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CHAPTER I

INTRODUCTION AND STATEMENT OF PROBLEM

In  o rd er f o r  p sy c h o lo g is ts  to  a s c e r ta in  g en e ra l p r in c ip le s  o f 

behav io r t h a t  may be o p e ra tin g  ac ro ss  sp ec ie s  n o t only  must a number o f 

d i f f e r e n t  sp ec ies  b e -c a re fu l ly  analyzed b u t th e  b ehav io r o f  each sp ec ies  

must be understood . R atner (1969) o u tl in e s  s ix  s tag e s  o f th e  compara

t iv e  method th a t  i s  aimed a t  th e  d iscovery  o f th e se  g en era l mechanisms 

of b eh av io r. He suggested c l a s s i f i c a t io n  o f behav io rs  and i d e n t i f i c a 

t io n  o f v a r ia b le s  w ith in  each c la s s  p r io r  to  th e  id e n t i f i c a t i o n  o f 

g en era l mechanisms. T h is  can on ly  be accom plished th rough ex ten siv e  

a n a ly s is  o f  as many sp ec ie s  as p o s s ib le .  P rev ious a ttem p ts  to  e x tr a c t  

th ese  g e n e r a l i t ie s  have had dubious r e s u l t s  (B itterm an , 1969; Kimble,

1961) due to  a  p a u c ity  o f in fo rm atio n  about th e  b eh av io r o f th e  sp ec ies  

s tu d ie d . One such sp ec ie s  used as th e  model o f  b ehav io r by psycholo

g i s t s  i s  th e  la b o ra to ry  r a t ,  R a ttu s  n o rv eg icu s . The e x ten s iv e  use o f 

t h i s  sp ec ie s  has been c r i t i c i z e d  by Lockhard (1968) and D riv er and 

Corning (1968) who contend among o th e r  th in g s  t h a t  th e  p sy c h o lo g is t 

f a i l s  to  co n sid e r th e  sen so ry  p re d is p o s it io n s  o f  th e  r a t .  They r e 

p o rte d  th a t  most s tu d ie s  which a re  exam inations o f  v a rio u s  th e o r e t ic a l  

p o s it io n s  employ s i tu a t io n s  in  which r a t s  a re  re q u ire d  to  le a rn  v is u a l  

d isc r im in a tio n s  (Kimble, 1961; Lovejoy, 1968). S ince  p sy ch o lo g is ts  

have in v e s t ig a te d  th e  le a rn in g  a b i l i t y  o f th e  la b o ra to ry  r a t  w ith the 

use o f v is u a l  cu es , t h i s  in fo rm atio n  must be considered  o n ly  in  r e l a 

t io n  to  th e  evolved v is u a l  c a p a c ity  o f  th ese  ro d e n ts .
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R eports on -wild r a t s  by Hediger (1950) and B a rn e tt (1963) in d ic a te d  

th a t  th e  p a re n t s tock  o f th e  la b o ra to ry  r a t  was n o c tu rn a l o r c rep u scu la r 

and depended to  a la rg e  e x te n t on o lfa c to ry  s tim u li f o r  o r ie n ta tio n ,  

m aintenance and s o c ia l  b eh av io r . Experim ental work on th e  la b o ra to ry  

r a t ' s  use o f o lf a c t io n  has in d ic a te d  th a t  r a t s  can make very  su b tle  

d isc r im in a tio n s  between d i f f e r e n t  in d iv id u a ls  o f th e  same s t r a in  (V alen ta  

and Rigby, 1968). Marr and Gardner (1965) re p o rte d  th a t  e a r ly  o lfa c to ry  

experience in  r a t s  i s  an im portan t v a r ia b le  in  th e  es tab lish m en t o f e f 

f e c t iv e  s o c ia l  behav io r in  th e  a d u lt  r a t .  Reviews by M ichel, e t  aX. 

( i 960) and Gleason and R eynierse (1969) have a lso  in d ic a te d  th e  im port

ance o f o l f a c t io n  in  th e  r a t .

From th e  r e s u l t s  o f th e se  s tu d ie s  on o lfa c t io n  in  th e  r a t  as w ell 

as th e  n a tu ra l  h is to r y  d a ta  i t  seems q u ite  obvious t h a t  an understand ing  

of th e  r a t ’s le a rn in g  a b i l i t y  must take  in to  account th e  r a t s  use of 

o lfa c to ry  in fo rm a tio n . The methodology o u tl in e s  by R atner (1969) would 

re q u ire  an a n a ly s is  o f th e  a b i l i t i e s  o f th e  r a t  under as many d i f f e r e n t  

sensory c o n d itio n s  as p o s s ib le ,  e s p e c ia l ly  c o n d itio n s  examining those  

sensory  m o d a litie s  s tro n g ly  involved  in  im p o rtan t s o c ia l  b eh av io rs .

Since a g re a t  volume o f d a ta  on v is u a l  le a rn in g  in  r a t s  a lre a d y  e x i s t s ,  

th e  d a ta  on o lfa c to ry  le a rn in g  could  complement those  r e s u l t s  f o r  a 

more e f f e c t iv e , com parative a n a ly s is .  However, a comparison must f i r s t  

be made between o lfa c to ry  and v is u a l  s tim u li in  o rd er to  determ ine th e  

r e l a t iv e  dominance o f th e  two m o d a litie s  in  le a rn in g  s i tu a t io n s .  T his 

study  th e re fo re  sought to  determ ine i f  th e  r a t  would make use o f  one 

m odality  more than  another when both  are  re le v a n t  as in  d isc r im in a tio n  

prob lem s.
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D iscrim in a tio n  s tu d ie s  employing more than  one s e t  o f r e le v a n t 

d isc rim in ab le  cues were begun by Pavlov (1927) u s in g  a c l a s s i c a l  con

d it io n in g  paradigm . He t ra in e d  dogs in  a c la s s ic a l  co n d itio n in g  s i t u 

a tio n  w ith a  l i g h t  and a tone fo llow ed by meat powder to  th e  mouth and 

measured th e  amount o f s a l iv a  produced. Upon t e s t in g  th e  cond itioned  

response to  th e  in d iv id u a l s t im u l i ,  he found s tro n g e r  co n d itio n in g  to  

th e  v is u a l  cue than  to  th e  a u d ito ry . Pavlov la b e le d  t h i s  phenomenon 

overshadowing, meaning an organism makes use o f  on ly  one component o f 

a  compound in  le a rn in g  a con d itio n ed  resp o n se . More re c e n t confirm a

t io n s  o f t h i s  overshadowing e f f e c t  in  c la s s ic a l  co n d itio n in g  have been 

rep o rted  by Baker (1968). Pavlov (1927) as w ell as l a t e r  th e o r i s t s  

(Lawrence, 19h9 ; Love jo y , 1968) re p o rte d  th a t  organism s e n te r  a le a r n 

in g  s i tu a t io n  w ith a h ie ra rc h y  of s tim ulus dim ensions. Cues in  th e  

dimension h ig h er in  t h i s  h ie ra rc h y  w i l l  be a tten d ed  to  more o f te n  and 

th e re fo re  a re  more r e a d i ly  le a rn e d  th an  cues in  a dim ension low er in  

th e  h ie ra rc h y .

Most work w ith  r a t s  on th e  problem o f a t te n t io n  and d isc r im in a tio n  

has been done w ith m u ltip le  v is u a l  cues (M ackintosh, 1965). R esu lts  of 

th ese  s tu d ie s  a lso  in d ic a te  th a t  r a t s  w i l l  u t i l i z e  one cue to  th e  exclu 

s io n  o f the  o th e r .  Babb (1957) w hile f in d in g  t h i s  to  be th e  case  r e 

p o rte d  th a t  le a rn in g  about th e  l e s s  d i s t i n c t  cue was ta k in g  p la c e  b u t 

to  a l e s s e r  e x te n t than  about th e  more d i s t i n c t  cue . He determ ined cue 

d is t in c t iv e n e s s  by comparing a c q u is it io n  r a te s  when th e  component cues 

were d e a l t  w ith s e p a ra te ly . Recent confirm ation  o f t h i s  method o f 

determ ining  th e  r e la t iv e  d is t in c t iv e n e s s  of cues was done by B irkim er 

(1969) } who concluded th a t  th e  s tim ulus component o f a compound th a t
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has  th e  g r e a te s t  c o n tro l over responding can be p re d ic te d  from indepen

den t d e te rm in a tio n s  o f th e  r a te  of le a rn in g  by th e  sep ara te  s t im u l i .

The s tu d ie s  o f Pavlov (1927) and M ackintosh (1965) never matched th e  

cues used in  th e  compound stim u lus f o r  d is t in c t iv e n e s s  to  see whether 

th e  overshadowing phenomenon was n o t a  m ethodolog ical a r t i f a c t <> W ithin 

a th e o r e t ic a l  model such as the one proposed by Lovejoy (1968) one would 

expect th a t  i f  th e  component cues o f a  compound stim u lu s  were matched 

fo r  d is t in c t iv e n e s s ,  th en  an e q u iv a len t amount o f  le a rn in g  would occur 

f o r  both  cues when te s te d  separa te ly ,, L ovejoy8 s model assumes th a t  th e  

r a t  a tte n d s  to  on ly  one stim u lus dimension on each t r i a l .  Lovejoy 

s ta te s  th a t  organism s are  c o n tro lle d  by s tim u li w ith in  th e  most d i s 

t i n c t  stim ulus dim ensions in  th e  a n im a l's  s tim u lu s dim ension h ie ra rc h y . 

H is model f u r th e r  s ta te s  th a t  anim als le a rn  by remembering which cue 

c o n tro lle d  h is  behav io r on th e  p rev io u s  t r i a l .  Reward v a r ia b le s  serve 

to  make th e  r e le v a n t dim ension more d i s t in c t iv e  and in c re a se  th e  p roba

b i l i t y  of a t te n t io n  to  th a t  dimension^, and i f  th e  anim al fo rg e ts  th e  eon -  

t r o l l e r ,  he must resam ple and w il l  choose again  th e  more d i s t in c t iv e  

dim ension w ith  h ig h e r p r o b a b i l i ty  th an  th e  l e s s  d i s t i n c t .  From th i s  

model i t  would be p re d ic te d  th a t  compound cue s i tu a t io n s  would be 

le a rn e d  f a s t e r  than  s in g le  cue s i tu a t io n s  w ith  th e  components o f th e  

compound p re sen ted  s e p a ra te ly . T his would be th e  case s in ce  th e  p roba

b i l i t y  o f s e le c t in g  a r e le v a n t dimension w ith  compound cues would be 

th e  sum o f th e  p r o b a b i l i t i e s  o f a tte n d in g  to  th e  components s e p a ra te ly .

