .01
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TABLE 5

Summary o f  th e  Three-Way A nalysis o f V ariance 

fo r  th e  A lley  Speed T est T r ia ls

df MS F

Groups (A) 2 .09 NS

S tim u li (B) 1 .00 NS

Days (C) 4 .10 NS

AXB 2 .01 NS

AXC 8 .24 NS

BXC 4 .11 NS

AXBXC 8 .11 NS

Error-B 66 .18

C-Subj 264 .13

T o ta l 359
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TABLE 6

Summary o f  th e  Two-Way A nalysis o f  V ariance 

fo r  th e  A lley Speed E x tin c tio n  Data

d f MS F

G roiçs (A) 2 2.70 NS

Days (B) 3 22.67 9.01*

AXB 6 6.41 2.55**

S/A 33 4.71

BXSub 99 2.52

T o ta l 143

*p. < .01
**p. < .05
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TABLE 7

Stunmaiy o f  th e  Two-Way A nalysis o f  V ariance 

fo r  th e  T otal Speed A cq u is itio n  T r ia ls

d f MS F

G roiçs (A) 2 70,82 NS

Days (B) 1 4676.69 62.06*

AXB 2 72.96 NS

S/A 33 56.78

BXSii) 33 56.99

T o tal 71

*p. < .01
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TABLE 8

Simunary o f  th e  Three-Way A nalysis o f  Variance 

fo r  th e  T o ta l Speed Test T r ia ls

d f MS F

Groiçs (A) 2 .49 NS

S tim u li (B) 1 .12 NS

Days (C) 4 .19 NS

AXB 2 .02 NS

AXC 8 .63 1.98*

BXC 4 .45 NS

AXBXC 8 .54 NS

E rror-B 66 .47

C-Subj 264 .32

T o ta l 359

*p. < .05
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TABLE 9

Summary o f th e  Two-Way A nalysis o f  Variance 

f o r  th e  T o ta l Speed E x tin c tio n  Data

d f MS F

Groups CA) 2 22.32 NS

Days (B) 3 208.76 15.54*

AXB 6 11.28 NS

S/A 33 45.10

BXSub 99 13.43

T o ta l 143

*p. < .01



TABLE 10

The D aily  S ta r t  Speed Group Means in  Seconds
Day
1 2 3* 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Groiç A cq u is itio n T estin g E x tin c tio n

B+ 5.00 6 .04 .56 .27 .46 .24 .31 .29 .29 .29 .22 .23 .37 .27 .39 .85 1.09

B- 7.80 7.68 1.31 .27 .49 .28 .31 .20 .29 .25 .23 .22 .22 .31 .69 1.30 2 .18

BÎ 6.65 10.57 1.64 .28 .30 .25 .27 .21 .21 .20 .31 .21 .20 .46 .80 .64 1.28

* The d a ta  fo r  day 3 was incom plete and th e re fo re  n o t re p o r te d

Standard Deviations

Groiç

B+

B-

BÎ

3.87

5 .24

7.65

.10

.04

.03

.21 .32 .59 .90

.32 1.06 1.33 2 .69 

.48 .68 .95 .82

00



TABLE 11

The D aily  A lley  Speed Group Means in  Seconds

Day 1* 
Groiq)

B+

B-

B^-

3* 4 5 6 7 8
A c q u is itio n

15 16 17 18
E x tin c tio n

10 11 12 13 14
T e s tin g

5 .5  1.05 .85 .66 .61 .58 .60 .69 .65 .55 .66 .72 .55 .61 1.65 1.62

6 .3 3  1.25 .67  .78 .66 .62 .61 .73 .57  .57  .60 .56 .63  .93  3.00 1.72

6 .72  .83 .66 .65 .60 .64  .58  .63  .54 .86 .58 .63 .65 .90 1.07 3.43

*% e d a ta  f o r  days 1 and 3 were incom plete and th e re fo re  n o t re p o r te d

S tandard  D eviation

Groiç

B+

B-

3 .93

5 .4 7

5 .87

.04

.07

.04

.06 .11 2 .18  .79

.20 .78  4.59 1.35 

.17  .42 .71 2.69



TABLE 12

Hie D aily  T o ta l Speed G rotç Means in  Seconds

Day
3* 4 5 6 7

A c q u i s i t i o n

S 10 11 12 13

T e s t i n g

14 IS 16 17 18

E x t i n c t i o n
Group

B+ 14.05 13.37 2 .11 1.86 1.20 .95 .95 .9 3 1.12 1.10 .87  1.00 1.29 .95 1.14 4.21 5 .01

B- 22.39 20 .9 4 2 .60 1.06 1.25 1 .03 1.01 .92 1.11 .93 1 .83  .92 .88 1.05 1.90 5 .1 8 8 .07

BÎ 19.07 20.25 1.37 1.06 1 .07  .95 1.05 .88 .95 ,80 1 .16  .91  .93 1.23 2.02 2 .40 6 .0 4

* Hie d a ta  f o r  day 3 was incom plete  and th e re fo re  n o t re p o r te d .

