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i 
F i e l d  o b s e r v a t i o n s  of i m i t a t i o n  a m n g  ,macbq6e 

. p .  1 
monkeys s u g g e s t  t n a t  d i r e c t i o n  of i m i t a t i o n  i s  4n f luenced  

f 
by dominance s t a t u s .  i n ' t r ~ e  p r i m a t e  t r o o p .  how eve^, the 

o b s e r v e d  r e l a t i o n  of s t a t u s  and spread o f  n o v e l  ber iavior  

ad t h rough  i m i t a t i o n  l e a r n i n g  cm be a t t r i b u t e d  t o  d i f s e r e n c e s  
9 

i n q r i o r  m o t i v a t i o n  a n d / o r  ~ p p o r t u n i t y  f o r  o b s e r v i a g t h e  -- 

social modei. 
, 

4 
/ 

. I n  o r d e r  t o  a n a l y z e  t n e  e f f e c t  ofdominance upon 

P 
i m i t a t i o n ,  d y a d i c  dominance r e l a t i o n s  w d r& a s s e s s e d  i n  two i * 
groups  of 1 6  p  macaques (M.. n e m i s t r i n a ) .  3 o t n  grou2s 

had r i g i d l y  l i n e a r  dominance h i e r a q c h i e s .  Four nign r a n k i n g  

1 a n d  f o u r  low r a n k i n g  members , o f  eacn  group w e r e  selectedil.%s 

s u b j e c t s  f o r  a n  o b s e r v a t i o n a l  1 e a r n i n g  expe r imen t ,  u s i n g  a 
a '. 

complex c u e d - a l t e r n a t i o n  t a s k .  An an ima l  o f  middle  st  a t u s  * a  

was s e l e c t e d  frsp, o n e  g m u p  t o  be t r a i n e d  as a model. 

MembePs of the model ' s  group w e r e  exposed t o  h i s  p e p f o m a n c e  

p r i o r  to e a c h  o f  f i v e  s u c c e s s i v e  t r a i n i n g  s e s s i o n s .  Members 

o f  t h e  o t h e r  group r e c e i v e d  comparable t r a i n i n g ,  bu t  d i d  n o t  . . 
-- - - - - -- - - -- - - - o b s e r v e  a m d e l .  ' 

-- -- 

i m i t a t i o n  l e a r n i n g  fo r  b o t h  n i g h  and l o w  s t a t u s  s u b j e c t s .  

- 
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? 

II 
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' i n  l a t e n c y  of 1n1$1d *poke  .-. O f o r  e a h  se-, .anti 

p e r c e n t a g e  correct perEormar?ce d u r i n g  l a t t e r  s e s s i o n s  o f  7 

m 

t r a i n i n g ,  Exposure t o  tne model r e s u l t e d  i n  f a s t e r  e l i -  

e n a t i o n  of t ime-out  errors, b u t  had no e f f e c t  upon the 
Q - * 

Y l h i n a t i o n  o f  a l t e r n a t i o n  e r r o r s .  High s t a t u s  monkeys : b 

* responded  more frequently and had  a n i g n e r  p e r c e n t a g e  o f  , 

f . . 
I t ime-out  ermr5 i n . b o t h i & t _ a t i o - - ? d - n n ~  

\ 
&iQ.n 

1 

C i l e a r n i n g  groups .  
. . 

R e s u l t s  a r e  d i s  u s sed  i n  terms of p r i o r  social 
-- -- - - - -, -- - 

e x p e r i e n c e  of t h e  s u b j e c t s  , g e n e r a l  r e s p o n s e  s t r a t e g i e s ,  - 
and d i f f e r e n t i a l  s e n s i t i v i t y  t o  m u l t i p l e  r e i n f o r c e m e n t  

* 

c o n t i n g e n c i e s .  The  e x p e r i m e n t a l  f i n d i n g s  a m  related t o  
i B 
e t h o l o g i c a l  c o n c e p t s  Q& i m i t a t i o n ,  and  f i e l d  r e p o r t s  on . .T,, 

social d e t e r m i n a n t s  o f  p r i m a t e  p m - c u l t u r e .  
- / 

B .-,- 
- 
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r 
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C 
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ilorm&! p r i m a t e  l e a r n i n g  and a e v e l o p n e n t  o c c u r  ' 

w i t h i n  a social c o n t e x t .  i n  o r d e r  t o  s u r v i v e ,  t h e  i n f a n $  
- 

must a d a p t  t o  t h e  group. " . iu ru iva l  r e q u i r e s ,  it t o  l i v e  
P 

s o c i a l l y  and, ? reg rn inen t iy ,  t o  learn s o c i a l l y ,  .and . to  c o  . 

\ . - .  so n o t  o n l y  i n  the l o n g  p e r i a a  of i t s  dependence 'and - 

- -- -. - - - - - - - --- - - - -- 
-. growth ,  b u t  a l s o  t n r o u g r l o u t  i t s  l i f e . "  (iiall, 1368, p .  381. 

% 

id though* tne i m p o r t a n c e  o f  s o c i a l  l e a r f i g  i n  p r i m a t e  
0 .  

on togeny  i s  w e l l  documented by f i e l d  r z s e a r c a  ( I t m i ,  1958;  
. * 

Kawamura, 1 9 5 9 ,  1953;  das;lburn E DeVore, 1901 ;  Soutnwicrc, 
-, - 

1363;  Kawai, 1963 ,  1 9 % ;  Goodal-1, 1956,> 1968;  k;uminer, 13671,  
-- - 

6 .  ' d e t a i l e d  analysis o f  such  l e a r n i n g  :,as been hindered.by - 

me t h o d d l o g i c a l  c o n t r o v e r s y  . 
, a - 

4 . 1  

. H a l l  (13681 ,  i n  a c r i t i q u e  of a r l j  e x g e r i m e n t a l  

r e a e a r c n  and trieory, d i s c u s s e d  the a n a l y s i s  o f  - 2 r ima te  
# 

L. 

l e a r n i n g  as. t h e  e s s e n t i a l  c o n t r i b u t i o n  o f  p y c n o l o g y  t o  
$. 

tne study o f  p r ima to logy .  iie a r g u e d  t h a t  l a c k  of know- 
+- & 

l e d g e  r e g a r d i 6 g  2 r k a t e  &gaming i s  a d i r e c t  r e s u l t  o f  

conceptual. ,  and pmced-ural  r e s t r s c t i o n s  imposed i n  psycno- 
r- * - - - -- - - - - - - -- - - -- - -- - - --- - -- 

% - " 

l o g i c a l  r e s e a r c h .  " ~ n e '  p r i n c i p l e s  oaf , l e amn ing ,  as w e  
----- x - -  

7 - - - -  - 

know tnem f rom s t a n d a r a  texts; s t i l l  h a v e .  a srornewnat - 
2 

nar row s p e c i e s  and s i t u a t i o n a l  r e f e r e n c e ;  it i s  n o t  v e r y  - -- - -_ 
r v '* 

P 

- 
> 

i .- 



d . . 
c l e a r  then .now n a ' t u ~ a l i s t i c  s o c i a l  s t u d i e s  and  e ipe r imen-  

J 
'* 

t a l  s t u d i e s  can be %teg ra t ea . " '  ( . I & l ,  1968 ,  p ,  3 8 3 7 .  - .  
. 

i i a l l  q u e s t i o n 5 d  whe tne r  e x p e r i m e n t a l  r e s e a r c h  gave ade- 

q u a t e  c o n s i d e r a t i o n  t o  t n e  . s o c i a l  n a t u r e  o f  t n e ' a n i m a l  
C 

b e i n g  s t u d i e d .  The e x p e r i m e n t a l  a n a l y s i s  of l e d m i n d  

- -- - - -- -- i ~ s ~ ~ ~ ~ - l + i ~ 0 l - a ~ e c l - ~ ~ ~ m a t ~ ~ c a n - b e - & l e i ~ d i ~ ~ - 5 e c a y ~  
\ 

\ 

. p r i m a t e  per formance .  i s  u s u a l l y  i n f l u g n c e d  ~ b ~ s o c i a l  pa ra -  
-? 

mete r s  o f  t n e  n a t u r a l  grou?. i i a l l  conc luded  t h a t  nav ing .  
a .  - - _ *  _ _ - - - - - - - - - - -- - --- - - ---- - p--ppp 

f a i l e d  t b  i n v e s t i g a t e  s o c i a l  d e t e r m i n a n t s  o f  l e a r n i n g ,  
m 

* * '. psyc i lo log ica l  /;'assessments of r e l a t i v e  l e a r n i n g  a b i l i t y  - i f .  
C 

Z 

o r  ' i n  ce' i n  t h e  non-human p r i m a t e s  are u s u a l l y  

. i r r e l e v a n t  and i q a c c u r a t e . "  (ha l l . ,  1968,  p. 384). - !i I 
. "  

%-Mason (196*8), r e p l y i n g  t o  H a l l ' s  c r i t i q u e  of 

p s y c h o l o g i c  1 r e s e a r c h  ,, c l a imed  t h a t  h i s  c o n c l u s i o n  

" d i s m i s s e s  e x p e r i m e n t a l  l i ~ e r a t  urp  too quicic ly ,  and vy 
+ , 

i m p l i c a t i o n  p l a c e s  it o u t s i d e  t h e  , r e a l m  of p o t e n t i a l l y  -: 
0 

u s e f u l  i , n f o r m t i o n  at tne v e r y  t ime  when we-  most need  a 
C 

- A  

. c a r e f u l  and ~ a l a n c e d  a p p r a i s a l  of i t s  s i g n i f i c a n c e . "  . 

(Hason,  1968,  p a  399). Mason arg;ed that l a b o r a t o r y  

a n a l y s e s  of p r i m a t e  l e a r n i n g  dkould  supplem&nt: e x t e n d  

and difect  f i e l d  - f i n d i n g s ,  - >- - However, - -- - hehwas - -- f o r c e d  - -- -- to  - a g r e e  - - - -- 

t h a <  i n  gene- " expe r imen ta l  r e s e a r c h  h a s  n o t  h e l p e d  t n e  
, - - - - - - - - - - 

. ,  / 
' f i e l d w o r k e r  much i n  t h e  conduc t  o f , h i s  resea* or  i n  t h e  ' _ c. 

i n t e r p r e t a t i o n  of his ' r e s u l t s ,  n o r  have  d a t a  c o l P e c t e a  i n  

.. \ .* 

\ 

-- 
- - - 
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tile f i e l d  nad an i m 2 o r t a n t  

. . 
. for e x p e r i m e n t a l  i n v e s t i g a t i o n '  in- t h e  laboratory. " -(Mason, 
7 .  . *  . -1960, 9. 400).  ' Tne d i s p a r i t y  between these '  t w o  approaches  

- - t o  soc ia l  l e a r n i n g  i s  w e l l  i l l u s t r a t e d  by comsar ing  e x p e r i -  - 

e -mental1  and n a t u r a l i s t i c  ' s t u d i e s  o f  p r i m a t e  i m i t a t i o n .  
4 - 1 

u-.----a-u - - -- -A- - - 
4 P r i m a t e  ~ m i t a t h n  

The p r imary  purpose  o f  e x p e r i m e n t a l  l a b o r a t o r y  
- - - 2 - - - - - - -  - 

s t u d i e s  o n  p r i m a t e  i m i t a t i o n  h a s  Deen t o  a s c e r t a i n  wne tne r  

% " a p a r t i c u l a r  s p e c i e s  i s  a l e  t o  l e a r n  th rough  i m i t a t i o n .  
I . b 

8 Tne s t a n d a r d  'method used  i n  such s t u d i e s  i s  t h e  obse rva -  ' 

t i o n a l  learning parad igm (Crawford I. Spence,  1 9  39 ; D a r ~ ; ; ,  ' i 
b 

1959;  Darby E R i o y e l l e ,  1359;  i i a l i ,  1963 ,  13b8;  Humbaugh, 
t 

1970  1. T h i s  p r o c e d u r e  e n t a i l s  t n e  use- o f  a t r a i n e d  an imal  
J 

.as  a model (MI and  a n a i v e  an imal  as an o b s e r v e r  ( 0 ) .  O - - - 
. wafAcnes - M perform, a n d  i s  s u u s e q u e n t l y  . t e s t e d  t o  ae t e rmine  

i f  exposu re  t o  24 r e s u l t s  i n  more_ . rap id  r e s p o n s e  a c q u i s i t i o n  - 
o r  i n  fewer  errors on  t h e  e x p e r i m e n t a l  2roslem.  - According 

.to H a l l ,  " p o s i t i v e  r e s u l t s  i n  s u c n  a p rocedure  are a direct 
4 

c o n f i r m a t i o n  of f i e $ d  o ~ s e r v a t i o n s ,  and add  n o t h i n g  t o  o u r  
I 

47 
knowledge .of  social l e a r n i n g . .  . . 0.n t h e  o t h e r  hand, a 

- - - - -- --- 
- % 

n e g a t i v e  r e su l t . - .  . . can u s u a l l y  be a t t r i b u t e d  t o  some factor,  
-- - - -- -- - - - 

such as - 0's i n a t t e n t i o n , -  and canno t  se d e x p l a i n e d  aq, an i n -  

1 

& .*. - w 

Y 

4 :. 
w 

. - i -. 
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* 
a o i l i t y  t o  learn by observing." ( H a l l ,  1968,  p. 392). f 

- An exper imen ta l  comparison o f  i m i t a t i o n  i n  t w o  - 
chimpanzees i s  e s p e c i a l l y  i n t e i e s t i n g  i n  r e l a t i o n  to  Hall 's  

gP 4 

emphasis on social &te rminan t s  of o b s e r v a t i o n a l  l e a r n i n g .  