By applying th e  p r in c ip le s  o f t h i s  model to  th e  problem o f d e te r 

m ining whether a  v is u a l  o r  o lfa c to ry  cue would be most e f f e c t iv e ly  

u t i l i z e d  by a  r a t  in  a  sim ple d isc r im in a tio n  s i tu a t io n ,  se v e ra l
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hypotheses were te s te d .  On th e  b a s is  o f Lovejoy1s (1968) model i t  was 

hypothesized  th a t  i f  odor cues a re  more im portan t to  th e  r a t  than  

b r ig h tn e s s , then  th e  r a t s  t ra in e d  w ith  bo th  odor and b r ig h tn e s s  cues 

re le v a n t  should perform  b e t t e r  on a  subsequent t e s t  w ith on ly  th e  odor

cue p re se n t th an  w ith  on ly  th e  b r ig h tn e s s  cue. C onversely , i f  b r ig h t -
/

n ess  cues a re  more im portan t than  odor, then  th e  r a t s  t e s te d  w ith  th e  

b r ig h tn e ss  component should have h ig h e r t e s t  sco res  th an  th o se  te s te d  

w ith  th e  o lfa c to ry  component. I f  both  b r ig h tn e ss  and odor have about 

th e  same degree o f d is t in c t iv e n e s s  th en  t e s t  sco res  fo r  b r ig h tn e s s  and 

odor should be about th e  same. The a c q u is it io n  r a te s  of two groups of 

r a t s ,  one tra in e d  w ith on ly  b r ig h tn e ss  re le v a n t,  th e  o th e r  w ith only  

odor re le v a n t should in d ic a te  th e  r e l a t iv e  d is t in c t iv e n e s s  o f th e  

s tim u li  and p r e d ic t  th e  t e s t  r e s u l t s  o f  th e  groups t r a in e d  w ith  com

pound s t im u li .  That i s ,  i f  t r i a l s  to  c r i te r io n  f o r  th e  b r ig h tn e s s  

group are  s ig n i f ic a n t ly  low er than  f o r  th e  odor group, th en  r a t s  

t r a in e d  w ith  compound cues would be expected to  have h ig h er t e s t  

sco res  fo r  th e  b r ig h tn e s s  component than  f o r  th e  odor component and 

co n v erse ly .



CHAPTER IX

METHOD

S u b jec ts
j

E ighty  male hooded r a t s  o f th e  Long-Evans s t r a in  were used . A t o t a l  

o f 120 Ss were ob ta ined  from Simonsen L a b o ra to rie s  in  groups o f  30 over 

a f iv e  month p e r io d . This number was re q u ire d  s in ce  approxim ately  one- 

th i r d  o f th e  r a t s  in troduced  to  th e  appara tus would n o t e n te r  th e  a l l e y s ^  

Male r a t s  were used because th e  ovarian  cy c le  may a f f e c t  th e  o lf a c to ry  

s e n s i t i v i t y  o f r a t s  (E lsb e rg , e t  a l . ,  1935) LeMagnen, 1950). An a n a ly s is  

o f t h i s  type  w ith fem ale r a t s  r e p re s e n ts  a  se p a ra te  problem . While 

a lb in o  and pigmented r a t s  seem to  be equal in  o lfa c to ry  a b i l i t y  (Moulton 

and E ayrs, I960) B riggs and Duncan, 1962) Jenn ings and K eefer, 1969), 

i t  seemed b e s t  to  use a  pigmented r a t  because, o f  i t s  b e t t e r  v is io n  

(Hermann, 1950). A ll Ss were between 90 and 100 days o f age a t  th e  

beginning  o f t h e i r  t r a in in g .  T h is  age range has  been conven tional 

throughout th e  l i t e r a t u r e  (Sidowski and Lockhard, 1966) and th e re  was 

no reason  n o t to  eo n fo m .

AH r a t s  were housed s e p a ra te ly  and m ain tained  on an a r t i f i c i a l  

2k hour cy c le  of 12 hours o f l i g h t  th en  d a rk . The r a t s  were su b jec te d  

to  t h i s  l ig h t in g  schedule fo r  l it  days p r io r  to  th e  beg inn ing  o f exper

im en ta tio n  so th a t  t h e i r  a c t i v i t y  cy c les  would be s ta b i l i z e d .  Lockhard 

(1966) suggested  an i l lu m in a tio n  le v e l  o f  one fo o t-c a n d le  as s tan d a rd

An a d d it io n a l  te n  Ss were subsequen tly  employed in  a fo llow -up  
c o n tro l  group.
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f o r  work w ith r a t s  s in ce  t h i s  -value i s  w ell below th e  a v e rs iv e  th re sh o ld  

f o r  both  pigmented and a lb in o  r a t s .  T h e re fo re , th e  i l lu m in a tio n  le v e l  

in  th e  colony was approxim ately  one fo o t-e a n d le  a t  the  f ro n t  o f  the 

r a t s '  cages during  th e  12 hour l i g h t  p e r io d . Due to  th e  lo c a t io n  of 

th e  i l lu m in a tio n  source th e re  was a g ra d ie n t from 1 .20  fo o t-c a n d le s  a t  

th e  top  cages to  0 . 81? a t  th e  bottom  cages. A pproxim ately one foot™ 

candle i l lu m in a tio n  was a lso  m ain ta ined  in  th e  experim en ta tion  a re a , 

s in ce  Sidowski and Lockhard (1966) s ta te d  th a t  r a t s  t r a n s f e r r e d  to  a 

b r ig h te r  a rea  f o r  experim en ta tion  w i l l  show a re d u c tio n  in  g en era l 

a c t i v i t y  and co n v erse ly  r a t s  t r a n s f e r r e d  to  a d ark er a re a  w i l l  show 

in c re a se d  a c t iv i t y .  A d d itio n a l c o n tro l over th e  r a t s '  a c t i v i t y  during  

experim en tation  was hoped fo r  by running th e  same s u b je c ts  a t  th e  same 

tim e each day.

The r a t s  were m ain ta ined  on a 23 hour w ater d e p r iv a tio n  schedule 

w ith  food c o n s ta n tly  a v a i la b le .  S ix  days p r io r  to  th e  beg inn ing  of 

t r a in in g  th e  Ss were p laced  on t h i s  w ater d e p r iv a tio n  schedule 

w ith  a l l  Ss re c e iv in g  one hour o f w ater p e r  day. A f te r  a shipment o f 

r a t s  a r r iv e d , th ey  were handled f o r  f iv e  m inutes p e r  day to  reduce 

th e i r  f e a r  o f  th e  experim en ter. T h is 'w as begun 7 days p r io r  to  th e  

beg inn ing  o f t r a in in g .

A pparatus

The appara tus was th e  one used by Jenn ings and K eefer (1969) w ith 

a m o d ifica tio n  to  p e rm it the  use o f b r ig h tn e s s  as  w ell as o lfa c to ry  

s tim u li (see  Appendix A f o r  a  d e ta i le d  d e s c r ip t io n  of th e  a p p a ra tu s ) .

A ll su rfaces  in  one s e t  o f a l le y s  were unpain ted  b lack  p l a s t i c ,  while 

a l l  w a lls  and th e  f lo o r  o f th e  c e n te r  a l le y  in  th e  o th e r  ap p ara tu s  were
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p a in te d  w ith  a id lite  l a te x  p a in t .  The f lo o r  o f  one o f th e  rem aining 

a l le y s  o f t h i s  ap p ara tu s  was p a in te d  b lack  w ith  th e  same type o f p a in t  

so th a t  any te x tu r a l  cues th a t  m ight be a s so c ia te d  w ith  th e  p a in t  could  

be p a r t ia le d  o u t. An a d d itio n a l s e t  o f a l le y s  was subsequen tly  con

s tru c te d , having th e  same dim ensions as th e  o th e rs  and p a in te d  w hite 

w ith l a te x  p a in t .

The o lfa c to ry  s tim u li  used were pure e x tr a c ts  o f orange and w in te r-  

green m anufactured by McCormack foods and m arketed under th e  brand name 

o f S c h i l l in g .  These two odoran ts had been used by Jennings and K eefer 

(1969) and in  a p i l o t  s tu d y  by th i s  experim en ter. A ll in d ic a t io n s  were 

t h a t  th e se  odors could be e a s i ly  d e te c te d  by r a t s .  There was no n o t ic e 

ab le  p re fe ren ce  or av e rs io n  f o r  e i th e r  o f th e se  o d o rs . Each odoran t 

was k ep t in  i t s  own se a la b le  p l a s t i c  co n ta in e r  along w ith th e  p a r t ic u la r  

o d o ran t. These p l a s t i c  c o n ta in e rs  were s to re d  i n  a room ad jacen t to  th e  

one in  which th e  Ss were run  so t h a t  th e  r a t s  could  have no experience 

w ith  th e  odors p r io r  to  t r a in in g .

Design

The 80 Ss were d iv ided  in to  I4.O c o n tro l  and I4O experim en tal S s . The 

experim ental Ss were supp lied  w ith  two p a i r  o f s tim u li j  b lack  and w hite 

a l le y s  and e x t r a c ts  o f orange and w in te rg reen . The hO experim en tal Ss 

were d iv id ed  in to  fo u r  groups o f 10 Ss each so th a t  a l l  p o s s ib le  combin

a tio n s  o f  th e  above cues were rew arded. These Ss were tra in e d  to  a 

c r i t e r io n  o f two consecu tive  days o f e ig h t  o r more c o r re c t  responses in  

te n  t r i a l s .  The p ro b a b i l i ty  o f t h i s  c r i t e r io n  be ing  reached through 

chance responding  i s  . 006 .
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On reach ing  c r i t e r io n ,  t e s t s  were used to  determ ine th e  degree to  

which th e  Ss u t i l i z e d  th e  o lfa c to ry  o r v is u a l  components in  making a 

d is c r im in a tio n . Each experim ental S , t r a in e d  w ith th e  compound cues, 

was te s te d  w ith on ly  one p a i r  o f  cu es . In  an a ttem pt to  equate th e  

degree o f experience th e  Ss had w ith th e  d isc r im in a tio n  th e  Ss were 

assigned  to  e i th e r  th e  b r ig h tn e s s  p a i r  o r th e  o lf a c to ry  p a i r  in  a coun

te rb a lan ced  manner (ABBA) as th ey  reached c r i t e r io n .  That i s ,  th e  f i r s t  

S to  reach  c r i t e r io n  in  a t r a in in g  group was assigned  to  th e  v is u a l  p a i r  

w hile th e  n ex t two were assig n ed  to  th e  o lfa c to ry  p a i r  and th e  fo u rth  

to  th e  v is u a l  p a i r  ag a in . The t e s t  co n s is te d  o f two days o f 10 t r i a l s  

p e r day w ith on ly  th e  v is u a l  o r th e  o lfa c to ry  components p re s e n t .  The 

fo u r t r a in in g  groups were th u s  sep ara ted  in to  e ig h t t e s t i n g  groups as 

in d ic a te d  in  Table I .