tn
o

Groiç)

B+

h b -

BÎ

6 .02

10.86

13.69

S tandard  D eviation

.12

.11

.05

.31 .41  4 .2 4  3 .18

.51 2.32 7.39 11.97 

.51 1 .23  2 . 7 8  3 .84
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TABLE 13

The S ta r t  Speed Test T r ia ls  Group Means and S tandard  D eviations 

D ivided in to  Buzzer-On and B uzzer-O ff C ategories

Day 10 11 12 13 14

Groiq)

B+

Buzzer-On .31^.22 .3 3 -.3 6  .2 2 - ,0 7  .2 1 -.0 5  .20^ .03

Buzzer-O ff .28^.25 .2 5 -.1 8  .2 1 - .0 8  .2 4 -.1 5  .53 -1 .15

B-

Buzzer-On .2 2 Î.1 2  .2 4 -.1 2  .2 9 -.2 7  .22^ .08  . 2 l t  .08

Buzzer-O ff .3 5 -.3 6  .25^.15 .19^ .04  .21^.05 .22^ .05

BÎ

Buzzer-On .20^.07  ,21^.03  .2 8 -.2 0  .21^.05 . 2 l t  .03

Buzzer-O ff .2 1 -.0 6  .20^.02 .3 4 -.3 4  .2 1 -.0 8  .20^ .04
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TABLE 14

TTie A lley  Speed T est T r ia ls  Group Means and S tan d ard  D eviations 

D ivided In to  Buzzer-On and B uzzer-O ff C ategories

10 11 12 13 14

Group

B+

Buzzer-On .7 6 -.5 2  .7 3 - .6 3  .5 4 -.0 5  .7 0 - .5 9  .5 4 - .06

B uzzer-O ff .62^ .11  .5 6 -.0 4  .55^.04  .6 2 - .2 4  .91^1.16

B-

Buzzer-On .7 6 -.5 5  .55—.04  .5 6 -.1 2  .5 4 - .OS .54 - .05

B uzzer-O ff .6 7 -.2 2  .5 8 -.0 6  .5 7 -.0 6  .6 4 -.1 9  .58 - .05

B-

Buzzer-On .6 6 -.4 0  .5 3 - ,0 4  .8 3 - .5 4  .5 9 - .2 5  .66 - .40

B uzzer-O ff .59^ .06  .5 5 - .0 4  .8 9 -.8 1  .5 6 -.0 5  .59- .15
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TABLE IS

The T o ta l Speed Test T r ia l  Group Means and S tandard  D eviations 

D ivided In to  Buzzer-On and Buzzer-0££ C atego ries

10 11 12 13 14Day 

Group 

B+

Buzzer-On 1 .2 3 Î.6 7  1 .28^1.28 .87 - .10 1 .0 2 -.6 1  .84- .09

Buzzer-0££ l .O l î .2 8  .92^ .21 .87- .12 .9 7 -.4 0  1 .73-2 .17

B-

Buzzer-On 1 .08^.57  .90^ .12 .95^ .43 .86^ .14  .85- .13

Buzzer-0££ 1 .1 4 -.5 2  .96^ .22 .9 0 t .15 .9 7 - .2 4  .91- .10

Bt

Buzzer-On .97^.39 . 83Î .05 1 .16 - .60 .94^.45  . 96- .44

Buzzer-0££ .92^.12 .83^ .06 1 .37^1.04  .88^.22  .89- .20



APPENDIX 111
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Fig . 1. Graph of th e  d a lly  s t a r t  speed  group means fo r  

the  two ex p erim en ta l (Group'. B+. and Bn) and the  c o n tro l (Groiç BÎ) 

group.
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F ig . 2 . Graph o f  th e  d a lly  a lle y  speed group means fo r  
th e  two ex p erim en ta l (Group B+ and B-) and the  c o n tro l (G roiç B-) 

group.
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F ig . 3. Graph of th e  d a ily  t o t a l  sp eed  means fo r  th e  

two ex p erim en ta l (Group B+ and B-) and th e  c o n tro l (Grotp B-) 

group.
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F ig . 4. Graph of the s t a r t  speed t e s t  d a ta  d iv ided  In to  buzzer-on 
and b u z z e r-o f f  groiq>s.
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F ig . 5 . Graph of th e  a l le y  speed t e s t  d a ta  d iv ided  
in to  b u zzer-o n  and b u z ze r-o ff  groups.
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F ig . 6. Graph of th e  t o t a l  speed t e s t  d a ta  d iv id e d  

in to  buzzer-on and b u z z e r-o f f  groups.