Hayes and Hayes (1952 r e p o k e d  t h a t  ' the:r home-raand 

I 
b c h i m p n z e e ,  Vickie ,  r e a d i l y  i m i t a t e d  a f t e r  be ing  shown - 

-- ----A - t.- - -- -- 

s o l u t i o n s  t o .  v a r i o u s  puzz les .  However, a cage-reared . 
l a b o r a t o r y  animal  d i d  n o t  b e n e f i t  from o b s e r v i n g  the s o l u t i o n s  

V 

to these ;am- proo-lems. Rumbaugh (19  703 ,-reviewing-these t 
f i n d i n g s ,  concladed f h a t  !'chimpanzees must have c e r t a i n  

k i n d s  o f  i n t e r a c t i o n s  wi tn  t h e  environment i n  o r d e r  t o  - Z 

develop whatever  i m i t a t i v e  c a 2 a c i t y  t n e i r  h e r e d i t y  might 

a l low.  These" o b s e r v a t i o n s  reporited by Hayes and IiayeS 

a r e  o f  ' cons iderable  v a l u e ,  and p lace  i n  p r o p e r  p e r s p e c t i v e  

tihe f r equen t  f a i l u r e  t o  o b t a i n  i m i t a t i o n  wi th  animals  r a i s e d  
\ 

and t e s t e d  i n  r a t n e r  b a r r e n  environs,." (Eurnbaugh, 1970, 

2. 26). HaPl (1967) p rov ides  a'similar argument, but 

s t r e s s e s  t h a t  sucn' i n t e r a c t i o n  must be s o c i a l  i n  n a t u r e .  
9 

I n  c o n t r a s t  t o  exper imenta l  emphasis on demons- 

t r a t i n g  i m i t a t i o n ,  p r ima te  f i  r e s e a r c n .  u s u a l l y  a t t empts  

- A examine i m i t a t i v e  behavior  as p a r t  o f  i n d i v i d u a l  aaapta-  ' . 

- - - - -- - - -- A -- -- - - - - - - --- -- 

t i o n  t o  a par&cular environmental  demand. The emphas'is 
-- Y . : !  

n a t u f Z l r f s t i c  s t u d i e s  i s  upon t h e  k inds  of behav io r  i m i t a t e d  

. arid t h e  r e l a t i o n  o f  i m i t a t i o n  t o  0the.r  forms o f  s o c i a l  i n t e r -  
7 

b 
* 

. . 

Q 



a c t i o n .  Fo r  example,  i i a l4  and Goswell  (1964)  -ported 

t h a t  young p a t a s *  monkeys a v o i d  a p r e v i o u s l y  b o s i t i v e  

s t i m u l u s  a f t e r  o b s e r v i n g  t n e i r  mother  =act f e a r f u l l y  t o  

it. I i a l l  (1963').,described i n f a n c y  as a c r i t i ca l -  p e r i o d  '- 

---+- --- f o r  t h e  developmeni'*~f o b s e r v a t i o n a l  l e a r n i n g .  It is 
Y '  

d u r i n g  t h i s  t i m e  t h a t  p r i m a t e s  a c q u i r e  g roup  s p e c i f i c  food 

h a b i t s ,  t r a v e l  r o u t e s  and s o c i a l  r e l a t i o n s h i p s .  A d 1 1  sug- 

-- - g e s t e  d tEat  SUCK knoaeage IsslZamed p r i m a r i l y  tM ugil 

i m i t a t i o n ,  and  t h a t  subsequen t  t e n d e n c i e s  f o r  o b s e r v a t i o r t a l  
.-- 

l e a r n i n g  are i n f l u e n c e d  by t n i s  e a r l y  l e a r n i n g .  

,7 ". The m o s t  e x t e n s i G e  s t u d y  .of i m i t a t i o n  h n g  f e r a l  

p r i m a t e s  n a s  been conduc ted  by members t h e  Japanese  
- 

Monkey C e n t e r  CKawamura, 1959 ,  1 9 6 3 ;  dawai, 1963 ,  1 9 5 6 ;  
P * 

Tsumori ,  1967;  ~ r i s h ,  1968) .  During n e a r l y  twen ty  y e a r s  

o f  o b s e r v a t i o n ,  t n e s e  r e s e a r c n e r s  have r e p o r t e d  a s e r i e s  

o f  nove l  b e n a v i o r a l  phenomena which are i d i o s y n c r a t i c  t o  

s p e c i f i c  t r o o p s  o f  J a p a n e s e  macaque monkeys ( M .  f u s c a t a )  . 
Most o f  t h e s e  b e h a v i o r s  e n t a i l  unique f o o d - r e l a t e d  r e sponses  

wnich have deve lopea  i n  v a r i o u s  t m o p s  as a r e s u l t  o f  pr6- 

v i s i o n i n g  t e c h n i q u e s .  S i n c e  t h e s e  ~ e h a v  ors  nave been i m i -  C 
- - - - - - - - - - - - - A- -- - -- - - - - - - - - - - 

t a t e d  by a m a j o r i t y  o f  t&op members, and as a r e s u l t  d i s -  
-- -- - - 

t i n g u i s n  t h e s e  t r o o p s  f r o m  o t n e r  c o n s p e c i f i c  g roups ,  t n e  

s p r e a d  o f  such  b e h a v i o r  has been r e f e r r e d  t o  as > r e - c u l t u r a l  

a d a p t a t i o n  ( K a w a i ,  1956;  Kurnmer, 1971) .  F i e l d  r e p o r t s  have 



L ,  
8 

r e l a t e d ,  t h e  p r o c e s s  o f  p r c t c u l t u r a l  a d a p t a t i o n  to  v a r i o u s  

. a s p e c t s  o f  rnaqque.' s o c i a l  o r g a n i z a t i o n  - i n c l u d i n g  ' sex,  a g e ,  

k i n s n i p ,  a f f i l i a t i v e  bonds and Qominance. s tatus.  * i Y  

. ~ u r i n g  t h e  lgSO's ,  Kawamura (1959 ,  4963) p ~ v i -  
- 

s i o n e d  t h e  t r o o p  o f  macaques on  Koshima Islet  by d i s t r i -  - - - - - - 

u u t i n g  sweet p o t a t o e s  on  t h e  beaches .  A young fernale,  16 

* 
1 

montns o l d ,  d i s c o v e r e d  t h a t  s a n d  c o u l d  be ' removed  from t n i s  --. 
- - 

. fob d ay wishif&+- l t - i n  tne-sXcEi;7 . r  ~ r i g i n a t o ~ ~ s ~ f = i l y  and 

age-mates were t h e  f i r s t  t o  imitate t h i s  washing benavior .  
+ 2 

N a x t  r o t h e r s  of t n e s e  age-mates,  and t n e ?  o l d e r  j u v e n i w  , - 
'r . * 

a c q u i r e d  t h e  n a o i t .  A f t e r  f i v e  y e a r s  o f  i n d i v i d u a l  p m p a -  
% 7 , . g a t i o n  of  t h e  nove l  wasning benauior ,  o n l y  18% .of t h e  dam& - - 

- - - -  _ - _ A  - - -  
- - 

n a n t  an ima l s  o v e r  t n e  age o f  seven  y e a r s  nad  a c q u i ~ . d  t n e  
-3 

n a b i t  - and t n e s e  were a l l  f ema le s  who mst l i k e l y  had 
G 

im i t a tGd  t h e i r  o f f s p r i n g .  Toe si)read of po ta to-washing  

t n m u g h  t n e  t r o o p  w a s  a s l o w  p k ~ e s s  which seemed t o  o c c u r  
> ' 

w i t n  younger  and - less sominant  -an imals  &st. . -- -- - 
A second  example of pre -cu l  tur&..de veloPrrit:n 

d e s c r i b e s  t n e  a c q u i s i t , i o n  o f  a Wheat e a t i n g  h a b i t  i n  t n e  A 
1-Iinoo08 t r o o p  o f  J apanese  macaques.4 J apanese  r e s e a r c n e r s  

- 
7 - 

- - -  - &--  -- - - - -- - - - - - - -- 

nad  d i s c o v e r e d  t h a t  it w a s  ex t r eme lv  d i f f i c u l t  t o  esta- - 
- - 1 T 

4 
t 

~ l i s n  new food  h a b i t s  i n  a s t a k e  g m u 2  o f  monkeys, Gnerreas 

i t  w a s  r e l a t i v e l y  s i m p l e  t o  a l ter-  t h e  f e e d i n g  ~ e h a v i o r  of 

i s o l a t e d  i n d i v i d u a l .  Sav ing  c a p t  u r e a  and 

( ;: .- 

i s o l a t e d  a 



to e a t  wneat.  A f t e r  r e t u r n i n g  t h i $  an ima l ,  t n e  e n t i r e  trocjr 

was 2 r o v i s i o n e d  w i t h  wneat .  k'i triin f o u r  . lours . a f te r  a n e a t  
I - 

was provic&d, every t r o o p  mcmaer r , a d . a c q u i r e d ' t n e  new 
r 

ficeding h a b i t .  of tile nove l  a c t i v i t y  i n  t n i s  

example,  w i t n  dominant male as b e  model, 

* 
b e n e f i t  from exposu re  t o  t n e  n o v e l  a c t i v i t y .  

r a l  development silg,est 
-- 

\ 
'a 2 o s s i b l e  s t a t u s  w i t n i n  

tile social a m n g  f e ra l  
\ 

- - -  - -  - -  macaque- monkeys. Sum- a ~se l a ' t i ons . l i p  would not  z~e -incon- - -  - 

s i s t e n t  w i t n  Hall's s p e c u l a t i o n  tha t  d u r i c g  i n f a n c y ,  ?rimate5 

. . 1 
not o n l y  a c q u i r e  n o v e l  b e h a v i o r s  tnmugil  i m i t a t i o n ,  b u t  a l s o  

deve lop  t e n d e n c i e s  t o  i m i t a t e  g $ r t i c u l a r  g roup  members. 

. These r e p o r t s  on  i m i t a t i o n  among macaques, as srell as 
7 

similar e v i d e n c e  from a group o f  c a g t i v e  cnimpanz2es,  nave 
I 

l e d  t o  s u g g e s t i o n s  t h a t  s t a t u s  r e l a t i o n s  b m n g  p r i m a t s s  

b. 
dete rmine  t h e  d i r e c t i o n  of r m i t a t i o n  w i t n i n  t h e  social 

unit - t n a t  dominant 3rimates t e h d  n o t  t o  i m i t a t e  t h e i r  
'-, 

s u b o r d i n a t e s .  (Lorenz, 1966;  J o l l y ,  1972) .  . - - 
. Such a s u g g e s t i o n  is merelya-res tatement-o f t n e  - - 

-- -- - -- f i n d i n g s  and does l i t t l e  t o  e1 ,uc ida t e  t h e  r e l a t i o n  je tween  
\ 

dominant* s t a t u s  and i n i t a t i o n  among feral  monkeys. 0 i n e r  

J 

P Ch 



factors i n  t h e  f i e l d  s e t t i n g  could  .produce t h i s  agparen t  
W 

4 

& & a t i o n s h i p .  For examsle-, ' d i f f e r e n t i a l  mot iva t ion  Levels  * 

* ** 
r e l a t e d  t o  group s t a t u s  might l e a d  to l e s s  interest i n  .novel 

-L 
food a c t i v i t i e s  a k n g  h igh  .ranking animals, and c ~ s e q u e n t l y  . 

decrease  the  l i k e l i h o o d  o f  t h e i r  , a t tendin& t o  t h e  s o c i a l  ; 
-3 I ,  . C  

model. Fu~ themnore  , t h e  r e p o r t e d  s t a t u s  d i f  ferer ices  i n  

i m i t a t i o n  may r e f l e c t  more genera l  d i f f e r e n c e s  i n  l e a r n i n g  
- 

C 

s n i p s  between group social s t a t u s  a d  g e n e r a l  l e a r n i n g  - 
P)- 

a b i l i t y  have n o t  been i n v e s f i g a t e d .  These n a t u r a l i s t i c  

r e p o r t s  on p r e - c u l t u r a l  a d a p t a t i o n  pose s p e c i f i c  q u e s t i o n s  

which r e q u i r e  supplementary experiment& a n a l y s i s .  