TABLE I

DISPOSITION OF EXPERIMENTAL SUBJECTS

Group T ra in in g  S tim u li T estin g  S tim u li

A 10 Ss Orange* WGreen-  
W hite + Black -

Orange* WGreen- 
White + Black -

£ Ss 
5 Ss

B 10 Ss Orange* WGreen- 
Black + In/hite -

Orange* WGreen- 
Black + W hite -

3> Ss 
5 S s

C 10 Ss
WGreen+ Orange- 
W iite  + Black -

WGreen* O range- 
White + Black -

5  Ss

D 10 Ss
WGreen* Orange- 
Black + White -

WGreen* Orange- 
Black + W hite -

5 Ss 
$ Ss

The hO c o n tro l Ss were d iv id ed  in to  fo u r  groups o f  10 Ss each. 

Two o f th ese  groups were p re sen te d  only  th e  v is u a l  s t im u l i |  one w ith
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TABLE I I

DISPOSITION OF CONTROL SUBJECTS

Group T ra in in g  S tim u li T estin g  S tim u li

E 10 Ss Orange+ WGreen- Orange+ WGreen 
Black + White

5 Ss 
5 Ss

F 10 Ss WGreen+ Orange- WGreen+ Orange 
W hite + Black

£ Ss 
5 Ss

G 10 Ss W hite + Black W hite + Black .= £ Ss 
Orange* WGreen™ $ Ss

H 10 Ss Black + W hite Black + White -  £ Ss 
WGreen+ Orange™ 5 Ss

th e  w hite a l le y  rewarded, th e  o th e r  w ith  th e  b lack  a l le y  rew arded. The 

o th e r  two groups were p re sen ted  on ly  the  o lfa c to ry  cues? one w ith  orange 

rew arded, th e  o th e r  w ith  w in terg reen  rew arded. A fte r  each S reached the  

c r i t e r io n  o f e ig h t o r  more c o r r e c t  responses o u t o f te n  fo r  two con- 

se c u tiv e  days i t  was assigned to  a  t e s t  c o n d itio n  in  th e  same c o u n te r

balanced  manner as th e  experim en tal S s. H a lf th e  Ss in  each group 

continued  t r a in in g  on th e  o r ig in a l  problem w hile th e  o th e r  h a l f  of the  

group was te s te d  u sin g  s tim u li from th e  m o d ality  n o t used during  train™  

in g  (see  Table I I ) , These t e s t  s i tu a t io n s  were employed f o r  two success

iv e  days o f te n  t r i a l s  p e r  d ay .*  No c o n tro l  group was run  to  determ ine 

i f  th e  r a t  could d e te c t  th e  p resen ce  of w ater independent o f o th e r  cues

^  An a d d it io n a l  c o n tro l group o f  10 Ss was tra in e d  w ith  an odor 
d isc r im in a tio n  (orange+ w in te rg reen -)  in  a  s e t  o f w hite a l le y s  and 
given two t e s t  days in  a b r ig h tn e ss  d isc r im in a tio n  s i tu a t io n .  H alf of 
th e se  Ss were te s te d  w ith  th e  w hite a l le y  p o s i t iv e  and h a l f  w ith  th e  
b lack  a l le y  p o s i t iv e .
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because Jennings and K eefer (1969) te s te d  f o r  t h i s  and found no such 

a b i l i t y .

Procedure

As the  30 Ss in  a t r a in in g  group were rece iv ed  in to  the  la b o ra to ry  

th ey  were a r b i t r a r i l y  assigned  to  one of th e  e ig h t t r a in in g  c o n d itio n s . 

Each of th e  Ss was run a t  th e  same tim e each day and a f t e r  running each 

S rece iv ed  one hour o f f r e e  access to  w ater in  th e  home cage.

S tep -b y -s te p  th e  procedure fo r  running  each S was as follow s?

1 . Id e n tify in g  in fo rm atio n  i s  en tered  a t  th e  top  o f a  d a ta  

s h e e t.

2 . A pparatus i s  wiped c le a n .

3. O lfac to ry  s tim u li  a re  p u t in  p la c e ; gun c lean in g  pads are 

p laced  in  sink  s t r a in e r s  and fo u r  drops o f odoran t are  

p laced  on th e  pad .

It. Exhaust fan s  a re  s ta r te d  f o r  a l l  S s9 even  th o se  n o t re c e iv in g  

o d o rs .

5>. E o b ta in s  th e  ap p ro p ria te  in  i t s  home cage. The home cage 

w i l l  serve as th e  r e ta in in g  cage du rin g  the i n t e r - t r i a l -  

in te r v a l  (IT I) „

6 . S in  i t s  home cage i s  p laced  on a c h a ir  about 18" below the  

appara tus ta b le  and th e  cage i s  covered.

7. The w ater cup in  th e  c o r re c t  choice a l le y  i s  f i l l e d  w ith  one 

c e . o f w ater.

8 . S i s  p laced  in  th e  s t a r t  box f o r  1$ seconds b e fo re  th e  g u i l 

lo t in e  door i s  opened.
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9 . S i s  given f iv e  m inutes to  e n te r  an a l le y ,  i f  no cho ice has 

been made w ith in  t h i s  tim e p e rio d  th e  t r i a l  i s  te rm in a ted  and 

S re tu rn e d  to  the  home cage f o r  an IT I of 30 seconds. When 

th e  S has walked th e  len g th  of i t s  body in to  an a l le y  the  

g u i l lo t in e  door i s  low ered and th e  S rem ains in  th e  a l le y  f o r  

30 seconds.

10 . A fte r  th e  com pletion o f  a  t r i a l  th e  S i s  re tu rn e d  to  the  home 

cage f o r  an IT I o f 30 seconds. During th i s  tim e th e  a l le y  

(re in fo rc e d )  p o s i t io n  i s  changed and th e  w ater cup r e f i l l e d  i f  

n e c e ssa ry . The p o s it io n  o f th e  re in fo rcem en t w il l  be d e te r 

mined by th e  s e r ie s  recommended by Fellow s (1967). T his s e r ie s  

m inim izes th e  e f f e c t  o f p o s it io n  and a l te r n a t io n  b ehav io r i n  

r a t s .

11. This procedure was rep ea ted  fo r  10 successiv e  t r i a l s  f o r  each 

S th a t  w i l l  then  be re tu rn e d  to  th e  colony and .given w ater fo r  

one h o u r.

A ll Ss rece iv ed  10 t r i a l s  p e r  2h hours u n t i l  the  c r i t e r io n  of e ig h t o r  

more c o r re c t  responses in  two consecu tiv e  days was reach ed . T his s e ts  

a c r i te r io n  which has a p r o b a b i l i ty  o f 0.006  o f o ccu rrin g  by chance.

When each experim ental S in  each o f th e  fo u r  groups (see  Table I ) . 

reached c r i t e r io n  in  t r a in in g  i t  was assigned  to  a t e s t  c o n d itio n  in  a 

counterbalanced  manner (ABBA). The A co n d itio n  means t h a t  th e  was to  

be te s te d  on th e  b r ig h tn e ss  component a lo n e . For example, a r a t  t ra in e d  

to  orange and w hite as p o s i t iv e  s tim u li  and b lack  and w in te rg reen  as 

n eg a tiv e  s t im u l i ,  under co n d itio n  A was te s te d  w ith  w hite p o s i t iv e  and 

b lack  n eg a tiv e  and w ithout o do rs$ under th e  B c o n d itio n  th e  S would be



te s te d  w ith  orange as th e  p o s i t iv e  cue and w in terg reen  as the  neg a tiv e  

and w ithou t b r ig h tn e s s  d if f e r e n c e s . Two co n secu tiv e  days of 10 t e s t  

t r i a l s  each were ru n , When a group of 30 Ss f in is h e d  te s t in g  th ey  were 

d estroyed  to  make room f o r  ano ther group.



CHAPTER III

RESULTS

The mean t r i a l s  to  c r i t e r io n  f o r  th e  experim en tal and c o n tro l 

groups a re  in d ic a te d  in  Table I I I  and F ig u re  1 . The mean of th e  ex

p e rim en ta l groups was s ig n i f ic a n t ly  below th a t  o f th e  c o n tro l  group 

( t  = 2 .10 , d f .  = 78, p <  .15>). This suggests  th a t  redundant in fo rm atio n  

p rov ided  th e  experim ental Ss r e s u l te d  in  a  more d isc r im in a b le  s i tu a t io n .  

T h is would a lso  tend  to  in d ic a te  th a t  experim ental Ss were u sin g  both  

s e ts  o f  cu es . W ithin th e  c o n tro l  groups th e re  was a tre n d  f o r  r a t s  run 

to  b lack  to  reach  c r i t e r io n  b e fo re  th o se  run  to  w h ite , a tre n d  no ted  in  

a p rev io u s  s tu d y  u sing  b r ig h tn e s s  cues (W aller, 1968). A Mann-Whitney 

U t e s t ,  however, in d ic a te d  th a t  th e  d if fe re n c e  was n o t s t a t i s t i c a l l y  

s ig n i f ic a n t  ( p > . 07) .

A fte r  c r i t e r io n  was reached each r a t  was assigned  to  a  two day 

t e s t  s e r ie s  as in d ic a te d  in  Tables I  and I I .  These d a ta  were analyzed 

in  two se p a ra te  experim en tal d e s ig n s , one f o r  experim ental Ss and one 

f o r  c o n tro l S s . The t e s t  d a ta  from experim ental Ss were analyzed in  a 

p a r t i a l l y  n e s te d  design  (W iner, 1962). This design  had two f a c to r s ,  

one v is u a l  w ith w hite and b lack  re in fo rc e d  cues n es ted  under i t  and 

th e  o th e r  o lfa c to ry  w ith orange and w in terg reen  re in fo rc e d  cues n es ted  

under i t .  These fo u r  t e s t  c o n d itio n s  were then  d iv ided  in to  day one 

and day two perform ance w ith  t o t a l  c o r re c t  responses as th e  dependent 

v a r ia b le .

The mean c o r re c t  responses o f th e  experim en tal group a re  in d ic a te d  

in  Table IV . The a n a ly s is  o f v a rian ce  i s  summarized in  Table V and
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TABLE I I I

MEAN TRIALS TO CRITERION AND STANDARD DEVIATIONS 
FOR EXPERIMENTAL AND CONTROL GROUPS

Experim ental C ontro l
R einforced
S tim u li

Orange
White

Orange
Black

WGreen
W hite

WGreen
Black

Orange WGreen W hite Black

Mean U2.0 38.0 U5.o U3.0 U8.0 U9.0 55.0 H3.0

S tandard
D ev ia tio n 13.2 17 .5 17.8 111.9 9 .2 l i . o  i 6 .5 1 3 .U

TABLE IV

MEAN CORRECT RESPONSES DURING DAY 1 AND DAY 2 
TEST TRIALS WITH EXPERIMENTAL SUBJECTS

Rewarded Cue
V isu a l S tim u li O lfac to ry  S tim u li

MeanBlack White Orange WGreen

Day 1 7 .9 7 .5 8 .1 7 .5 7.7

Day 2 8 .1 8 .5 8 .1 8 .2 8 .2

Mean 8 .0 8 .0 8 .1 7 .8

in d ic a te s  no s ig n i f ic a n t  d if fe re n c e s  between t e s t  t r i a l s  on th e  b r ig h t 

ness and o lfa c to ry  components. An in v e rse  F r a t io  was s ig n i f ic a n t  

(p -1  _ 2£li} d f . = 72 /1 , p <  .05) in d ic a t in g  a s ig n i f ic a n t  degree of 

equ ivalence between the  t e s t  perform ance o f  th e  o lfa c to ry  and v is u a l  

m o d a li t ie s .  This would suggest t h a t  the  r a t s  u t i l i z e d  th e  v is u a l  com

ponent to  th e  same e x te n t as th ey  u t i l i z e d  th e  o lfa c to ry  component in  

le a rn in g  th e  d is c r im in a tio n . This r e s u l t  was re p o rte d  in  th e  t r i a l s  to
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TABLE V

SUMMARY OF EXPERIMENTAL SUBJECTS 
TEST DATA ANALYSIS OF VARIANCE

Source SS d f MS F P

Sensory M odality .01 1 .01 2$h* .05

S tim u li w ith in  
M odality •6. 2 .3 -

T e st Days U.5 1 it.5 1.77

M odality  X T est Days i t .3 1 k '3 1 .69

S tim u li w ith in  
M odality  X T est Days 2 .8 2 l.U < 1 .0

E rro r 182.7 72 2.5U

-"-.Inverse F r a t i o .

c r i t e r io n  a n a ly s is  where i t  was found th a t  th e  Ss su p p lie d  w ith  cues 

from both  m o d a litie s  reached  t r a in in g  c r i t e r io n  b e fo re  th o se  su p p lied  

.w ith 'cues from a s in g le  m o d a lity . T his a n a ly s is  a lso  in d ic a te d  no s ig 

n i f i c a n t  d if fe re n c e s  between th e  s tim u li  n e s te d  under th e  m o d ality  f a c to r  

as w e ll as no e f f e c t  between days o f t e s t i n g .  In  o rd e r to  determ ine i f  

t h i s  perform ance du rin g  t e s t in g  re p re se n te d  a  s ig n i f ic a n t  s u p e r io r i ty  

over th e  responding o f n a iv e  S s, com parisons were made between c o n tro l 

r a t s ’ perform ances on th e  f i r s t  two days o f t r a in in g  and th e  t e s t  p e r 

formance of experim en tal S s . These com parisons a re  in d ic a te d  in  F igu re

2. For each stim u lu s s i tu a t io n  th e  d iffe re n c e s  betw een experim en tal 

group t e s t  perform ances and c o n tro l group t r a in in g  perform ance was 

s ig n i f ic a n t  (Mann-Whitney U, p  ^ .0 1 )  in d ic a t in g  s ig n i f ic a n t  r e te n t io n  

o f bo th  th e  odor and v is u a l  d isc r im in a tio n s  d u rin g  t e s t i n g .
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R E L E V A N T  STIMULI
*

F igu re  2. Comparison o f 20 t e s t  t r i a l s  from experim ental group (E) and 
f i r s t  20 t r a in in g  t r i a l s  o f  th e  re sp e c tiv e  c o n tro l group ( C ) , 
A ll d if fe re n c e s  "between experim ental and c o n tro l groups a re  
s ig n i f ic a n t  (Mann-Whitney U, p < .0 1 ) .
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Since i t  i s  apparen t th a t  bo th  s e ts  o f cues were u t i l i z e d  to  about 

th e  same degree in  le a rn in g  th e  d isc r im in a tio n , th e  Ss may have e i th e r  

lea rn ed  th e  two d isc r im in a tio n s  independen tly  ( c f .  L iu  and Z e ile r ,  1968) 

o r as a  s tim u lu s  compound (Spence, 1936; Thomas, 1969). I f  th ey  lea rn ed  

th e  d isc r im in a tio n s  independen tly  th e re  should be no decrem ent in  p e r 

formance from t r a in in g  to  t e s t in g ,  whereas dependence upon th e  compound 

would r e s u l t  in  a s ig n i f ic a n t  decrem ent in  perform ance du ring  te s t in g  

s in ce  a p o r tio n  of th e  stim ulus complex -was removed. To t e s t  t h i s  th e  

c r i t e r io n  perform ance o f  experim en tal Ss was compared w ith  t h e i r  t e s t  

perform ance. S ince th e  c r i t e r io n  f o r  le a rn in g  was two co nsecu tive  days 

o f e ig h t o r more c o r re c t  responses bu t o f  te n , th e  t o t a l  number o f  c o r

r e c t  responses during  th e se  two c r i te r io n  days was compared w ith  th e  

t o t a l  c o r re c t  responses during  th e  two days o f t e s t i n g .  These d a ta , 

in d ic a te d  in  F igure  3, were analyzed in  a U x 2 f a c t o r i a l  design  (Winer,

1962) and th e  r e s u l t s  a re  summarized in  Table V I. T h is a n a ly s is  in d i 

c a ted  s ig n i f ic a n t ly  p o o rer perform ance during t e s t in g  than  du ring  

c r i te r io n  responding (F = 19 .68 , d f .  = I . 36, p < .0 0 1 ) ,  th u s  in d ic a t in g  

th a t  th e re  was a s ig n i f ic a n t  s tim u lu s  g e n e ra liz a tio n  decrement from 

th e  compound to  th e  s in g le  cue s i tu a t io n .  T his again  re a ff irm s  th e  

evidence th a t  th e  Ss in  t h i s  s tudy  were using  both  s e ts  o f cues in  

le a rn in g  th e  d isc r im in a tio n .

The c o n tro l group t e s t  d a ta  c o n s is te d  o f th e  two day perform ance 

o f th o se  Ss continued on th e  same d isc r im in a tio n  problem p resen ted  

during  t r a in in g  and those  Ss s h if te d  to  a new stim u lu s  dim ension. For 

th e  Ss Continued on th e  same problem i t  was p re d ic te d  th a t  th e re  would 

be no red u c tio n  in  perform ance during  te s t in g .  On th e  b a s is  o f  p rev ious
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White* Black* White* Black*
Orange* Orange* WGreen* WGreen*

R E WA R D E D  STI MULI

F ig u re  3 . Comparison o f c r i t e r io n  perform ance during  t r a in in g  (C) and 
t e s t  perform ance (T) f o r  th e  fo u r  groups of experim ental Ss.
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TABLE VI

SUMMARY OF ANALYSIS OF VARIANCE OF EXPERIMENTAL 
SUBJECTS CRITERION AND TEST PERFORMANCE

Source SS df MS F

Between S u b jec ts 199 39

Stim ulus groups 7 3 2 .3 .1*3

S u b jec ts  w ith in  Groups 192 36 5 .3

W ithin  S ub jec ts 175 1*0

T e st v s . C r ite r io n 61 1 61 19.68*

Stim ulus Groups X 
T e s t v s . C r i te r io n 3 3 1 .33

T e st v s . C r i te r io n  X 
S u b jec ts  w ith in  Groups 111 36 3 .1

*  p <  .01 .

work on th e  acqu ired  d is t in c t iv e n e s s  o f s tim u li  (Lawrence, 19h9) i t  was 

p re d ic te d  th a t  th e re  would be a s ig n i f ic a n t  decrement in  perform ance f o r  

th o se  Ss faced  w ith  a  new s e t  o f s tim u li  du ring  t e s t i n g .  The c o n tro l 

group t e s t  r e s u l t s  a re  in d ic a te d  in  F ig u re  I*. These d a ta  were analyzed 

in  2 x U x 2 f a c t o r i a l  design  (W iner, 1962) and the  r e s u l t s  a re  summar- 

iz e d  in  Table V II. The a n a ly s is  of v a rian ce  in d ic a te d  a s ig n i f ic a n t  

d if fe re n c e  between th e  t e s t  groups (F = 6 .1 2 , d f .  = 3 /32 , p < .0 1 )  as 

w e ll as a s ig n i f ic a n t  s u p e r io r i ty  of th e  Ss continued on th e  same problem 

over Ss s h if te d  to  a problem i n  a  new m odality  (F = h3*k> d f .  = 1 /3 2 , 

p < .0 0 l ) .  The in te r a c t io n  between t r a in in g  groups and t e s t  problem s was 

a lso  s ig n i f ic a n t  (F = i t .18, d f .  = 3 /32 , p < .0 5 ) .
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10
  V isual Groups
L J Continued