- - - - -  - If one assunks- t n a t  d o m i n e  animals  do n o t  i m i -  
- - 

- - - 

t a t e  t h e i r  s u b o r d i n a t e s ,  tnen  even when m t i v a t % o n  and 
4 

a t t e h t i o n  are c o n t r o l l e d  i n  a l a b o r a t o r  y y x p e r i m e n t  , mnkeys  

dominant t o  .a model snou ld  n o t  ~ e n e f i t  f r o m  obse rv ing  h& 
) 

per-formance; o n l y  s u r b o r d i n a t e  mnkeys  shou ld  snow a.6 obser-  

v a t i o n a l  l e a r n i n g  e f fe , c t .  Due t o  t h e  p o s s i b i l i t y  o f  g e n e r a l  
I 

d i f f e r e n c b s  i n  l e a r n i n g  a b i l i t y  as .a f u n c t i o n  'of dominance, 
'l 

performance o f  i m i t a t i o n  s u b j e c t s , m u s t  be e v a l u a t e d  i n  
- - -  2 - --- - - --- - - -- - - -- - 

r e l a t i o n  to perfimance of s G j e c t s  with comparable social - 
-- ---- 

a s t a t u s  'who do n o t  observe  a model. A n a l y s i g  o f l e a r n i n g  
q 

among such non- imi ta t ion  s u b j e c t s  can p r o v i d ~  ik fa rmdt ion  

on t h e  r e l a t . i o n s h i p  o f  social s t a t u s  t o  non-socia l  l ea rn ing .  3 
i I 
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I'f rial1''s (1968) content ions  about tne ubiqui tous  effects 
+ 

of soc a1 parameters i n  primate learning are correct, w e  3 . 
mi-ght expec t  s i g n i f i c a n t  d i f f e m n c e s  i n  learning perfor-  

m a c e  as a f u n c t i o n  of s o c i a l ' s t a t u s  i n  ~ o t n  i m i t a t i o n  and 
P * 

non-imitat ion'  groups. 

by employing a complex l earn ing  task  wnich p, errnits 
n 

multiple asses sments .  of performance d i f f e r e n c e s ,  t h e  obser-  



S u b j e c t s  : Tni l~ty- two pigi ta i l  macaque monkeys 
- I 
(k n e m i s t r i n a )  were s u b j e c t s  i n  t n e  -search p r o j e c t . '  

- - 
L a - 

. P i g t a i l  macaques are c l o s e l y  r e l a t e d  to Japanese  macaques 

CM. - f u s c d t a )  and s h a r e  common p a t t e r n s ' o f  s o c i a l  i > t e r a c t i o n  

and s o c i a l  o r g a n i z a t i o n  ( d e r n s t e i n ,  1 9  . I n  a d d i t i o n ,  
9- 

- t h e  s e  an&m+s- are ~epcweed *oAene-f4% from-e x p s  u k - t w a  
-E 

m d e l  i n  an o ~ s e r v a t i o n a l  l e a r n i n g  paradigm (Cole ,  196 3 ) .  
@- 

The k n k e y s  w e r e  o b t a i n e d  from t h e  breeding  colony mainta ip3d 
t 

by t h e  U n i v e r s i t y  of  a s h i n g t o n  Regional pr imate .  Center.  
e 

2- 

A l l  monkeys w e r e  born k cap t iv i t ; ,  an9  ranged i n  a g e  fmm w 

- - 
two t o  f o u r  yea r s .  Twelve o f  t h e  animals  we- c o n ~ u r ~ n t l y  

s u b j e c t s  i n  a l o n g i t u d i n a i  d e n t i t i o n  s tudy.  However, wi th  

resp$'ct. t o  psyci lo logica l  r e s e a r c h ,  a l l  monkeys were e x p e r i -  . . 
-- . 

m e n t d l y  naive.  _ Througho~& t n e  p e r i o d '  o f  t h i s  research, 
- b 

t h e  animals  were e x c l u s i v e l y  a's&Igned t o  t h i s  p r o j e c t .  '2, 
i 

Procedure:  Tne monkeys w e r e  d i v i d e d  i n t o  two 
1 - g m u p s  o f  six'teen. Each group contaified e i g n t  males a n d  ' 

e i g h t  females.  ~ h m u g h o u t  t p e  o b s e r v a t i o n a l  phase o f  t h e  i 
, 1 <- - - -  - - - - - - -- - 1 2  

pro , jec t ' tnese  groups were housed il~ ad j a c e n t  colony compounds + - 

- - a t  t m r i m m e n t e r  (seeFig.13. To taci l i tate i d e n t i f i - '  

c a t i o n  o f  i n d i v i d u a l s  i n  each group, a l l  monkeys w e r e  ntarkea 

wi th  a unique b i n a r y  symbol, ~ a r k i n g s  consisted of dark  - 





, .  each' monkey r e c e i v e d  a gmvp  symbol - a dyed ?at& of f u r .  
7 .  -1 i 

.-on-,&thdr t h e  bakc o r  neck. . This  p a r k i n g  ~ ~ s t e ~ $ ~ ~ a r m i t t e d  - -- - y- s \ - - -- -- - - 
- 

k 

rapi-d i d e n t i f i c a t i o n  o f  i n d i v i d u a l  .mbnkeis -. * - throughout  - . t h e  - 

\ 

, ' . p e r i o d  o f  ' obse rva t ion  from &mos t  a21 2e ' rspect ives .  

A f t e r  marking al.1 animals;, bo th  grou2s were ------ - 
1. 

- 
r e t u r n e d  t d  t h e i r  ' r e s p e c t i v e  coinp'ounds and a l lowed t n r e e  - 

t weeks t o  a d a p t  t o  t n e  o b s e r v a t i o n a l  s e t t i n g .  During t h i s  

- - -- 

a d a p t a t i o n  -lo@, p l . e l i m i n a ~ o b K r v a t i o n s  o t  dyad1C7 

a g o n i s t i c  i n t e r a c t i o n s  i n  both groups w e r e  conducted d a i l y  

using procedures  r e p o r t e d  by Alexander and aowers (19.69, 

Tn i s  i n i t i a l  o b s e r v a t i o n  r e s u l t e d  i n  t h e  development of a 

s l i g h t l y  r e v i s e d - s e t  o f  behav io ra l  c a t e g o r i e s  which d e s c r i k e d  . 

t h e  f u l l  range o f  dyadic  a g 0 n i s t . i ~  i n t e r a c t i o n s  observed 

w i t h i n  both  groups.  A g o n i s t i c  i n t e r a c t i o n s  invo lved  one 

of t h e  fo l lowing  forms o f  a t t a c k ,  p l u s  an obse rvab le  sub- . 
\ 

miss ive  response  by t h e  r e c i p i e n t .  
I 

Assau l t s .  - b i t i n g  w i t *  v igorous  snak ing  df t h e  head, 

o r  b i t i n g  whi le  ho id ing  t h e  v ic t im.  

Submissive Response - f e a r  grimace, scream, a g i t a t e d  
(i - 

withdrawal ,  or  c r inge .  
- - - - - - - - - -- - - 

2. Bites - p h b s i c a l  c o n t a c t  o f  t e e t h  t o  body -of v ic t im.  
3 ~ ~ :  

- -- - - -- 
1 Submissive Response - fear &rimace, scream, a g i t a t e d  

, +\ 
.--L - withdrawal ,  o r  c r i n g e .  

I 

- 
r 

.fk 

'7 

, 
/J- 

lJ 



-. 
S u b f i s s i v e  Response - f e a r  grimace, scream, a g i t a t e d  * 

.+ a h  - withdrawal, o r  c r i n g e .  
'-i $ 
L 

r 

=% 4. Clasp-puJls  - s h a r p  manual h a i r  pull, 3 
? 

A 
- - 

Submiss ive  Response - .fear g r i m a a s c r e a m ,  agitated 
1 

- ,  - & 

wi thdrawa l ,  'or 6 r i h g e .  . 
- - 5. T n r e a t s  - a pmlor-iged s tare  w i t h  a gaping  m u t n ,  

4 

-,- - - = poui--facciTr -1 mge;Loro3iiri~gy-c-l-a~p'p u1-1~-c-s-Ia~p~ng- 
- 

% * 
\ 

1 m v e q e n t s  whicn, d i d  n o t  r e s u l t  i n  p n y s i c a l  contact,- . 
v 

- .  
Submissive %grimace,  scream, a g i t a t e $  

> 

)ii t hd rawa l  , o r  c r i n g e .  - -3 
,. - 

6. Displacements  - p h y s i c a l l y  s u p p l a n t i n g  - a n o t h e r  a n i n a l  , 1 
- 

Submissive Rgsponse - fear gr imace,  & i t a t e d  wfthdrawal ,  a 

v 
I 

o r  c r i n g e .  

7. Cxc lus ions  - a s u r p i n g  an o b j e c t ,  o ' r  ac t i -v i ty  o f  a n o t n e r  

5 ,-. " 
L 

* group member. 

4 Submissive Respoose - a t t e n t i v e  wi tndrawal .  

A l l  r e g u l a r  o b s e r v a t i o n s   too^ place from i n s i d e  a sound- 

aeaden ing  chamber equ ippea  w i t h  one-way viewing screens i n t o  > 
bo th  co lony  comp~unds ( see X i g .  1 1 ,  - T h e  o3ser-vat i o n a l  -- - --- - 

1 

- schedule pmvigled t* hours  of d a t a  c o l l e c t i o n  ser ~ r o u ; >  
* -'. 

f o r  f i f t e e n  days .  During second nour  o f  o b s e r v a t i o n ,  a 

b a s k e t b a l l  was i n t r o d u c e d  i n t o  t h e  colony com2ounds in o r d e r  
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* 
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Cs r\ - 0. 

t o  i n c r e a s e  c o m p e t i t i v e  i n t e r a c t i o n s .  = A l l  o d s e r v a t i  
10 -'$ 

o c c u r r e 4  d u r i n g  t n e  l a t w o r n i n k  nour s .  D e s ~ . i p t i o n s  o f  - I 

a g o n i s t L c  i n t e r a c t i o n s  w e r e  t ape - r eco rded  and t r a n s c r i b e d  

i m h e d i a t e l y  f o l l o w i n g  t h e  o b s e r v a t i o n a l  s e s s i o n .  D u r ~ g  
1 

+ h o u r s  o f  o ~ s e r v a t i o n ,  a l l  p e r s o n n e l  at t n e  P r ima te  C e n t e r  
* 

- v e r e  restricted fibm t n e  co lony  com?ound area. 
- - -- -- 

k c O b s e r v a t i o n a l  k e s u l t s  and D ~ s c u s s i o n  

4 . s 

- - - - - -- - 
B - Total o ~ s e r - v e d  agonism, &d s u u t o t a l s  f o r  each '  o f  

t 

tile u e h a v i o r a l  c a t e g o r i e s ,  aqe p r e s e n t e d  i n  T a b l e  f.. . A - 
g r e a t e r  number o f  a g o n i s  t i c  ' i n t e r a c t i o n s  were observ&d l'r, 

the i m i t a t i o n  l e a r n i n g  group - 6 32 o b s e r v a t i o n s  &n rre L 

w i t h  513 i n  tne non- imi t a t i on  gromu2. S u b t o z a l s  f o r  each of 

L Q 

t n e  b e l l a v i o r a l  c a t e g o r i e s ,  as :*ell as : f requency o f '  l n t e r -  
a 

a c t i o n s  Ger o b s e r v a t i o n a l  n o u r ,  i n d i c a t e 2  tirat .this groud . 
9 

- - dit&nce i n c l u o e s  i n  a l l  r eco rded  forms o f b % o n f l i c t .  

Tnr f requency  o f  r a c n  forrn'of c o n f l i c f  .=la S ue t o  to ta l  

P 
%r 

obse rved  agonism (see" T a l e  1) s u g g e s t s  similar p a t t e r n s  o@ 
I 

c o n f l c e t  w j t n i n  tne t w o  &roups. Txo forms of .  i h t e r a c t i o n  - \ 
\ ., 

t m e a t . ~  a n ~ . x c l u r i o n s  - accoml t  for w e l l  o v e r  n a l f  o f  ti. 