Odor Groups 
Continued

A  Black* to  
WGreen*

White* to  
Orange*

O Orange* to  
Black*

WGreen* to  
White*

TEST D A Y S

F ig u re  1*. Perform ance of c o n tro l Ss s h i f te d  to  new problems and
continued  on o r ig in a l  t r a in in g  problem during  t e s t  days.
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TABLE V n

SUMMARY OF ANALYSIS OF VARIANCE OF CONTROL 
SUBJECTS TEST PERFORMANCE

Source ss df MS F

Between S ub jec ts 35>2.0 39

A Groups 60.£ 3 20.2 6.12*

B Continued v s . 
S h if te d 1U3.1 1 11*3.1 U3.il**

A X B m .u 3 13.8 l*.l8***

E rro r 107.0 32 3.3

W ithin  S ub jec ts 71.5 Uo

C Days 12.0 1 12.0 8.2*

A X C ' 7.3 3 2.h 1.61*

B X C 3.6 1 3 .6 2.1*7

A X B X C 2.0 3 .7 < 1 .0

E rro r U6.6 32 - ■1.$

p < .0 1 ** p < .001 *** p < .0 *

The la rg e  d if fe re n c e  between Ss te s te d  w ith  th e  same cues used in  

t r a in in g  and th o se  te s te d  w ith  new cues i n  a d i f f e r e n t  m odality  was 

expected and dem onstrates th e  decrem ental e f f e c t  of changing re le v a n t  

s tim u lu s  cu es . The rem aining r e s u l t s  a re  g e n e ra lly  ex p la in ab le  i n  te rn s  

o f two f a c to r s  o p e ra tin g  w ith in  th e  groups th a t  were fa c in g  new s tim u li  

du ring  t e s t i n g .  Ss t ra in e d  w ith  odor cues in  a  t o t a l l y  b lack  appara tus 

c o n s is te n t ly  p re fe r re d  th e  b lac k  a l le y  when subsequen tly  p re sen te d  a 

b r ig h tn e s s  d isc r im in a tio n  problem . A Newman Keuls t e s t  of th e  mean
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perform ance acro ss  days and c o n d itio n s  f o r  th e  fo u r  groups supported 

t h i s  ex p lan a tio n  in  t h a t  th e  group t r a in e d  w ith  w in terg reen  rewarded 

perform ed s ig n i f ic a n t ly  (p < .0 l )  below a l l  b u t one o f th e  o th e r  groups. 

From F igure h i t  i s  ap p aren t th a t  t h i s  was due p r im a r ily  to  th e  poor 

perform ance o f th e  f iv e  Ss th a t  were s h if te d  to  th e  b r ig h tn e ss  problem 

and rewarded f o r  going to  th e  w hite a l l e y .  The perform ance o f th e se  Ss 

may be c o n tra s te d  w ith  th o se  t r a in e d  w ith  orange rewarded and te s te d  

w ith  b lack  rewarded who perform ed n ea r c r i t e r io n  (X = 7 .8) on th e  f i r s t  

day o f te s t in g  and exceed c r i te r io n  (X = 8 ,2) on th e  second day of 

t e s t i n g .  S ig n if ic a n t  d if fe re n c e s  between th e se  two groups were ob tained  

(Q = 1 0 .2 , d f .  = 2/ 32, p < . 0 1 ). This would suggest th a t  t r a in in g  in  th e  

b lack  apparatus r e s u l te d  in  some le a rn in g  about th e  b r ig h tn e ss  dimension 

w ithou t the  e f f e c t  of d i f f e r e n t i a l  re in fo rcem en t o f th a t  dim ension. In  

o rd e r to  determ ine w hether t h i s  e f f e c t  was due to  th e  r a t s 1 p re fe ren ce  

f o r  d ark er a reas  (W aller, 1968) o r w hether i t  was due to  th e  t r a in in g  

in  an appara tus w ith  b lack  a l l e y s ,  a  second c o n tro l  group was run  w ith 

an odor d isc r im in a tio n  and w hite a l l e y s .  This group was t r a in e d  w ith 

orange as th e  rewarded cue and w in terg reen  as th e  unrewarded cue in  an 

appara tus having th e  same b lack  s t a r t  box b u t w ith  w hite a l le y s  in s te a d  

of b lack . H alf o f  th e  10 Ss were th en  te s te d  in  a  b r ig h tn e ss  d isc r im in 

a t io n  problem w ith  th e  w hite a l le y  rewarded and h a l f  w ith  th e  b lack  

a l l e y  rew arded. The r e s u l t s  o f th e se  t e s t  t r i a l s  a re  p re sen te d  in  

F ig u re  S>. The d a ta  were analyzed in  a  2 x  2 f a c t o r i a l  desig n  (W iner, 

1962) and a re  summarized in  Table 8 . The Ss te s te d  w ith  th e  w hite a l le y  

rewarded perform ed s ig n i f i c a n t ly  b e t t e r  (F = 26 .13 , d f .  = 1 /8 , p < \ 0 l )  

th an  those Ss te s te d  w ith  th e  b lack  a l l e y  rew arded. These r e s u l t s
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White a l le y  
re in fo rc e d

TEST DAYS

F ig u re  5 . T e st perform ance o f c o n tro l su b je c ts  t r a in e d  -with orange 
p o s i t iv e  and w in terg reen  n eg a tiv e  in  an appara tus w ith  
w hite a l le y s  and s h if te d  to  a b r ig h tn e ss  d isc r im in a tio n  
w ith e i th e r  th e  w hite a l le y  o r th e  b lack  a l le y  re in fo rc e d .
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TABLE VIII
SUMMARY OF ANALYSIS OF VARIANCE OF CONTROL SUBJECTS TRAINED 

WITH ODOR DISCRIMINATION IN A WHITE APPARATUS AND 
TESTED ON A BRIGHTNESS DISCRIMINATION

Source SS d f MS F

Between S u b jec ts 111.66 9

A Black v s . White 
(Rewarded S tim ulus) 31.88 1 31.88 26.13*

S u b jec ts  w ith in  Groups 9.78 8 1.22

W ith in  S ub jects 20.53 10

B T est Days 15.75 1 15.75 26. 25*

A X B .01 1 .01 < 1 .00

B X S u b jec ts  w ith in  Groups li.77 8 .60

* p <  .01

confirm  th e  co n ten tio n  th a t  th e  la rg e  d iffe re n c e  between Ss te s te d  w ith 

w hite rewarded and b lack  rewarded in  th e  o r ig in a l  c o n tro l  group was due 

to  c o n d itio n in g  to  th e  b lack  a lle y s  th a t  were used d u rin g  t r a in in g .  

However, th e  l a t t e r  c o n tro l group tra in e d  in  w hite a l le y s  showed a  s ig 

n i f i c a n t  (F * 26.25, d f .  = 1 /8 , p < .0 1 )  improvement ac ro ss  t e s t  days 

which th e  o r ig in a l  c o n tro l group tra in e d  in  th e  b lack  ap p ara tu s  d id  n o t 

show. In  o th e r  words, Ss t r a in e d  in  a b lack  appara tus tended to  p e r s i s t  

in  responding to  th e  b lack  a l l e y  when p re sen ted  a choice between b lack  

o r w h ite , i r r e s p e c t iv e ■of which a l le y  con ta ined  th e  re in fo rc em e n t. This 

p a t te r n  d id  n o t change over th e  two t e s t  days. In  c o n tr a s t ,  th e  Ss 

t ra in e d  in  th e  w hite a l le y  i n i t i a l l y  p re fe r re d  th e  w hite a l le y  when 

given a choice between w hite and b lack  a l le y s ,  b u t t h i s  p re fe ren c e  was
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beginning to  break  down by t e s t  day two to  th e  e x te n t th a t  a s ig n if ic a n t  

t e s t  days e f f e c t  was found (see  Table V I I I ) .  T h is d i f f e r e n t i a l  r a t e  in  

th e  e x t in c t io n  o f th e  cond itioned  p re fe ren ce  f o r  an a l le y  of s p e c if ic  

b r ig h tn e ss  may be due to  th e  r a t s ’ g en e ra l p re fe re n c e  fo r  d ark er a re a s .

Rats t r a in e d  w ith b r ig h tn e s s  cues had no experience w ith odor cues 

and when p re sen ted  those  cues in  a  t o t a l l y  b lack  ap p ara tu s , responded a t  

chance le v e l  f o r  th e  f i r s t  t e s t  day b u t on th e  second t e s t  day th ey  

improved g r e a t ly .  This improvement was s u f f ic ie n t  to  r e s u l t  in  a s ig 

n i f ic a n t  t e s t  days e f f e c t  f o r  th e  w ith in  Ss a n a ly s is  (F = 8 .2 , d f .  = 

1 /3 2 ), p < . 6 l ) . T his r e s u l t  would a lso  account f o r  th e  s ig n if ic a n t  

in te r a c t io n  e f f e c t  between groups and t e s t  problem s. The ra p id  im prove

ment from t e s t  day one to  t e s t  day two su g g ests  th a t  th e  le a rn in g  o f  one 

d isc r im in a tio n  problem ten d s to  f a c i l i t a t e  th e  le a rn in g  of subsequent 

problems such th a t  an ex tra -d im en sio n a l le a rn in g  s e t  may be e s ta b lis h e d .

These r e s u l t s  in d ic a te  th a t  r a t s  can u t i l i z e  more than  one stim ulus 

component in  le a rn in g  a d is c r im in a tio n . From th e  r e s u l t s  o f experimen

t a l  Ss i t  i s  c le a r  th a t  th e  two re le v a n t p a i r s  o f  s tim u li from d i f f e r e n t  

m o d a litie s  were used as a compound w ith  n e i th e r  being  su p e rio r  o r over

shadowing th e  o th e rs  as has been suggested  w ith  o th e r  techn iques and 

s tim u li (M ackintosh, 1965| Baker, 1968). The c o n tro l  group r e s u l t s  

in d ic a te  th a t  a s tim ulus n o t c o r re la te d  w ith re in fo rcem en t (b lack  o r 

w hite a lle y )  can lead  to  a p re fe ren c e  fo r  th a t  stim ulus by r a t s  and, 

fu rtherm ore , r a t s  t ra in e d  on one d isc r im in a tio n  dem onstrate ra p id  

le a rn in g  o f subsequent d isc r im in a tio n s  in  o th e r  m o d a litie s  as i f  an 

in term odal le a rn in g  s e t  had developed.