.. t o t a l  pbse atioG. Two o f n a r  benevior t !  - class-Alls a d  
- - -  - -- - - -  - -- - - - - - -- -- - - - - - - - -- - 

u i s p l a c e m e n t s  - o c c u r  a t  n e a r 1  
- - - - - -- - &me r e l a t i v e  frequency 

h 

i n  t n e  t w o  g m u ~ s .  The more a g k r e s s i v e  forms of i n t e r a c t i o n  . -  . 
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9 - * 
a s s a u l t s ;  b i t e s  and mases - account, f o r  n e a r l y  two- tAl i ra s  

n 
of  t h e  group d i f f e r e n c e s a  i n  t o t a l  o ~ s e r v e d  agonism. I n  ' 

t h e  i m i t a t i o n  group, .  137 of  t h e s e  more a g g e s s i v e  i n t e r -  

" &" . a c t i o n s  were r ecorded ;  while i h  toe non4 imi ta t ion  &mu2 o n l y  
% 

5 9  such i n t e r a c t i o n s  we? observed. 
4 

-----. 
Exarmnatlon o f  direct iOnXii3 t requency o t  a g o n i s t i c  * 

i n t e r a c t i o n  f o r  each group p e r m i t t e d  assessment  o f  social 

P 1 dominance - - - L  at two l e v e l s :  dyadic  dominance and gro.u? domi- 
- - - - - - -- - - - - -- - - - - - -- -- - -- 

I 
nance .'. I n i t i a l l y ,  dyad ic  dominance was determined by n o t i n g  

4' 
he d i r e c t i o n  o f  i n t e r a c t i o n s  bet-*en members o f  t n e  1 2 0  f a  0 

.. - 
. .Sr 

p o s s i b l e  m a d s  i n  e a b  o f  t n e  two groups. Tile animal x h i m  . 
v -9 

i n i t i a t e d  t h e  g r e a t e r  n l m ~ a r  o f  a g o n i s t i c  i n t e r a c t i o n s  for 
f .  

a specific dyad gas a s s e s s e d  as dominant o v e r  t h e  o t r l e r  

member. s i n c e  t h e ' s c o r i n g  yrocedurep r e q u i r e d  05 r v a t i o n  e 
o f  both  a p a r t i c u l a r  focm o f  a t t a c k  an% a correspon6ing . 

P C 

, submissive response ,  t n e  s u b o r d i n a t e  membee also n e c e s s a r i l y  
* 
. 

s u ~ m i t t e d  more o f t e n  t o  t n e  dominant animal.  

dfter d e t e m n h i n g  dyadic  domin&d for  a l l  p o s s i b l e  . . I -  

f .  
' 

eacn glioup , t h e  s t r u c t u r e  o f  in t r a -g roup  p a i r s  o f  a n i  . .  
''1 conf l ic t  w a s  a s s e s s e d  by, comparing t h e  G l a t i v e  dominance o f  . 

a11 group-&embers. The la t ter  Level of- m a l y s & s ~ n t a i l e d -  - -  . * 

. dominance h i e r a r c h y  model. The rule for g e n e r a t i n g  t h e  

linear dominance h i e r a r c h y  w a s  that i f  ani& A uas doknant 
' 



?&*# 
1 

, - 
U 

+3 . a 1 7  *, 
.. & 

.. 

t o  animal  ii, and animal B w a s  dominant t o  C ,  t n e n  A w a s  . 
e 

- also dominant t o  C. botn grou2s appeared t o  have r i g i d  
+* 

. .  9 ' l i n e a r  s t a t u s  s t r u c t u r e s .  a m i n a n c e  h i e r a r c h i e s ,  baaed 

upon a l l  observed agonism, are snowq . f o r  t h e  i n i S a t i o n  

g r o u p  i n  Table 2 ,  and f o r  t h e  non- imi ta t ion  g m u ?  i n  
4 

Table 3. 
- u - u "  0 - ,  

I n  t h e  i m i t a t i o n  group,  a g o n i s t i c  i n t e r a c t i o n s  

- w e r e  observed &ng 106 of  tne,-120 dyads. -Dyadic - "  dominance , 

was evident-among 3 %  of - t h e s e  , ?airs of- a r r i m a k s .  -I~-one- 
P 

dyad (L2-Ll) , e a c h  memoer i n i t i a t e d  one i n t e r a c t i o n  with 

, t h e  o t h e r  animal;  t n u s  t h e i r  dyadic  dominance was-equivocal .  

In t h e  remaining 1 4  dyads,  no agon i s t i - c  i n t e r a c t i o n  sas 

5 observed.  Ana lys i s  sf diminance r e l a t i o n s  at . t h e  group 

W v e l  r e s u l t e d  i n  t n e  rank o r d e r i n g s  shown i n  Table 2 .  . . 
 iris kalysis prov ides  an e s t i m a t e  o f  y a d i c  dominance f o r  

3 4- I )  

- 1 3  'of t h e  1 4  dyads w h e r e  t h e r e  were no obse rved  i n t e r a c t i o n s ,  

as w e l l  as f o r  tne dyad ( L Z - L I )  wi th  equ ivoca l  dominance. 

The dyad A2-A4 p k v i d e s  an ixample o f  such an e s t i m a t e .  ho 

agonism was -observed Between t n e s e  two q$rnals, b u t  A4 was 

a s s i g n e d  lower s t a t u s  s i n c e  A2 i s  dominant t o  a l l  9 animals - 
W .  

which dominated A4. Members o f  t h e  dyad L ~ = J L ~  are t i e d  f o r  
% 

-- - - - 7--  --- - -  - - - - -- - - - - --- -- 

t e n t h  p o s i t i o n  i n  t h i s  h i e r a r c h y ,  s i n c e  t h e r e  i s  no i n t e r -  
- 

mediate  animal wi th -  which t o  e s t i m a t e  * t h e i r  x e l a t i v e  group 

s t a t u s .  gmup a n a l y s i s  o f  dominance ~ l a t i o n s  
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ponds wi th  dyad ic  assessments  i n  1 0 3  o f  t h e  1 0 6  cases; 

Group s t a t u s  r ank ings  do not  a g r e e  wi'th dyad ic  dominance 
I 

r e l a t i o n s  f o r  t h r e e  p a i r $  o f  animals  i n  t h e  i m i t a t i o n  . 
/ - 

group (LZ-L7;  L2-L5; and L1-Ah).  
- *  

' U  

I n  t h e  non- imi ta t ion  group, a g o n i s t i c  i n t e r -  . <- 
-- - - - 

a c t i o n s  were observed among 105 of t h e  p o s s i b l e  1 2 0  dyads. 
'?: 

Dyadic dominance w a s  e v i d e n t  f r o m  e x a d n a t i o n  o f  f requency 
'h V" 

I 
i* 

-b 
- and d i r e c t i o n  of c o n f l i c t  f o r  each of t h e s e  p a i r s  o f  animals.  

A l l  o f  theseodominance  assessments  corresponded e x a c t l y  witn * 
I 

- #' 

J t h e  group l i n e a r  rank o r d e r i n g  shown i n  Table 3. Analys is  %- 
a t  t h e  group l e v e l  p m v i d e d  e s t i m a t e s  o f  dyadic  dominance 

f o r  twelve o f  t h e  remaining' 15 p a i r s  o f  animals .  R e l a t i v e  ^ 

dyadic  dominance could  n o t  be determined due 30 l a h k  of  
, 1 I 

observed i n t e r a c t i o n  among t h r e e  p a i r s  o f  animals  ( L 7 - L 2 ;  

LO-L6; and A7-A6).  These pairs a-tied for  t h e i r  res3ec- 
* 

t i v e  p o s i t i o n s  i n  the4 group r p n ~  o r d e r i n g  o f  Table  3. 

Tine e x t e n t  to which t h e  l i n e a r  domindnbe model 
S 

i P  

provides  an apprdpriate d e s c r i p t i o n  o f  social 

ch of t h e  groups i s  i n d i c a t e d  by t h e  extrernelx l o w  number 7 %  
of observed i n t e r a c t i o n s  which, axw i n  a d i .&c t ion  o p p o s i t e  

a c t i o n s  (1.6%) were n o t  i n  t h e  d i r e c t i o n  p r e d i c t e d  by theR 

dominance h i e r a r c h y  i n  Table 2 0  - I n  t h e  non- id ta t ion  gr+p 7 



- 'I 
21 

* 

Table 4. k m b e r  of ~ b s b x a t i ~ n s  in Each Category Which Do 

Not Correspond to a Linear RaCqipg 

/-- 

Imitation Grmip: Non-Irnitat ion Group: . - 
Agonistlc + , -- Pe? Cent Per ~ b n t  
Categories  umber Reversals Number Reversals 

1 

Q 



. . 

twelve  \of  t h e  51 3 observed i n t e r a c t i o n s  (2 .3%)  were n o t  

i n  t h e  d i m c t i o n  p ~ e d i c t e d  by rank o r d e r ' s t a t u s  of Table . 3 .  
r 

For both groups,  the o c c a s i o n a l  r e v e r s a l  of dominance in te ' r -  

a c t i o n s  o ~ u r r e d  i n  t h e  less i n t e n s e  forms of agonism - 
0 

\ 
I 

c l a s p - p u l l s ,  t h r e a t s ,  d i sp lacements ,  and e x c l u s i o n s .  The 
. . 

----- - --e-x'tre-mc?1-yKkow-p-ef c i t - i T j O m S e f r i d  rn v e r s d  s f o r .  e acn 
v 

ca tegory  o f  agonism i n d i c a t e s  t h a t  dominance s t r u c t u k e s  

., based upon any ane of t h e s e  measures would be q u i t e  similar 
-- - - - - - - - - - - - , - - - - - - - - - - - - - - , , 

? $  t o  t h e  h i e r a r c h i e s  p r e s e n t e d  in Tables  2 a d  4. -. 
x 

I n  g e n e r d ,  social s t a t u s  was most w e l l  d e f i n e d  
L-2 

among t h e  more dominant animals.  C o l l e c t i v e l y  t n e  f i v e  

h i g h e s t  r ank ing  members of each group i n i t i a t e d  o v e r  two- 

! 
t h i r d s  0.f t h e  observed a g o n i s t i c  i n t e r a c t i o n s .  I n  addi t ion. ,  - _ 

t h e y  w e r e  most o f t e n  t H e  i n i t i a t o r s  o f  t h e  monk aggm'ssive 
. \ 

i n t d r a c t i o n s  - e s p e c i a l l y  a s s a u l t s .  D8minance r e l a t i o n s  

among t h e s e  f i v e  animals  were apparent  even from casual.  

o b s e r v a t i o n ;  and i n  each group t h e i r  r e l a t i v e  dyad ic  domi- 

nance was c l e a r l y  e v i d e n t  f m m  examinat ion of observed 

c o n f l i c t .  I n  c o n t r a s t ,  group ranking  ahd dyad ic  dominance 

was less obvious among t h e  l o u e r ~ r a n k i n g  memders o f  both 
t 

groups. The f i v e  ms_t s u b o r d i n a t e  animal= i n -  each group -- -- ---- - 

i n i t i a t e d  less than  one-tenth o f  aginistic i n t e r a c t  i o n s ,  
- - -- 

+ 

Such d i f f e r e n c e s  i n  s t a t u s  a n d . s o c i a 1  power r e a d i l y  dis- 

t i n g u i s h e d  t h e s e  sub-groups throbgbout  the obse -- 



a 

period.  The more  dominant groyp members seemed mre confi-  ' - 
dent ;  they would appmach,  a d  even th rea t en ,  ca re t ake r s  

-arid observers.  They a l s o  appeared t o  rove f r e e l y  
't 

about t h e  colony compound. On t h e  o t h e r  nand, subordinate  
t 

group members seemed mre timid. These h i m a l s  o f t e n  re- 
. 

l inqu ished  food and o t h e r  o b j e c t s ,  as well  as p r e f e r r e d  - 
r e s t i n g  p l aces ,  merely upon t h e  appmach o f  another  group 

. i 
-- - member_, - ~ t h a u g h _ t i - r e s e ~ _ a n i m a l s ~ ~ ~ e ~ ~ n ~ t ~ a t _ t a c k e d _ m o ~ ~ f ~ ~ ~  

quent ly  than  some o f  t h e  more  dominant animals,  t hey  w e r e  

vict imize(l  by a g r p a t e r  numb lit+ of group members, and w e r e  
L 

more , o f ten  the  t a r g e t  f o r  simultan.eous attacks by small 

sub-groups of animals. These subordinate  animals e n ~ a g e d '  , 
* 

I 
more f requent ly  i n  submissive b e n a v i ~ r ,  even wnen there 

\ w a s  no apparent a t t a c k  by another  gmup 'member. 

I n  both groups, t n e r e  w a s  tendency f o r  o l d e r  i 
animals to rank h igher  i n  dominance than younger group 

members. Amng exper  n t a l  im i t a t i on  s u b j e c t s ,  t h e  rank F 
o r d e r  c o r r e l a t i o n  between age and s t a t u s  w a s  .57.  Among 

. . 
t h e  non-imitat ion s u b j e c t s  t h e  rank o r d e r  c o r r e l a t i o n  was 

I 
.SO.  However, d i f f e k n c e s  i n s  learning as a funct ion o f  age 

wi th in  the rang= of  t h = - p r e s e n t  spmple  nave %ot  l%een-FEponmeed7ppp- 

. g e n e r a l y  does no t  i n d i c a t e  s i g n i f i c a n t  . va r i a t i on  i n  d i s -  

cr iminat ion performance as a funct ion o f  age a f t e r  the  L+ 

C 

J 

d 2' 
- 

# 



* 

first few m n t n s  of l i f e  (Zimmerman and Torrey, 1 9 6 5 ) .  
._ -. 

Although ear ly  research suggested age di f f erenps  i n  

formation of  learning set,.more recent work indicates  

i 'similar learning set formation among year-old and adult 

macaques (Zimmerman, 1969). 

--- --- ALL- 

. i 
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. Lxper imenta l  :.letnod / 

Suujecf  s: Four of t h e  n i g h e s t  r a n k i n g  and f o u r  

o f ' t n e  lowest r a n k i n g  monkeys w e r e  s e l e c t e d  as l e a r n i n g  + -  

jects w e r e  A 3 ,  A l ,  h5 and Ao; the low 'dominant s u a j e c t s  

sere L5, A7, LO arid L3. L7, who was t i e d  ' fo r  t n e  - t e n t n -  
- - -  - - - - -  

- -- - - -- --- - - - 3- - 

p o s i t i o n  i n  t h e  i m i t a t i o n  group  dominance ' n i e r a r c n y ,  was 

- s e l e c t e d  to  oe t r a i n e d  as t n e  o ~ s e r v a t i o n a l  l o a r n i n g  m e e l .  

Animals s e l e c t e d  from t h e  non-imit  a t i o n  group  co r r e spondea  
< 

i n  g roup  s t a t u s  r a n k i n g  r o  i m i t a t i o n  s u ~ j e c t s .  Aign dorri- .- . 

n a n t ,  i o n  subjects w e r e  L5, A3,  A 0  and Ai; l o w  
- 

dominant s u b j e c t s  were LZ, L6, LO and A6. * 

L- 4 

Appara tus :  Exper imenta l  t e s t i n g  o c c u r r e d  i n  a -/ 
i . ,I' 

modif ied  S e l f - S e l e c t i o n  C i r c u s  ( S a c k e t t ,  e t  a1 1965;  s e e  - -9 

Fig. 2 1, T n i s  e n c l o s u r k  was a d a p t e d  as an , o b s e r v a t i o n a l  

l e a r n i n g  a p p a r a t u s  by ' s u r ~ o u n d i n ~  one o f .  tho- edge comparr- 

ments ,  and t h e  c e n t r a l  chamber, w i t n  opaque w a l l s .  Tne G 
- .- .d 

edge compartment s e r v e d  as t h e  o b s e r v a t i o n  cimnber. T h i s  I 
I 

4 I 
compartment was connec ted  t o  t n e  c e n t r a l  c ,mnber w i ~ n  a 

- ---- - --- -- - - - - - - - - - 

--- _ _ . t r a n s p a r e n t '  p l e x i - g l a s s  door ,  whicn a l l owed  v i g u a l  obser-  
- - L. - , - .  

v a t i o n  between t h e  o b s e r v e r  and m d e l .  A s p e a k e r  and t w o  

o p e r a n t  p a n e l s  equ ipped  w i t n  l i p - l e v e r s  we* i n s t  allea i n  





pla.ced immediately aaj acen t  t o  t h e  door  of t h e  o b s e r v a t i o n  

chamber' ( see Fig. 2 1. These u a r r i e r s  cou ld  be r a i s e d  
s 

a u t o m a t i c a l l y  t o  permi t  a c c e s s  t o  , the  o p e r a n t  p m e l s .  k 

v ideo  camera mounted above tne*  a p p a r a t u s  enab led  c o n t i n u o k  

moni tor ing  o f  t h e  behav io r  of  both s u b j e c t  and model fmm 
4 --- - ,  L 

t n e  exper imen ta l  c o n t r o l  area. ~ r a ~ s o f i - ~ t a d e r  'modular 

J pmgramming equipment c o n t r o l l e d  exper imen ta l  c o n d i t i o n s ,  

and /automatical ly-  colle c t e h a r n i n g - d a t  a .  - Alieatnjcit-% 
i .  

aud io -genera to r  produced t h e  a u d i t o r y  s t i m u l u s  necessa ry  - 
f o r  t n e  t ime-out d i s c r i m i n a t i o n  p a r t  o f  t n e  l e a r n i n g  tasic. 

Procedure : Following tne  o b s e r v a t i o n a l  phase 

o f  t h e  r e s e a r c n  p r o j e c t ,  t h e  i m i t a t i o n  group w a s  removed 
4 t 

from t h e  colony kcompound area and housed i n  inqt iv idual ,  
4 

v i s u a l l y  i s o l a t e d  cages.  These s u b j e c t s  w e r e  nousedl i n  

t h i s  new area throughout  t n e  p e r i o d  o f  t e s t i n g  f o z  t h i s  

The expeqiment a1 l e a r n i n g  t a s k ,  a cued-a l te rna-  
+ 

t i o n -  2roblem ( s e e  Fig. 3 1 ,  requixed  t n e  s u b j e c t s  t o - r e s p o n d  

1 at  the a p p m p r i a t e  o p e r a n t  panel  a f t e r  t h e  o n s e t  o f  a tone.  
B 

 low i n t e n s i t y ,  450-cycle p e r  second t o n e  W a s  used as a 
. - - . - - - - - 

d i s c r i m i n a t o r y  cue. P m - t e s t s  witr7-tXig- t o n e  ifi 'dicated 

- - 

- --that- it w a s - a ~ ~ i e ~ ~ t ~ c ~ e ~ d ~ ~ ~ ~ o - a p ~ a ~ n t  ave rs i v e  
d 

e f f e c t  upon t h e  'mnkeys. A t  t h e  b e g i n n i n g . o f  each l e a r n i n g  C 

s e s s i o n ,  tone o n s e t  o c c u r r e d  s imul taneous ly  w i t h  acuess t o  
- 





t h e  opqrant panels .  Subsequent ly,  any l i p - l e v e r  'I.espuWe - . 

a u t ~ m a t i c a l l y  t u r n e d  t h e  t d n e  o f f  far f i v e  seconds.  A f t e r  

9 t o n e  o n s e t ,  a response  a t  the, correct operan t  , p a n e l  was re- 
I - 

B 

corded  .as a c o r r e c t  a l t e rna$ ion ,  and r e i n f o r c e d  w i t h  1 . 0  cc' 

of app le  ju ice .  Such a response  a u t o m a t i c a l l )  changed t h e  

- pg&neq&pent-s13--Wrn-d&fircrem WCLS , 

/ - -  a v a i l a b l e  a t  t h e  oppos i t e  o p y a n t  panel .  A response ,  a f t e r  * 

t o n e  o n s e t ,  a t X t h e  i n a p p r o p r i a t e  pane l  was -corded as an 
- - - - -- - - -- - - - , ,- - - -- - -- 

a l t e r n a t i o n  error.. Such errors were n o t  k i n f o r c e d ,  and 
wA' ) 

had no  e f f e c t  on p o s i t i o n  o f  re inforcements .  ResponsZeso 3 
x -- 

which occur&d at  e i t h e r  p a n e l  while  t h e  t o n e  was off w e r e  
/ 

s c o r e d  as t ime-out  errors. _ Tnis .  type  of response  d i d  not 

i n f l u e n c e  p o s i t i o n  of p o s i t i v e  r e i n f o r c e k n t  , b u t  *extended - 4 

t h e  time-out p e r i o d  and de layed t h e  p o s s i b i l i t y  o f  o b t a i n i n g  
i 

0 

reward f o r  f i v e  a d d i t i o n a l  seconds.  I n  a d d i t i o n  t o  t h e s e  ' 

- perforinance measures,  i n i t i a l  res onse  l a t e n c y  %corded 

for  each s u b j e c t  i n  all l e a r n i n g  s e s s i o n s .  b 

e 

me monkey s e l e c t e d  as model f o r  t h e  imi ta t io r i " '  +? 
group was t r a i n e d  t o  s o l v e  t h e  cue 'd-al ternat ion problem 

' .  
through t h e  use  of a graded series o f  t a s k s .  I n i t i a l l y ,  ' 

9b 

_ the l i p - l e v e r  responEe w a s  shaped using t h e  _me_th_sd o f  suc-, - --- 
\ - 

- 

- ---- cassive approximations.  A1 shap ing  occur red  wi,th t h e  tone- 
-F9 

off - f o r  o n l y  a f r a c t i o n  of a second. Gradual ly the tone-off ,  

d u r a t i o n  was i nc=ased  to  t h e  r e q u i r e d  f i v e  secqnds.  Al terna-  
- 

# 

e 
I 

\ 
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t i o n  behavior  was. t r a i n e d  by a l t e r n a t e l y  al lowing access 
- 

t o  on ly  one operan t  panel.' During t h i s  phase of t r a i n i n g ,  
C 

each t u r n e d ' o f f  t h e  tone  and lower- 

t h e  .operant panel,. A f t e r  f i v e  

seconds, t n e  b a r r i e r  i n  f r o n t  of t he  oppos i t e  p&el w a s  ~ 

L 

r a i s e d  simultaneously wi th  tone onset .  F i n a l y ,  t h e  monkey 
I 
I 

w a s  given , ex tens ive  p r a c t i c e  wi tn  un in te r rup ted  access t o  
B 

bo th  panels  . 3ur ing  t+fs fir+& phase of- -trahine-the----- 

model w a s  given an oppor tun i ty  t o  p r a c t i c e  wi th  ano ther  - 

group member (L4) i n  t h e  observa t sona l  chamber o f  the  

l e a r n i n g  apparatus.  During e a r l y  p r a c t i c e  wi th  an observer  

t h e  model's l e v e l  o f  performan& dec l ided  s u b s t a n t i a l l y .  

Consequently, dep r iva t ion  p r o c e d u p s  w e r e  employed i n  -all +-- 

'subsequent t r a i n i n g  and modelling sess ions .  : Tra in ing  witn . 
.. * 

an obgerver continued u n t j l  t h e  model's performance i n  two 

' .  success ive  s e s s idns  of 1 0 0  *a l t e rna t ion  responses w a s  95% . 
-'\ 

\ 
e 

co',qre ct  . - 
6 F' - ,  

4 \ . , 
, %--- Experimental t e s t i n g  o f  i m i t a t i o n  and non- * 

i m i t a t i o n  sub jex ta  occurz'ed wi th  all animals water deprived 

f f o s  2 3  hours. Zach s u b j e c t  was . q given f i v e  consecutive + ,*  

- = -- --Q : - -  
l e a r n i n g  se s s ions  dur ing a s i n g l e  day (see Fig. 4)., For - 

7 -  

i-&tZf~~s=j ects each se s s ion  c o n s i s t e b o f . ( l )  an' i n i t i a l  . 
Ir 

f i v e  minute adap ta t ion  pe r iod  i n  t he  obse rva t iona l  enamber; --" --+. 

( 2 )  a f i ve  minute observat ion periodi! dur ing which t h e  m d e l  





, - 

.32 
fi 

i 

was. a b l e  t o  emit approximately 50% a l t e r n a t f  on r e s h n s e s  ; 

( 3 )  a f i v e  minute* a d a p t a t i o n  pefiiod i n  t h e  exper imen ta l  
B 

chambep after  t h e  model had been removed; and (4) a 30 

minute pe r iod  o f  cont inued accesg t o  t h e  operan t  p a n e l s ,  
4 

. . 
o r  1 2 0  a l t e r n a t i o n  response  whichever occur red  f irst .  C 

1' 
--- - - - - -- A f t e r  t e s t i ~ g - ,  t h e  i m i t a t i o n  group_was -- -=-turned t o  - t h e  

, . 
colony compound a r e a ;  t h e n  t h e  non- imi ta t ion  l e a r n i n g  

0 . .  1 

s u b j e c t s  w e r e  moved t o  i n d i v i d u a l ,  v i s u a l l y  i s o l a t e d  cages.  * - -  
-- 

- -  - - - - - --- - - 
.s- 

The t e s t i n g  procedure f ~ :  t n i s  group w a s  the same as t h a t  

f o r  t h e  imitat+ion group, e x c e p t  t h a t  d u r i n g  t h e  observa-  
- 

, k 

t o n a l  p e r i o d  of each s e s s i o n  t h e  exper imenta l  chamber w a s  
/' 
empty. Thus t n e e e  non- imi ta t ion  s u b j e c t s  s ? e n t  t e n  minutes 

# 

a lone  i n  t h e  o b s e r v a t i o n  chamber p r i o r  t o  e n t e r i n g  t h e  

c e n t r a l  area o f  t h e  appara tus .  

L .  