CHAPTER 17

DISCUSSION

The prim ary purpose o f th i s  s tudy  was to  a s c e r ta in  th e  e x te n t to  

which r a t s  would u t i l i z e  e i th e r  o lfa c to ry  o r b r ig h tn e s s  cues in  le a r n 

ing  a d isc r im in a tio n . "When th e se  cues were used as compound s tim u li 

in  a two choice G rice type d isc r im in a tio n  i t  was p re d ic te d  th a t  more 

le a rn in g  would occur about th e  cue from th e  more d isc rim in ab le  stim ulus 

m o d ality . This p re d ic t io n  fo llow s from models o f  a t te n t io n a l  le a rn in g  

th eo ry  (M ackintosh, 196$; Lovejoy, 1968), im plying th a t  Ss p resen ted  

more than  one s e t  o f r e le v a n t cues in  a d isc r im in a tio n  s i tu a t io n  w il l  

a tte n d  to  one s e t  o n ly . From d a ta  on th e  n a tu ra l  h is to r y  o f  th e  r a t  

(B a rn e tt, 1963; Gleason and R eynierse, 1969) i t  was concluded th a t  t h i s  

p re d ic t io n  should fav o r th e  o lf a c to ry  cue more than th e  b r ig h tn e ss  cue, 

s ince  o lfa c t io n  appears to  be more im portan t than  v is io n  in  i n t r a 

s p e c if ic  communication in  r a t s .  From S u th e r la n d 's  (196U) p o s i t io n  i t  

was hypothesized  th a t  th e  " o lfa c to ry  analyzer" i s  p re p o te n t to  th e  

" v isu a l an a ly ze r."  Two experim en tal t e s t s  o f  t h i s  p r e d ic t io n  f a i le d  

to  support t h i s  h y p o th e s is .

Experim ental Ss t ra in e d  w ith both  o lfa c to ry  and b r ig h tn e s s  cues 

r e le v a n t where te s te d  w ith  th e  components s e p a ra te ly  and perform ed 

e q u a lly  w ell w ith b r ig h tn e s s  o r o lfa c to ry  cues. I n te rp r e t in g  th ese  

r e s u l t s  in  term s o f L ov e jo y 's  (1968) a t te n t io n a l  le a rn in g  th e o ry  i t  

must be concluded th a t  the  o lfa c to ry  and b r ig h tn e ss  components were 

e q u a lly  d isc r im in a b le . A c q u is itio n  d a ta  from th e  c o n tro l groups a lso
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suggested t h i s  same conclusion  as t r i a l s  to  c r i t e r io n  fo r  th e  o lfa c to ry  

groups were n o t s ig n i f ic a n t ly  d i f f e r e n t  from th e  b r ig h tn e ss  groups.

Rate o f a c q u is it io n  as a measure o f cue d is c r im in a b i l i ty  was p re v io u s ly  

used by Berkimer (1969) who s ta te d  th a t  th e  e f fe c tiv e n e s s  o f components 

of a compound cue s i tu a t io n  could be p re d ic te d  by th e  r e l a t iv e  r a t e  o f 

a c q u is it io n  o f th e  components p re sen ted  s e p a ra te ly . Thus in  two sep ar

a te  m easures o f  th e  r e l a t iv e  d is c r im in a b i l i ty  o f  odor as opposed to  

b r ig h tn e ss  cu es , th e re  was good agreem ent th a t  n e i th e r  was su p e rio r  to  

th e  o th e r . Although lo v e jo y ’s model could handle  th e se  r e s u l t s .o th e r  

th e o r ie s  o f s e le c t iv e  a t te n t io n  could n o t (M achintosh, 1965? S u th e rlan d , 

196U).

In te r p r e ta t io n  o f Experim ental Ss R esu lts

A comparison o f th e  t r i a l s  to  c r i t e r io n  between th e  experim ental 

Ss (those  w ith  compound cues p re se n t)  and th e  c o n tro l  Ss (th o se  w ith 

s in g le  cues p re se n t)  in d ic a te d  th a t  experim en tal Ss reached c r i t e r io n  

in  s ig n i f ic a n t ly  fewer t r i a l s  than  c o n tro ls .  T his r e s u l t  would be p re 

d ic ta b le  from L ovejoy 's  a t te n t io n a l  model s in ce  two p a i r s  o f eq u a lly  

d isc rim in ab le  cues have a g re a te r  p r o b a b i l i ty  o f be ing  attended  to  on 

any p a r t ic u la r  t r i a l  than a s in g le  cue. T h is r e s u l t  would su g g est, 

th e re fo re ,  t h a t  th e se  cues were used in  an a d d itiv e  fa sh io n . F u r th e r  

support fo r  t h i s  co n ten tio n  comes from th e  d a ta  in d ic a t in g  a stim u lus 

g e n e ra liz a tio n  decrement in  t e s t in g  w ith  s in g le  m odality  cues a f t e r  

t r a in in g  w ith compound cues (F igure 3)• Had th e se  Ss n o t used th e  r e l e 

van t cues in  an a d d itiv e  manner, th a t  i s  lea rn ed  th e  two d isc r im in a tio n s  

independen tly , th e  t e s t  perform ance w ith s in g le  components would have 

been equal to  th e  c r i t e r io n  perform ance during  t r a in in g  as L iu and
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Z e ile r  (1968) re p o rte d .

These r e s u l t s  a re  in  d i r e c t  c o n f l ic t  w ith th e  p re d ic t io n  th a t  was 

made in  terms o f S u th e r la n d 's  (196k) stim ulus an a ly zer h y p o th e s is . 

S u th e r la n d 's  p o s it io n  assumes th a t  organism s p o ssess  s tim ulus an alyzers  

th a t  a c t in  such a fa sh io n  th a t  on ly  one s tim u lu s  dim ension ( i . e . ,  

b r ig h tn e ss )  i s  a tten d ed  to  and lea rn ed  about in  a d isc r im in a tio n  s i tu a 

t io n .  S u th erlan d , however, based h is  h y p o th esis  la r g e ly  upon v is u a l  

d isc r im in a tio n  d a ta  from r a t s  , th e re fo re ,  i t  may be th a t  w ith in  a 

s in g le  m odality  th e  in fo rm atio n  p ro cess in g  mechanisms a re  such th a t  

on ly  c e r ta in  asp ec ts  o f th e  stim ulus complex may be le a rn e d . This 

s tudy , however, suggests th a t  th e  p re se n ta tio n  o f  r e le v a n t in fo rm ation  

to  more than  one m odality  w i l l  r e s u l t  in  th e  le a rn in g  o f s tim ulus r e l a 

t io n s  in  two dim ensions, b r ig h tn e s s  and odor. S ince S u therland  ( I 96I4.) 

and M ackintosh (1965) f a i le d  to  examine in term odal compound s tim u li ,  i t  

may be argued th a t  t h i s  study  in  no way p re se n ts  c o n f l ic t in g  d a ta  to  

t h e i r  th eo ry . Recent experim ental e f f o r t s  by Thomas (1969) and Thomas 

e t  a l .  (1970) have suggested th a t  even w ith in  th e  v is u a l  mode pigeons 

w il l  u t i l i z e  more than  one component o f a stim ulus compound. Using an 

o peran t paradigm th ey  found th a t  pigeons could develop d isc r im in a tio n  

s im ultaneously  w ith  both  c o lo r  and l in e  p o s it io n  s t im u li .  S w ita lsk i ,  

Lyons and Thomas (1966) used t h i s  technique and found a stim ulus gener

a l iz a t io n  decrement during  te s t in g  o f th e  component s t im u li .  Thomas 

(1970) th e re fo re  suggested th a t  organism s w il l  a tten d  to  a l l  s tim u li in  

a compound stim ulus s i tu a t io n  and th e  degree o f c o n tro l exacted  by th e  

components w il l  be r e f le c te d  in  the  g e n e ra liz a tio n  g ra d ie n ts  around 

th e se  s tim u li when th ey  are  te s te d  s e p a ra te ly  in  e x t in c t io n .  T h is p ro 

cedure was developed by Guttman and K alish  (1956).
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Aside from th e  f a c t  th a t  Thomas e t  a l .  (1970) employed a v ery  

s e n s i t iv e  operan t d isc r im in a tio n  technique and S utherland  (1961+) and 

M ackintosh (1965) based t h e i r  th e o r e t ic a l  p o s it io n s  on maze or jumping 

stand  d a ta , th e  main d iffe re n c e  between t h e i r  r e s u l t s  appears to  r e s t  

upon th e  d if fe re n c e  in  v is u a l  a b i l i t y  between r a t s  and p ig eo n s. T his 

again  se rv es  as a rem inder o f th e  warning by D river and Coming (1969) 

th a t  th e  sensory  p re d is p o s it io n  o f la b o ra to ry  Ss must be taken  in to  

account when th e o r ie s  a re  developed concerning th e  mechanisms of 

le a rn in g .

I n te r p r e ta t io n  of C ontro l Ss T e s t R esu lts

The t e s t  d a ta  from c o n tro l  Ss (F igure U) in d ic a te d  two sp e c if ic  

e f f e c t s  in  term s of th e  u t i l i z a t i o n  o f s tim u lu s  in fo rm ation  by r a t s .  

F i r s t  o f  a l l  i t  was apparen t th a t  the  r a t s  t ra in e d  w ith  odor cues in  an 

apparatus w ith  b lack  a l le y s  p re fe r re d  th e  b lack  a l le y  when te s te d  w ith  

b r ig h tn e ss  cu es . A subsequent c o n tro l group tra in e d  w ith odor cues in  

an apparatus w ith  w hite a l le y s  p re fe r re d  th e  w hite a l le y  during  a 

b r ig h tn e ss  d isc r im in a tio n . T his in d ic a te d  th a t  th e  r e s u l t s  o f  th e  

o r ig in a l  c o n tro l  group was n o t due to  th e  e f f e c t  o f  th e  b lack  a lle y s  

alone o r th e  r a t s '  g en era l p re fe ren ce  fo r  d a rk e r a re a s .  Thus, although 

th e re  was no d i f f e r e n t i a l  re in fo rcem en t o f th e  b lack  a l le y  something 

was lea rn ed  about th e  b lack  a l le y  to  cause t h i s  strong  p re fe re n c e . 

Thomas e t  a l .  (1970) re p o rte d  a s im ila r  phenomenon w ith  p igeons t r a in e d  

to  make a l in e  p o s it io n  d isc r im in a tio n  w ith  th e  l in e  superimposed upon 

a green background. When te s te d  on th e  stim ulus g e n e ra liz a tio n  around 

th e  green s tim ulus a sharp  g ra d ie n t was o b ta in ed , in d ic a t in g  a p r e f e r -  

ence f o r  green over o th e r  w avelengths. T his same procedure w ith  l in e
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angle as th e  co n sta n t stim u lus and wavelength as th e  d isc r im in a tio n  

v e r i f ie d  th e  g e n e ra l i ty  of th e se  re s u l ts . ,  P a te  (1967) a lso  found a 

s im ila r  e f f e c t  when r a t s  were fed  in  a b lack  box and subsequen tly  

te s te d  in  a b lack -w h ite  a l l e y  b r ig h tn e s s  d is c r im in a tio n . H is Ss con

s i s t e n t ly  p re fe r re d  th e  b lack  a l le y  during  th e  choice t e s t .  T herefo re , 

th e  r e s u l t s  o f Thomas e t  a l .  (1970) and P a te  (1967) to g e th e r  w ith th e  

r e s u l t s  o f th e  p re se n t study  c le a r ly  in d ic a te  th a t  an i r r e le v a n t  cue 

may be a ttended  to  by r a t s  in  th e  course o f le a rn in g  ano ther d isc r im in 

a tio n  .

Ss in  t h i s  group d isp lay ed  a  g re a t  d ea l o f  em otional b eh av io r when 

tra n s f e r r e d  from th e  odor problem to  th e  b r ig h tn e ss  problem . There was 

ex ten siv e  d e fec a tio n  and u r in a tio n  both  in  th e  s t a r t  box and in  th e  

a l le y  a f te r  th e  re sp o n se . Accompanying th i s  b eh av io r were v e ry  long 

response la te n c ie s  w ith some Ss tak in g  as long as 5 m inutes to  make th e  

f i r s t  resp o n se . While th e re  was no system atic  o r q u a n tif ie d  determ ina- 

t io n  o f t h i s  d is ru p tio n  o f respond ing , i t  does suggest th a t  th e  t r a n s f e r  

from an odor problem to  a b r ig h tn e s s  problem i s  s t r e s s f u l  f o r  r a t s .

T his may a lso  be c o n tra s te d  w ith Ss tra in e d  w ith  b r ig h tn e s s  and s h if te d  

to  th e  odor.problem  who did n o t e x h ib it  any such em otional b ehav io r or 

g r e a t ly  in c reased  response la te n c y .

The second s ig n if ic a n t  f in d in g  w ith reg a rd  to  th e  t e s t  perform ance 

of th e  c o n tro l Ss was th e  tendency f o r  those  Ss t r a in e d  w ith  b r ig h tn e s s  

cues and te s te d  w ith odor cues to  s ig n i f ic a n t ly  improve t h e i r  perform 

ance from t e s t  day one to  t e s t  day two. T his tre n d  may be c o n tra s te d  

w ith  th e  t r a in in g  perform ance o f naive  Ss who took an average o f fo u r 

days o f t r a in in g  to  reach  th e  l e v e l  of perform ance th a t  th e se  s h if te d
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Ss reached in  two days. According to  Lawrence (l9 li9 , 1950) t r a in in g  

w ith b r ig h tn e ss  cues should have made th e  b r ig h tn e ss  dimension th e  more 

d is t in c t iv e  dim ension fo r  th e se  Ss and perform ance w ith odor cues should 

have been re ta rd e d  u n t i l  o r ie n ta t io n  to  th e  b r ig h tn e ss  dimension had 

extinguishedo The same p re d ic tio n  would have to  be made by both  S u th e r

land  (196I4.) and M ackintosh (1965) according to  t h e i r  th e o r e t ic a l  p o s i

t io n s .  Again, however, th e  re sea rc h  o f Thomas (1969) and Thomas e t  a l .  

(1970) on in te rd im en s io n a l t r a n s f e r  problem s o f fe r s  some in s ig h t  in to  

the  r e s u l t s  o f th e  p re se n t s tu d y . For example, Eck,-Noel and Thomas 

( 1969) rep o rted  th a t  the le a rn in g  o f one d isc r im in a tio n  s ig n if ic a n t ly  

f a c i l i t a t e d  th e  subsequent le a rn in g  of a d isc r im in a tio n  in  another 

dim ension. They were again  u s in g  pigeons w ith  l i n e  angle and wavelength 

d isc r im in a tio n s . Based upon those  r e s u l t s  Thomas (1969) proposed th a t  

d isc r im in a tio n  t r a in in g  produces "a s e t  to  d isc r im in a te ” o r a "g en e ra l 

a t te n tiv e n e ss "  which f a c i l i t a t e s  d i f f e r e n t i a l  responding along a l l  s tim 

u lu s  dim ensions in c lu d in g  th o se  n o t invo lved  in  th e  t r a in in g .  Thomas 

e t  a l . (1970) suggested  th a t  t h i s  " a tte n tiv e n e ss "  i s  more g en era l than  

th e  in trad im en s io n a l le a rn in g  s e t  (Harlow, 19U9, 1959) . Thomas (1969) 

made th e  p o in t  th a t  t h i s  "g en era l a tte n tiv e n e ss "  e f f e c t  i s  seen during  

subsequent d isc r im in a tio n s  th a t  are "orthogonal" o r independent o f  th e  

o r ig in a l  d is c r im in a tio n .

S u therland  (196U) and M ackintosh (1965) ob tained  alm ost o pposite  

r e s u l t s  f o r  in te rd im en sio n a l t r a n s f e r s .  T his s i tu a t io n  may again be 

a t t r ib u te d  to  t h e i r  f a i lu r e  to  consider th e  sensory  p re d is p o s it io n  of 

th e  r a t  S s. This may serve as a good example o f  D river and C om ings'

(1968) warning a g a in s t developing a th e o r e t ic a l  framework around d a ta
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ob tained  from one sp e c ie s , responding to  s tim u li p re sen ted  to  a s in g le  

m odality , e s p e c ia lly  when th o se  s tim u li were chosen f o r  th e  experimen

t e r  1s conveni ence-

The p re se n t study  m eets Thomas's (1969) c r i t e r io n  f o r  o r th o g o n a lity  

on ly  in  th e  case o f b r ig h tn e s s  tra in e d  Ss s h if te d  to  an odor d isc rim in a 

t io n .  With th ese  Ss th e  r e s u l t s  support the f in d in g s  o f Eck e t  a l .

(1969) and extend Thomas's (1969) concept of g en e ra l a tte n tiv e n e s s  to  

in term odal t r a n s f e r  problem s as w ell as c o n tr ib u tin g  to  i t s  in te r s p e c i f ic  

v a l id i t y .

Im p lica tio n s  o f th e  Study

T his study  has c le a r ly  in d ic a te d  th a t  r a t s  can use sensory  inform a

t io n  concurreritly -from  d i f f e r e n t  m o d a litie s  in  le a rn in g  d isc r im in a tio n s . 

The qu estio n  of stim u lus p re fe ren ce  may no; longer be considered  an a l l  

o r no th ing  phenomenon w ith r a t s  a tten d in g  only  to  s p e c if ic  components 

o f a  complex a r ra y  o f  s t im u l i . In s te a d , w ith the  use o f in term odal com

pound s t im u li ,  re se a rc h  should be d ire c te d  toward th e  exam ination o f 

stim u lus param eters such as in t e n s i ty  and stim ulus com plexity . The 

p re se n t study  employed q u ite  sim ple s tim u li o f equal d is c r im in a b i l i ty  

and befo re  th ese  r e s u l t s  can be g en era lized  th ey  should be r e p l ic a te d  

w ith  s tim u li having d i f f e r e n t  degrees o f d is c r im in a b i l i ty .  The p re se n t 

r e s u l t s  suggest th a t  w ith t h i s  s i tu a t io n  th e  Ss should le a rn  about th e  

le s s  d isc rim in ab le  cue b u t n o t to  th e  e x ten t th a t  th ey  le a rn  about th e  

more d isc rim in ab le  cue. An e x ten tio n  o f t h i s  assum ption would p r e d ic t  

s tim ulus c o n tro l by both cues i f  o v e r tra in in g  t r i a l s  were employed.

This p re d ic t io n  i s  c o n tra ry  to  th a t  o f  M ackintosh (1968) who assumes 

th a t  o v e r tra in in g  in c re a se s  a t te n t io n  on ly  to  the  most d isc rim in ab le
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stim ulus dim ension.

The r e s u l t s  o f th e  c o n tro l Ss t e s t  t r i a l s  suggest f u r th e r  re se a rc h  

w ith in term odal t r a n s f e r  problem s. These should  be designed to  a sc e r 

t a in  whether th e  p o s i t iv e  in te rm odal t r a n s f e r  e f f e c t  no ted  in  t h i s  s tudy  

i s  l im ite d  to  c e r ta in  " e a s i ly  d isc rim in ab le  s tim u li"  w ith in  m o d a litie s  

o r whether le a rn in g  an easy  d isc r im in a tio n  in  one m o d ality  w i l l  f a c i l i 

t a t e  th e  le a rn in g  o f a d i f f i c u l t  d isc r im in a tio n  in  ano ther m odality .

F in a l ly ,  th e  le a rn in g  o f m u ltip le  cue r e la t io n s  and th e  t r a n s f e r  of 

t h i s  le a rn in g  to  o th e r s tim ulus problems should be in v e s tig a te d  w ith 

e c o lo g ic a lly  s ig n i f ic a n t  s tim u li in  o rd e r f o r  th e  r e s u l t s  o f  t h i s  study  

to  have any v a lu e  in- a com parative a n a ly s is .  T his e c o lo g ic a l an a ly s is  

should p rov ide  p a r a l l e l  r e s u l t s  to  t h i s  study s in ce  th e  le a rn in g  o f 

m u ltip le  cue r e la t io n s  would have a d i s t i n c t  b io lo g ic a l  advantage in  a 

changing environm ent. T his has been shown by Beach (1956) to  be the  

case  w ith m ating behav io r in  th e  r a t .  He found th a t  no s in g le  sensory  

m odality  was c r i t i c a l  f o r  m ating and le s io n s  o f a t  l e a s t  two sensory  

m o d a litie s  was n ecessa ry  to  b lock  m ating .