Experimental  R e s u l t s  -- 

Adaptat ion t o  t h e  Learning Apparatus 

During t h e  i n i t i a l  20 minutes of each  l e a r n i n g  

session o b s e r v a t i o n a l  records w e r e '  made d e ~ c r i b i n g  the '  . 
I 

g e n e r a l  behav io r .  of each  s u b j e c t .  These r e c o r d s  w e r e  coah- 
Y 

- - - - - - - - - - - - - - - - - - - - - - - ,i 

pared t o 7  de termine  p o s s i b l e  d i f f e r e n c e s  i n  g e n e r a l  a c t i v i t y  
- - - - - -- - - ---- - 

l e v e l s  and r e s u l t i n g  d i f f e r e n t  d a p t a t i o n  to t h e  t e s t i n g  

apparatus .<  able 5 shows t n e  a r i s o n  o f  a c t i v i t y  l e v e l s  
- 

d 

I I 



Table 5. Oomparison of GBneral Activity of Subjects i n  
. . 

Observation Chamber of Testing Apparatus* 

-. 
.& LX, 

- d 

Imitation Group: Nan-Imitat i on  Group: 
f 

L Hi& Low High - Lbw - - --- ~ m ~ ~ ~ ~ m - h a n t - - - - - - ~ m i - m t ~ m i - ~ . ~ ~  

4 

-- 

dthdraud 
Inac+Sve- 0 - - 0 -0 - -- ' 0  

.. 

~alm/Moderatel~ . 
Active 20 ' 20 19 20 

\ 

Hyperactive/. 
~ g i t a t e d  0 0 1 0 

U 

- 

- .  

'3 \ J 
. 

Z 
rJ 

- 7 )  - - - -  - - 

d r 
6 

- - - - - - - - - - -- - - - -- - 

J * -  

*Total of 20 observations per group computed on the basis 
+ of four subJects each observed during f ive  sessions. " 

L I _  - k 
-* , i &. 
&- 
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. ' f o r  each group while t h e  animals w e r e  in,the obse rva t iona l  

chamber o f  t h e  apparatus.  Most s u b j e c t s  w e r e  c a l m  t o  k d e -  

r a t e l y  a c t i v e  dur ing tho  iQitial t e n .  minute p e r i o d .  Tne 

predominant a c t i v i t y  f o r  all s u b j e c t s  .dur ing - - /  t h i s  per iod 
- 

w a s  exp lo ra t ion  ' a d  manupulat i o n  of  t h e  observa t iona l  
a 

chamber. A3, a high ddminant a n i w l  f r o m  t h e  n o n - i h i t a t i o ~  

group, succeeded in p a r t i a l l y  opening the  door i n t o  t h e  ex- 

per imenta l  chamber dur ing  Sne secand l e a r n i n g  s e s s i o n ,  and - 

became q u i t e  a g i t a t e d  when f u r t h e r  e f f o r t s  did not  result - 

i n  access t o  t h e  c e n t r a l  chamber.'   ow ever, i n  subsequent. .\ 
4 

s e s s i o n s  t h i s  a c t i v i t y  w a s  not  observed, a n d , t n i s  animal 

a l s o  appeared calm t o  nroderately ac t ive .  

Tabel 6 shows general a c t i v i t y  for al l  l e a r n i n g  
- 

. subjects  dur ing . the  i n i t i a l  t e n  minutes i n  t h e  experimental  . 
, 

ciaamber. H e r e  aga in ,  mst animals seemed w e l l  adapted t o  

t h e  apparatus ,  and engaged prima& i n  ' task-or iented o r  

exp lora tory  benavior.  dowever, t h e  frequency of a g i t a t i o n ,  
4 

.or hyge rac t iv i t y  , is g r e a t e r  during these periods.  So- of 

t is hype rac t iv i t y  seemed t a sk - r e l a t ed ,  s i n c e  o f t e n  animals 2 '-- 
which w e r e  not  re in forced  f o r  a long series o f  error res- 

~ o n s e s  would engage in b u r s t s  o f  emotion& a6t&ity whkh - -- 

e .  

sub jec t  i n  t h e  low ciominant imi t a t i on  group, became q u i t e  
- 

a g i t a t e d  when she w a s  unable t o  remove t n e  barriers i n  
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Table 6. General Activity of SubJects i n  Experimental 

CharnEe' of- Testjmg .Apparatuss 
\ 

d- 

I 

\ a 

- 

IlU&&nGroua: tation gron~: 
\ 

~ i g h  Inw High . Inw 
D6minant ' Dominant Dominant Dominkt 

withdrawn/ 
- 1nac t lve 0 1 0 .  0 

- .  
\ 9 

- 7  
- -  - - - - -- 

~ a ~ d ~ o a e  rate 1y 
Active 18 13 . * 18 17 

Hyperactive/ 
Agitated 2- . 6  2 3 

- 
\ ' 

*Total of 20 observations per group computed on the basis 
of four subjects each observed during f ive sessions. 
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f r o n t  af t h e  operan t  p a n e l s  d u r i n g  t h e  i n i t i a l  f i v e  minute 

w a i t i n g  per iod .  Another member o f  t h i s  group,  LO, was 

q u i t e  withdrawn throughout  t h e  f i r s t  t e s t i n g  s e s s i o n ;  she 

c r i n g e d  i n  t n e  c o r n e r  of t h e  a29ara tus .  .  his w a s  the on ly  

d case  of witndrawn, o r  i n a c t i v e ,  behav io r  d u r i n g  t h e  t e s t i n g  

5"ocedu~ . '  @ -- --- 
t 

I n  g e n e r a l ,  a l l  s u b j e c t s  seemed t o  adapt  e q u a l l y  

* w e l l  t o  t h e  t e s t i n g  ap2ara tus .  The few d e v i a t i o n s  f m n  
- - P-p 

cal;, modera te  a i t i  Gi t j r c ~ 3 5 5 ~ ~  o n l y  d i r - i n g - f i i i f  1 i F S t T t 5 ~ 0 - ~  
-3 

t e s t i n g  s e s s i o n s ,  were d i s t r i b u t e d  among members of 
. 

' ,uo'tiI the imitation 'and non- imi ta t ion  gmups. ' 

! 
+-2 

Node1 ' s Performance 
I 

' .%& 
\ . .During t h e  o b s e r v a t i o n a l  l e a r n i n g  s e s s i o n s  o f  

the experiment ,  t n e  model's l e v  correct a1 t e r n a t i o n  

p r f o r m a n c e  dec reased  s l i g h t l y  - he g r e - t r a i n e d  c r i t e r i o n .  

H i s  average  performance as a rnodef d u r i n g  dl1 , s e s s i o n s  o f  
d 

. t h e  experiment  was approximately 90% correct. The number 

of r e i n f o r c e d  responses  ranged from 35 t o  51,  wi th  an aver-  
. , 

age o f  45.25 p e r  sess ion .  A l t e r n a t i o n  errors rianged from 

z e r o  t o  n i n e ,  wi th  an average of 4 .-33-per s e s s i o n ,  Time- - -- 

-- - ~ u ~ e r # r r ~ m f  m m  to ' f i u a , t J i t i . 1 a n a v e r a g e r > e r  

s e s s i o n  o f  1.15. The modells correct a l t e r n a t i o n s ,  alter- 
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na t ion  errors, and t i p - o u t  errors are shown i n  Figure 5 

as a f u n ~ t i o n  f o  success ive  modelling per iods  and o ~ s e r v -  
,' 

ing gmup members. Three-aay analyses  o f  var iance  on each 

of  t he se  performance measures were conducted t o  d e t e r 4 n e  

t?" if tne nodel ' s  behavior  va r i ed  s igxk f i can t ly  as a funct ion 

of  p r a c t i c e ,  o ~ s e r v i n g  sub jec t ,  - 

the o b s e r v a t i p n d  chamber. These analyses  showed no s ig -  

n i f i c a n t  main e i f e c t  o r  i n t e r a c t i o n  o f  t h e s e  var iab les .  , 

Learning Resul ts  

Experimentally independent analyses  of each o f  

the Learning measures revealed s i g n i f i c a n t  performance 

d i f f e r ences  as a funct ion of  one, o r  more, o f  t h e  inde- 

pendent va r i ab l e s  - dominance status, l e a r n i n g  group I 

7 ( i m i t a t i o n  versus  non-imitation) , and t e s t i n g  sess ions .  

Tnese f ind ings  are presented under the fol lowing t o p i c a l  

headings : Response Acquis i t ion ; Response Ef f ic iency  ; and - 
*- + 

Ermr Analysis. 

Analysis  o f  t he se  d a t a  revealed si i f i c a n t  d i f f e r e n c e s  v - + 
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: 3, 

i n  performance which p e r s i s t e d  tnmugnout  a l l  t e s t i n g  
- 

s e s s i o n s .  However, i n  p r e s e n t i n g  t h e s e  r e s u l t s  s 2 e c i a l  

c o v i d e r a t i o n  is given  t o  performancfl d u r i n g  t h e  f i r s t  
.6 

s e s s i o n  when t h e  l i p - l e v e r  response was nove l  t o  all . . 
s u b j e c t s .  

-- 

During t h e  f i r s t  t e s t i n g  s e s s i o n ,  response . 
l a t e n c i e s .  ranged f r o m  1.9 t o  1800.0 seconds.  Tne range o f  

b 

l a t e n c i e s  ~as-considerabLyPsmaIler_ f o r  _the_ i m i t a t i o n l e a r n -  

i n g  group - 1.9 to  118.8 seconds (mean = 30.2 seconds) .  -+o t~-  

i m i t a t i o n  l e a r n i n g  s u b j e c t s  snoued g r e a t e r  v a r i a b i l i t y  i n  

4 l a t e n c y  scores dur ing  t h i s  s e s s i o n ;  t h e  gmup  range w a s  

33.6 t o  1800.0 seconds (mean = 419.1 seconds) .  These l a t t e r  

- s u b j e c t s  had c o n s i s t e n t l y  l o n g e r  response  l a t e n c i e s ;  and one 

member o f  t h i s  group failed t o  respond d u r i n g  t h e  f i r s t  

s e s s i o n .  Examination of f i k t  s e s s i o n  i n i t i a l  l a t e n c i e s  
+ I 

- L 

, i n d i c a t e d  a p o s i t i v e l y  skewed d i s t r i b u t i o n  o f  sqlles, wi th  
. ?  

a l l  b u t  one o f  the non- imi ta t ion  s u b j e c t s  exceeding  t h e  

median l a t e n c y  o f  51.7 seconds. Although tire r a g e  o f  .. 
response  l a t e n c i e s  decreased  dur ing  t h e  subsequent  s e s s i o n s ,  

group d i f f e r e n c e s  i n  time f o r  f i r s t  response  p e r s i s t e d  
.L 

throughout  t r a i n i n &  : -- . - - _  - -  - - -- - - - 
_ "  

skewed, t h e s e  d a t a  were t ransformed t o  rate measuRs ( t h e  
- 

- r e c i p r o c a l  of response  latertc{) which were amenaole t o  
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0 
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a n a l y s i s  o f  variance.. The t ransformed data jmovided a 
+ 

measure, of speed of first response  i n  each t e s t i n g  s e s s i o n .  
4 ,  L 

A three-way a n a l y s i s  dB v a r i a n c e ,  w i t h  dominance s t a t u s ,  

l e a r n i n g  group and t e s t i n g  s e s s i o n  as i n d i c e s ,  w a s  con- 

ducted  on t h e  trarqsformed da ta .   his a n a l y s i s  i n d i c a t e d  

s i g n i  fplcant d i f f e r e n c e s  i n  response rate o f i y a s a f u n c t i o n ~  - - 
PI 

of l e a r n i n g  group (F = 13.31, df 5 1 . 1 2 ;  p < .005) .  Figure  6 ,  , 

which shows group mean rates as a f u n c t i o n  of t e s t i n g  s e s s i o n s ,  
--- - -  - -- , - - - - - - - - -- - - 

i l l u s t r a t e s  t h i s  s i g n i f i c a n t  main e f f e c t .  Post-noc cornpa- 
~. 

r i s o n s  o f  group mean s c o r e s  i n d i c a t e d  t h a t  i m i t a t i o n  l e a r n -  

, i n g  s u b j e c t s  responded s ignif ican$; ly faster t h a n  non- imi ta t ion  . 

s u b j e c t s  throughout  t h e  f i v e  exper imenta l  s e s s i o n s  -(Tukey . 
HSD T e s t :  q = 5.09, a = 2 ,  df  = 1 4 ; , p  < .01),  I n  addi t iont ,  

t h e  first s e s s i o n  mean- respqnse  rate f o r  i m i t a t i o n  s u b j e c t s  

4 J w a s  a m p a r e d -  w i t h  he mean response  rate f o r  non- imi ta t ion  

s u b j e c t s  d u r i n g  the f i f t h  s e s s i o n  (which w a s  t h e w b e s t  s e s s i o n  

f o r  t h e  l a t t e r  group).  Th i s  comparison showed : t h a t  even a 

2 

af te r  e x t e n s i v e  p r a c t i c e  wi th  t h e  l e a r n i n g  t a s k ,  p e r f o r m a n ~ e  

o f  non- imi ta t ion  s u b j e c t s  Gas s i g n i f i c a n t l y  slower t h a n  t h a t  

of i m i t a t i o n  s u b j e c t s  d u r i n g  i n i t i a l  access ..to. t h e  o p e r a n t  
. - 

p a n e l s  (Tuicey HSD T e s t :  q = 3.13, a = 2 ,  df = 1 4 ;  p < .05), 

The second measure of o p e r a n t  r e sponse  a c q u i s i t i o n  
-- - -- - - - - - - - 

, w a s  t o t a l  number o f  &sponses e m i t t e d  d u r i n g  each t e s t i n g  

s e s s i o n .  To td l  h s p o n s e  o u t p u t  v a ~ i e d  ,&eat ly  'between 





s d b j e c t s  t h r o u t o u t  the'  f i v e  sess ions .  - Tine wxdest range.  
. 

of responses.occurred during t h e  f i r s t  s e s s ion  - zero t o  

355 responses (mean = 150 responses).  'High dominant sub- / = 

jects 'generally emi t ted  m,re responses dur ing t h i s  s e s s i o n  - 
ranging from 46 t o  355 responses (mean = 199 responses) ;  

- - - - - - A - 
I while.lOWdominant s u b j e c t s  tended tm€ lewer responses 

- ranging from zero t o  106' responses (mean = 43 responses) .  