CHAPTER V

SUMMARY

Hooded r a t s  were tra in e d  to  a c r i te r io n  of two su ccess iv e  days o f 

e ig h t o r more c o r re c t  responses ou t o f  te n  in  a two choice G rice type 

d isc r im in a tio n . They were sup p lied  w ith  a '..re levan t p a i r  o f b r ig h tn e s s  

cues (w hite a l le y  v e rsu s  b lack  a lle y )  and a re le v a n t p a i r  o f o lfa c to ry  

cues (pure e x tr a c ts  o f orange and w in te rg re e n ). A fte r  reach in g  c r i t e r 

io n  th e se  Ss were given two successiv e  days o f ten  t e s t  t r i a l s  p e r  day 

w ith h a l f  th e  Ss te s te d  on on ly  th e  b r ig h tn e s s  component and h a l f  on 

th e  o lfa c to ry  component. In  o rd e r to  determ ine th e  r e l a t iv e  d isc r im in 

a b i l i t y  o f th ese  c u e s /  c o n tro l groups were t r a in e d  w ith e i th e r  th e  

b r ig h tn e ss  o r th e  o lfa c to ry  component a lo n e . These Ss were th en  given 

t e s t  t r i a l s  w ith  e i th e r  th e  same cues t h a t  were used in  t r a in in g  or 

s h if te d  to  th e  cues from th e  o th e r  m o d ality .

Recent re sea rc h  has in d ic a te d  th a t  o lfa c to ry  s tim u li  a re  q u ite  

im portan t in  rep ro d u c tiv e  and m aintenance behav io r o f th e  r a t  and th a t  

r a t s  a re  adep t a t  so lv in g  v ario u s  o lfa c to ry  problem s. I t  was th e re fo re  

hypothesized  th a t  i f  th e  o lfa c to ry  m o d ality  t r u l y  re p re se n te d  a p re 

p o te n t mode of o r ie n ta t io n  in  th e  r a t ,  th en  an o lfa c to ry  cue would be 

u t i l i z e d  to  a g re a te r  e x te n t than  a v is u a l  cue when bo th  are  p re sen ted  

c o n c u rre n tly .

The r e s u l t s  o f experim en tal Ss t e s t  t r i a l  perform ance in d ic a te d  

th a t  th e  r a t s  had lea rn ed  bo th  th e  o lfa c to ry  and th e  b r ig h tn e s s  d i s 

c r im in a tio n  and th a t  th e re  was no s ig n if ic a n t  d if fe re n c e  between th e
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perform ance o f th e  o lfa c to ry  and th e  v is u a l  groups. There was, however, 

a s ig n i f ic a n t  re d u c tio n  in  perform ance du rin g  th e  t e s t  t r i a l s  o f both  

groups when th e se  t r i a l s  were compared w ith perform ance a t  c r i t e r io n  

du ring  t r a in in g .  T h is suggested  th a t  th e re  was an a d d i t iv i ty  e f f e c t  o f 

th e  cues used during  t r a in in g  w ith th e  compound. Since both  th e  o lfa c 

to ry  and th e  v is u a l  t e s t  groups perform ed a t  about th e  same le v e l  i t  

may be assumed th a t  th e se  cues were e q u a lly  d isc r im in a b le . T his assump

t io n  i s  f u r th e r  supported by th e  t r i a l s  to  c r i t e r io n  a n a ly s is  w ith in  th e  

c o n tro l group th a t  in d ic a te d  th a t  Ss t ra in e d  w ith  th e  o lfa c to ry  cues 

reached c r i t e r io n  in  about th e  same number o f  t r i a l s  as  th e  Ss t ra in e d  

w ith  b r ig h tn e s s  cu es . I t  i s  th e re fo re  concluded th a t  while th e  o lfa c to ry  

and v is u a l  s tim u li  employed in  t h i s  s tu d y  are  e q u a lly  d isc rim in ab le  th e  

r a t s  had no d i s t i n c t  p re d is p o s it io n  to  use one cue in  p re fe ren ce  over 

th e  o th e r .  The r e s u l t s  o f c o n tro l Ss t e s t  t r i a l s  in d ic a te d  two s ig n i f i 

c an t e f fe c ts s  l )  Ss t r a in e d  w ith odor cues in  a  b lack  appara tus p re 

f e r r e d  th e  b lack  a l le y  over th e  xdiite when te s te d  w ith  b r ig h tn e s s  

s t im u li ,  and 2) Ss t ra in e d  w ith  b r ig h tn e s s  cues and te s te d  w ith  odor 

cues responded a t  chance le v e l  during  th e  f i r s t  t e s t  day b u t improved 

s ig n i f ic a n t ly  during  th e  second t e s t  day. The f i r s t  e f f e c t  suggests  

t h a t  r a t s  a re  capab le  o f le a rn in g  about n o n d if f e r e n t ia l ly  re in fo rc e d  

s tim u li during  th e  course o f le a rn in g  a d isc r im in a tio n . The second 

r e s u l t  was in te rp re te d  in  term s o f a g en era l a t te n t io n a l  p ro cess  th a t  

may f a c i l i t a t e  success iv e  d isc r im in a tio n s  xdth  cues from d i f f e r e n t  

m o d a li t ie s .
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APPENDIX



DESCRIPTION OF APPARATUS

The ap para tus c o n s is te d  o f a m o d ifica tio n  o f th e  G rice Box. Three 

such appara tuses were used . A ll s id e  and i n t e r i o r  6 in .  h igh  w a lls , 

and f lo o r s  were c u t from \  i n .  th ic k ,  c le a r  p le x ig la s .  The g u i l lo t in e  

door sep a ra tin g  th e  s t a r t  hox from th e  a l le y s  was made of two aluminum 

u p rig h t channels , a  top  c ro ss  p iec e  of \  i n .  p le x ig la s  and a door of 

i n .  hardware c lo th .

The s t a r t  box was 10 i n .  deep and in .  w ide. P ro je c tin g  a t  r ig h t  

angles to  e i th e r  s id e  o f th e  s t a r t  box were 3 i n .  wide p an e ls  which 

served to  cover th e  end of th e  a l le y  n o t then  fac in g  the  s t a r t  box.

This kep t th e  odor in  t h i s  a l le y  from re a d i ly  escap in g . The c le a r  p le x 

ig la s  top was p iano hinged a t  th e  back o f th e  box and a t  r ig h t  angles 

to  th e  p lane o f th e  top so th e  r a t  could n o t see. th e  h inges and con

v e rse ly  th e  h inges h id  no th in g  from our view. The g u i l lo t in e  door was 

a ttach ed  to  th e  in s id e  edge of th e  f ro n t  o r opening o f th e  s t a r t  box.

The th re e  a l le y s  were 3 i n .  wide and 11 3A  i n .  deep in s id e .  The 

th re e  a l le y s  had one l i d  in  common which was a lso  o f \  i n .  c le a r  p le x i 

g las  and hinged l ik e  th e  l i d  o f th e  s t a r t  box. 'When bo th  l i d s  were 

c lo sed , th ey  r e s te d  on % i n .  wide and th ic k  s t r i p s  o f p l a s t i c  foam 

glued to  the  top edge o f a l l  w a lls .  The w eight o f  th e  l i d s  and th e  way 

they  were hinged allow ed them to  r e s t  evenly  on th e  foam and s l i g h t ly  

compress i t  which helped  to  form an a i r  s e a l between the  o u ts id e  a i r  

and p rev en t passage o f a i r  between a l le y s .

The th re e  a l le y s  a lso  shared a common f lo o r .  The f lo o r  was mounted 

on two \  i n .  p le x ig la s s  ru n n e rs , which in  tu rn  were s e t  in  aluminum



ch annels . For m echanical rea so n s , th e  u n i t  w ith  th e  th re e  a l le y s  s l i d  

hack and fo r th  r a th e r  than, th e  s t a r t  box. The channels in  which i t  

rode were o f such a len g th  th a t  s l id in g  th e  a l le y  u n i t  to  e i th e r  extreme 

of i t s  t r a v e l  a u to m a tica lly  a lig n ed  two a l le y s  w ith  th e  door o f th e  

s t a r t  box. The s t a r t  box was r a is e d  to  a h e ig h t equal to  th e  a l l e y  so 

th e i r  f lo o r s  were f lu s h .

On th e  c e n te r  l i n e  o f each a l le y  and 3/U i n .  from th e  end of each 

a l le y ,  th e re  was a removable w ater cup. These cups were \  i n .  in  diam

e te r  an d .7/16 i n .  h ig h . They were h e ld  in  p o s it io n  by a s p l i t  s k i r t  

r i v e t  which p ro truded  through th e  bottom  o f th e  cup and f i t  snugly in to
j "

a h o le  d r i l l e d  in  th e  f lo o r  o f th e  a l le y .  This arrangem ent made fo r  

easy , ra p id  removal and r e in s e r t io n  o f th e  cups f o r  dry ing  and c lean in g . 

The cups were o f s u f f ic ie n t  s ize  so th a t  when loaded  w ith 1 c c . o f w ater 

by means of a hypodermic sy rin g e , th e  w ater le v e l  was below th e  l i p  o f 

th e  cup.

Three tra n s lu s c e n t  r ig h t  angled p ip es  p ro je c te d  from th e  end o f the  

a l le y  chamber. Each o f th e se  2 i n .  O.D.,  1 3/U i n .  I . D .  p ip es  le d  in to  

th e  ce n te r  o f  th e  end w a ll o f  one o f  the a l le y s  w ith the  c e n te r  o f th e  

p ip e  1'2 in .  above th e  f lo o r  o f th e  a l le y .  The r a t s  were p reven ted  from 

s tic k in g  t h e i r  heads in to  th e  p ip e  as th e  openings were covered by a 

F ran k lin  M etal and Rubber Co. Sink S tra in e r  and Crumb Cup made o f n y lo n . 

The l i p  o f th ese  cups were 2 i n .  in  d iam eter w hile th e  bottom  of th e  

cups were 1 9/16 in .  deep. With th e  cup p a r t  p ro je c t in g  in to  th e  p ipe  

th ey  were easy  to  c le a n , alm ost chem ically  i n e r t ,  w ell p e rfo ra te d  and 

o ffe re d  no purchase f o r  a r a t ' s  t e e th .

The th re e  p le x ig la s  p ip e s  extended h o r iz o n ta lly  3 i n .  beyond th e  

w all o f  th e  a l le y s  and th en  ro se  %  i n .  v e r t i c a l l y  along t h e i r  lo n g e s t
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