I n  later  s e s s i o n s ,  t h e  between-subject range decreag.ed, as 
- - - - -- - - - - - - - - - - - - - - - - - -- - p-p-L 

low do'lpinant s u b j e c t s  tended t o  inc rease  t h e i r  total output .  

Three-way a n a l y s i s  o f  var iance  on to tdPFesponse  d a t a  showed' - - 

s i g n i f i c a n t  d i f f e r ences  i n  rksponse ou tpu t  only  as a funct ion 

of  doniinance s t a t u s  (F = 25.27, df  = 1 .12 ;  p < .001).' .This 

s i g n i f i c a n t  main e f f e c t  o f  dominance s t a t u s  is  ev iden t  i n  - - 

Figure 7 ,  which shows &an t o t a l  responses as a funct ion of  

t e s t i n g  se s s ions  f o r  both high dnd low s t a t u s  sub jec t s .  Post- 

. hoc co&isoris of meanu&otal  responses f o r  each dominance 

l e v e l  i n d i c a t e d  that1 high s t a t u s  s u b j e c t s  emi t ted  s i g n i f i -  

c an t ly  m o r e  responses throughout t h e  f i v e  t e s t i n g  se s s ions  
r 

. (Tukey HSD Tes t :  q. = 6.96;a = 2 ,  df = 1 4 ;  p < .01). 

a c q u i s i t i o n ,  s in* i t  r e f l e c t e d  t h e  e x t e n t  t o  which the  kip- 
# 

I - 
l e v e r  response was under t n e  con t ro l  of both t i=-out  and . 
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d e w a t i o n  cOit ingenCies of  t h e  l e a r n i n g  t a d  Response 

t e f f i c i e n c y  w a s  e a l u a t e d  as t h e  o o r e c t  o f  t o t a l  ,- 

responses ( i ,e .  , t h e  ratio of correct responses t o  t o t a l  . 
. . 

i 

responaes i n  each sess ion) .  Fop t h i s ,  and. all subsequent. ' 
W 

H r a t i o  measures o f  l e a r n h g ,  ' a score w a s  e s t imated  f o r  t h e  . * 
3 ". 

/- L non-imitation groupmember who f a i l e d  t o  respond dur ing  t h e  * 

- -- - --- 
0 

.first t r a i n i n g  sess ion.  Zst imates  w e r e  der ived us ing  

 eyer's co r r ec t ion  formula f o r  missing data (1966, p: 171). 
- 

4 
Although Zn arc s i ' n e t r i i i s f o - t i o n i s  o f t e n  re- 

$ 
cohended  p r i o r  to ar ia lys is  of  percentage d a t a ,  i t  is not  

neces sa r i l y  appropr ia te  for .  the presen t  measures, Tnls  
f 

w 

a _+ , J 
t ransformat ion pmduces homgene i ty  o f  va&kce by elimi- 

n a t i n g  dependence of  t h e  populat ion var iance  +pan t h e  
* 

L - \ 
populat ion mean., The var iance  o f  t h e  t rans forwed  scores ' , 

/ 

i s  inve r se ly  .propor t ional  to  the t o t a l  nunhey__& observa- 

t i o n s ,  and t h u s  i s  homogeneous when t h e  number o f  observa- 
.& 

t i o n s  used t o  determine each score is  Constant. However, - 
with the  pres'ent scoms,:*the number o f  total observa t ions  - 

u 
I 

- a - d i f f e r e d  f o r  each subject i n  each t r a i n i n g  sess ion.  s i n c e  
. - - - 

t he  n u d e r  o f  observa t ions  w e r e  not  cons ten t ,  t h e  arc s i n =  . 

r / t ransformat ion cannot guarantee 
- 

Y In s t ead  it p i g h t  a c t u a l l y  , 
- - - - - - -,- -- -- 

emghasizing t h e  importance 

of  observations.  If number o f  observa t ions  as a funct ion 
1 I 

i f- 

B ?% 

. - 

" 
I 



. ~ - 

o f  pe rcen tage  scores appmximated  a U - d i s t r i b u t i o n ,  t h e n  
i 

t h e  t r a n s f o r m a t i o n  would s t i l l  be a d v i s a b l e ,  s i n c e  it 1 
mignt reduce h e t e r o g e n e i t y ,  wi thou t  n e c e s s a r i l y  p rov id ing  

. ' 

3 compleSye nomogeneitjr. nowever,, t n i s  i s  not  t h e  case w i t n  

t h e  ' p resen t  measures. Large numbers o f  o u s e ~ v a t i o n s  were , 

-- -- - - usual~~-asoci-al+ir.t+rrd,-d-Lr~e-~e rcer~t~a~e-s-co r e s - . , - w k - i - ~  . . 

b o t a  very h igh  and very low percentage  s-cores occur re^ 

most o f t e n  a t  lower  response  l e v e l s .  Consequently,  a l l  
- -- - 7 

p r c e n t a g e  measures were analyzed d i r e c t l y  x i t n o u t  t r a n s -  
&+ 

f o r m a t  ion .  

Tnree-way a n d l y s i s  o f  v a r i a n c e  on response  e f f i -  
I 
4 

c iency  scores i n d i c a t e d  two s i g n i f i c a n t  s o u r c e s  o f  va r i ance :  

a sess ions .  main e f f e c t  (F = 16.83, df 4,47; p < .i101); 

ana a l e a r n i n g  group by s e s s i o n s  i n t e r a c t i o n  (F = 2.63, 

d f  = 4,47; p < -05). Comparison o f  va r i ance  e s t i m a t e s  f o r  

. t n e  means o f  popu la t ions  de f inkd  by s a q l i n g  l e v e l s  i n  c h i s  

. analysis 

Tnese re 

I showea t n a t  e s e s s i o n s  main e f f e c t  was tae m o r e  

L 
6 

.t s o u r c  f v a r i a n c e  (:or s e s s i o n s  main e f f e c t  - 
'i 

51; f o r  group by s e s s i o n s  i n t e r a c t i o n  - €i2 = 13.81). 

s u l t s  a& i l i u s t r a t e d  i n  Figure 8,  which ;bogs mean 

C pe&entage correct as f u n c t i o n  o f  t e s t i p g s s s ~ i o * g  f o r  
- - - \  - . 

- - 

1-2 

each l e a r n i n g  group. & a  
L- A L , ,  

I 

Tost-noc one-way a n a l y s e s  o f  va r i ance  f o r  each  
- 

learning group as a f u n c t i o n  of s e s s i o n s  i n d i c a t e d  i q m v e -  
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ment i n  m s p o n s e  e f f i c i e n c y  .as a f u n c t i o n  

s e s s i o n s  b o r  vo tn  groups (for i m i t a t i o n  s u b j e c t s ,  = 25.21, 

. d f  = 4,28; p < .001; f o r  n0n-i t a t i o n  s u b j e c t s ,  f =-3.07 ,  
I 

d f  = 4,27;.p < .05). however, comparison ~ f  v a r i a n c e  es t i -  

&as i n  t n e s e  two analyses i n d i c a t e d  t h a t  t n e  e f f e c t  of 
--- -- 

s e s s i o n s  w a s  o v e r  fqw times -as powerful  among i m i t a t i o n  

' s u b j e c t s  ( f o r  s e s s i o n s  e f f e c t  among i m i t a t i o n  subjects - 
1 

s u b j e c t s  - 8' = 27.98). The d i f f e r e n t i a l  effect of s e s s i o n s  

upon performance o f  t h e  t w o  l e a r n i n g  groups i s  a l s o  shown 

by post-noc comparisons o f  group means f o r  each  t e s t i n g  
1- r 

s e s s i o n .  Although in t h e  first t h r e e  s e s s i o n s  the groups /  

'd id .hot d i f f e r ,  i m i t a t i o n  s u b h c t s  performed s i g n i f i c a n t l y -  

b e t t e r  i n  t n e  last t w o  t e s t i n g  sessiorrs  (Tukey HSD T e s t :  . . 
. , 

p .= 3.34, A = 2 ,  df = 14 ; p  '< .0'5>. Tnese dna lyses  of 
\. 

centage correct scores iridicate improvement as a f u n c t i o n  o f  
I 

" C 

. s-sions for botn l e a r n i n g  groups ,  ~ u t  r e l a t i v e  s u p e r i o r i t y  

f in response  e f f i c i e n c y  f o r  tire i m i t a t i o n  s u b j e c t s  i n  t h e  , P.  

\ 
x f i n a l  . t w o  s e s s i o n s  o f  t r a i n i n g .  

i n  response  e f f i c i e n c y  , botn  t i & - o u t  and a l t e r n a t i o n  e m r s  

w e r e  axaPPined, Since total response o u t p u t  v a r i e d  as a 
, a - -  



F -  
f h c t i o n  of d o s n a n c e  s t a t u s ,  r a t i o  scores w e r e  again u t i -  

l i z e d  t o  eva lua t e  bo th  types  o f  error. The ratio o f  t i m e -  a 
+ 

h out  responses to  t o t a l  response output  p e r  s e s s i o n  provided 

a percentage measure o>f time-out errors.' The ratio o f  in- 

. correct a l t e r n a t i o n s  to to ta l  a l t e r n a t i o n  responses ( total  - A -- 

responses less time-out srmrs)  w a s  used as a percerftage 
-+ 

measure o f  a l t e r n a t i o n  eh-ors. 

ou t  errors revea led  three s ig ;n i f ican t  sources  of variance:  d 
- 

dominance main effect ( F  = 27.39, df = 1.11; p < .001)-; a 

group by dominance i n t e r a c t i o n  ( F = 6.97, df  = 1,l'l; -p .< .01) ; 

i n t e r d c t i o n  (F = 3.19, df = -4,47; 
- 

var iance  e s t ima te s  for, popula t ion 

means defined by a l y s i s  showed that t h e  dominance 

amin effect w a s  the  most powerful source  o f  var iance ,  and 
F 

t h a t  t h e  gmup by dominance i n t e r a c t i o n  @as nlme powerful 
- 4 

than t h e  group by s e s s i o n s  i n t e r a c t i o n  ( f o r  t h e  dominance ' 

main effect - Q* = 224.76; f o r  t h e  group by dBJnance in t e r -  
C 

a c t i o n  - G12 = 101.78; and for t h e  gmup by s e s s i o n s  i n t e r -  ' 

a c t i o n  - O* = ' 42 .02  1. 
- A - - - - - - -- -- - - - -- - 

The dominance main e f f e c t  and t h e  group by domin- L u  - 
--- - - - - - - - 

ance i n t e r a c t i o n  -are ev iden t  i n  Figure 9 ,  which shows mean 

percentage time-out errors as a func t ion  of 

dominance l e v e l s  wi thin  each l e a r n i n g  group. 

s e s s i o n s  f o r  
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7 
Fig. 9: Percent timeaut errors as a function.of sessions for dominance 

+ -  levels in each. learning grwp a 



comparisons of mean percentage t ihe-out  ermrs for high and 
n - 

"\ l ~ w ~ d o m i n a n t  s u b j e c t s  i n  all  t e s t i n g  s e s s i o n s  showed t h a t  . . 

high s t a t u s  s u b j e c t s  ,had s i g n i f i c a n t l y  greater scores thmugh- 

o u t  t r a i n i n g  (Tukey HSD Tes t :  q = 7.39, a = 2 ,  d f  = 1 4 ;  

p < .01). However, t h e  gmup by dominance i n t e r a c t i o n  i n d i -  
4 

- - e ~ e s - + l y P t h i ~ t e n d e n c y ~ l e  ss-evkd- . . ' on - 
1 

sub jec t s .  post-Me comparisons of iean percentage time-out 
- 

errors f o r  dominance l e v e l s  wi thin  l e a n i n g  groups supported 
- - - -- -- -- - - - - - - -- - - 

t h i s  i n t e r p r e t a t i o n  of t h e  group by dominance i n t e r a c t i o n ,  
% 

~ o m ~ a ' ~ i s o n  of  average performance ove r  t h e  f i v e  t e s t i n g  
I . . 

se s s ions  showed no s i g n i f i c a n t  d i f f e r ence  between high and 

l o w  domin&t i m i t a t i o n  subjects (Tukey liSD Tes t :  q =. 1.16, 
-4% 

a = 2 ,  d f , =  6 ;  n.s.);  while t h e  same comparison f o r ' t h e  non- 
# 

i m i t a t i o n  gmup ind ica t ed  s i g n i f i c a n t l y  g r e a t e r  percentage 

time-out er* s c o r e s  among hign dominant s u b j e c t s  (Tukey. 

HSD Test :  q = 3.52, a = 2 ,  df = 6;  p < .05).  
I .  

Tne s i g n i f i c a n t  gmup by s e s s i o n s  i n t e ~ a c t i o n  i n  r 
d 

ana lye i s  o f  percentage time-out error d a t a  reflects di fkerenf  :, 
*., - effects o f  t r a i n i n g  upon. t h e  two l e a r n i n g  groups, wi th  only -4: 

im i t a t i on  s u b j e c t s  showing improvement .as ~ a func t ion  o f  c d  N* 

. sess ions .  Figure 10 s n 9 s  t he  performance o f  each- ----- ---- 
- - 

- 

group as a funct ion of  t e s t i n g  sess ions .  Post-hoc two-way - - --- ', 

analyses  o f  var iance  we& conducted s e p a r a t e l y  f o r  each of  
-f22 

t he  l ea rn ing  groups. Analysis  f o r  t h e  imitation &?mu? Lin-. . .  ! * +  - f 





d ica t ed  t w o  s i g n i f i c a n t  sources  o f  var iance:  a dominance 

main effect (F = 8.43, df ,= 1,6; p < .025); and a s e s s i o n s  

main e f f e c t  (F = 2 .96 ,  df = 4 . 2 4 ~  < .05). S i m i l a r  .and- 

l y s i s  o f  non-imitat ion group .scores revea led  on ly  a s i g n i -  

f i d a n t  dominance main e f f e c t  (F = 19.36, df  = 1,s; p < .01). 

r e l a t e d  t o  s e s s i o n s  w a s  s i g n i f i c a n t  (F = 0.99, and F = 1.38, 

df = 4,23; p > .20). 
-- - a 

- - --- - - L . -  - --p-pp -- 
These analyses  i n d i c a t e  g r e a t e r  v a r i a b i l i t y  i n  

t 
. 

performance axnofig non-imitation s u b j e c t s ,  s i n c e  t h e  error 

term (var iance  between s u b j e c t s  y i t n i n  dominance l e v e l s )  w a s  
I 

l a r g e r  i n  t h e  l a t t e r  ana lys i s .  Greater v a r i a b i l i t y  rendered 

t h e  apparent t rend '  f o r  i n c ~ a a s e d  percentage time-out 
' 

- .- 
errors among non-imitat ion s u b j e c t s  non-s ignif ic&t  (see 
e 

Fig. 9 ) .  Moreover, s epa ra t ion  of  ermr var iance  for each , 

l e a r n i n g  group r evea l s  d i f f e r ences  i n  performance between 
T?' * 

high -and low s t a t u s  i m i t a t i o n  s u b j e c t s  which correspond 
< 

, t o  general  dominance d i f f e r ences  i n  t h e  i n i t i a l  o v e r a l l  

ana lys i s .  These d i f f e r e n c e s  w e r e  obscured i n  t h e  post- .. 
hoc comparison and a n a l y s i s  o f  the  group by dominance 

. 

i n t e r a c t i o n - d u e  to pool ing of  error variance for t he  two -- 

0 

l e a rn ing  gmups. * 
Three-way ana lys i s  o f  var iance  on percentage 

a l t e r n a t i o n  errors i n d i c a t e d  only  a s i g n i f i c a n t  ses&ions  

. - 
$ 

6 
.- if 



- 
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\ 
5 3 

p 

1 
main e f f e c t  (F = 16.74 , ,df  = 4,47; p < . O O l ) .  Th i s  effect ,  + 

i- 

i l l u s t r a t e d  i n  F igure  ll, r e f l e c t s  a d e c r e a s i n g  t ~ n d  i n  

percentage  a l t e r n a t i o n  errors for  all s u b j e c t s  as a f u n c t i o n  

v of t e s t i n g  l e s s i o n s .  F - h o c  comparisons between. 

s i s s i o n  means showed a i  s i g n i f i c a n t  c k e  - i n  a l t e r n a t i o n  
i 

--- ---- -- 
performance b e t ~ e e ~ t l i i e "  second ind%ird s e s s i o n s .  Only 

\ -*- 
-- 

t h e  d i f f e r e n c e  aetween m e ~  performance i n  t h e s e  two suc- 

-- PI c e s s i v e  s e s s i o n s  - - was - - -- s i g n i f i c a n t  - - - - - (Schef fe  T e s t :  F = 2.78, 
-d- .. - - -- - 

*j 
- R e s u l t s  S u m m a r y  

Five performance measures w e =  examined as re- 

f l e c t i n g  s p e c i f i c  t a s k  demands o f  t h e  cued-a l t e rna t ion  
* 

& 

5 problem. There were pe rvas ive  - l e a r n i n g  group d i f f e r e n c e s  

i n  i n i t i a l  response  l a t e n c i e s  tnroughout  t r a i n i n g  which 

favored  i m i t a t i o n  subjects, Analys is  of t o t a l  responses  - 

p e r  s e s s i o n  r e v e a l e d  e q u a l l y  s t m n 4  and c o n s i s t e n t  d i f -  - 

f e r e n c e s  i n  f a v o r  o f  h ign  dominant s b j e c t s .  Tne r a t i o  o f  

= i n f o r c e d  responses  to  total response o u t p u t  was analyzed 
* 

as an index o f .  response  e f f i c i e n c y .  Ana lys i s  o f  t n e s e  
- - A - -- - - - - - - - 

# d a t a  i n d i c a t e d  a g e n e r a l  t r e n d  for improvementQ among a l l  
- - - - - - - - - - - - g 

s u b a c t s ,  bu t  b e t t e r  performance ~y i m i t a t i o n  g m u p  memDers 

i n  t h e  l a s t  two t e s t i n g  s e s s i o n s .  F i n a l l y ,  a n a l y s e s  o f  





- \  

? - 
i 

b 
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a- 

ermr measures i n d i c a t e d  g e n e r a l  improvement a m n g  a l l  . 

s u b j e c t s  o n  a l t e r n a t i o n  demands o f  t h e  l e a r n i n g  t a s k ,  bu t  
> 

Q 

group and dominance d i f f e r e n c e s  on s u c c e s s  w i t h  t h e  t i m e -  ' 

out requi rement .  Examiliation o f  pe rcen tage  t ime-out 

' e r r o r s  kdicated: s i g n i f i c a n t l y  g r e a t e r  G e n t a g e  errors 

-- - --A- 

,' & among high-nt ~Ub-fects,, e s p e c l - m y i n  t n e  non-lii6X%iC10n 
.a 

group; and .a s i g n i f i c a n t  d e c r e a s e  i n  error scores as a func- 

- -- 
t i o n  of t e s t i n g  s e s s i o n s  'only f o r  members of tne i m i t a t i o n  

- - - - - - - - - -- - - - .- - 

,----- 

l e a r n i n g  group. 

- 
% 

4 

f 

d f 

, 

t 
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t s b  / 

Di's cuss ion  

l e a r n i n g  and I m i t a t i o n  
t 

-P 

4 
Three measures o f  l e a r n i n g  performance provide  

- evidence  o f  i m i t a t i o n  i n  t h e  p r e s e n t  s tudy.  Latency of 
I 

i n i t i a l  r e sponse ,  pe rcen tage  correct of to ta l  response  

. o u t p u t ,  and pe rcen tage  t ime-out  ermrs i n d i c a t e  t ' na t  expo- 

s u r e  t o  the model impmvea bo th  response  a c q u i s i t i o n  ana 

response  e f f i c i e n c y  o n  t h e  l e a r n i n g  t a sk .  
1 I 

R P r i o r  o ~ s e r v a t i o n  of-  t h e  model cou ld  nave irn- 

proved i n i t i a l  re$ponse l a t e n c y  i n  a t  least  two d i f f e r e n t  

ways. Exposure t o  t n e  model's performance rxignf r e s u l t  i n  *. . 
\ 

- .  

c l o s e r  a t t e n t i o n  by t h e  o b s e r v e r  to impor tan t  f e a t u r e s  o f  - -  
C -, 

t n e  l e a v i n g  envimnment ,  and t h u s  f a c i l i t e t e  e a r l y  d i s - .  

covery o f  t n e  a 3 p m p r i a t a  i n s t r w n e n t a l  response.  an t h e  

o t n e r  nand, t h e  o b s e r v e r  may s t t e n d  d r i m a r i l y  to  t h e  con- 

- sequences of t n e  model's performance. Such a t t e n t i o p  might 

r e s u l t  i n  v i c a r i o u s  -inforcement a s t r e n g t h e n  modeling 
\ 

a c t i v i t y  (Bandura,' a965 1. riowever, s i n c e  t h e  magnitude 

o f  reward w a s  q u i t e  small, tne  model's d r i n k i n g  movements 
C 

w e r e  minimal. Tnus i.t is qwstionable w r r e t n e r - t h e  okserdr-- ' 

~ e n a v i o r  p r i o r  t o  his own exper ience  with the r e i n f o r c i n g  



5 7 f 
'mechanism. T h i s  c o n s i d e r a t i o n  i n d i c a t e s  t h a t  i n i t i a l  ex- 

J 
. ,  

posure  t o  the model probably  l v s u l t e d  i n  better a t t e n t i o n  
' 8  

by t h e  o b s e r v e r  t o  impor tant  f e a t u r e s  of t h e .  l e a r n i n g  

- e n v i m n d n t .  < 4 

> - 
M o r e ,  g e n e r a l  d i f f i c u l t i e s ,  w i th  t i le  . v i ca r ious  

re inforcement  i n t & r e t a t i o n  of i m i t a t i o n  effects on resd 
* -- 

Y 

p o n s e l a t e n c y  arise due t o  the l a c k  o f  s i g n i f i c a n t  change 

i n  t h i s ' p a r a r n e t e r  as a f u n c t i o n  .of m y e a t e d  xper ience  ac- . . 

z 8  .+e 
cord ing  t o  a Gica r ious  ~ e i n f o r c e m e n t  hfpotnes is .  Repeated 

- - - 
-- 

exposures  t o  t h e  npdel  s i ~ o u l d  have prov ided  a d d i t i o n a l  
\.+ + 

v i c a r i o u s  r e i n f o  cement, a i d  u l t i m a t e l y  have led to b e t t e r  

performance .by &mitation subjects. However, mean response  - rt 

l a t e n c i e s  did n o t  improve as a f u n c t i o n  of p r a c t i c e  f o r  

e i t h e r  l e a r n i n g  gr;gup. 
CC 

'The g e n e r a l  lack of p r a c t i c e  e f f e c t s  can oe ex- 

p l a i n e d  i n  terms of tile m u l t i p l e  re inforcement  cont ingen-  

cies i n  t h e  cued-a l t e rna t ion .  t a s k .  The t ime-out procedure 
rzr 

4 func t ioned  as an a v e r s i v e  cont ingency,  vh ich  u s w l y  pro- 

duces dec reased  to ta l  response emiss ion  (Ni l l enson ,  196 7 )  

or  s lower  rates o f  response  ( F e r s t e r ,  19581.. I n  a d d i t i o n ,  F- 
1) 

t h e  a l t e r h a t i o n  cont ingency a l s o  l e d  t o  f r e q u e n t  a v e r s i v e  

consequences. Of tman apprqprLate&y dehyed--responsep - -  

- 
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8 

is- 
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i 
- 

n e x t  re inforcement .  I n  t h i s  s e n s e ,  a l t e r n a t i o n  errors 
* 3 

u& f u n c t i o n a l l y  e q u i v a l e n t  t o  t ime-out  earn&.. The . 

a v e r s i v e  e f f e c t s  od t h e s e  l a t t e r a t a s k  demands may have 

. obscured'  any effect o f  e i t h e r  v i c a r i o u s ,  o r  e x p w i e n c e d  .' 

reward upon i n i t i d  r e e t e n c y .  1 
< 

-----A- - -- - Goioueve~, +he l a t e n c y  mesure does drbv ide  s t r i k -  

i n g  ev iaence  on t n e  ~ l a t i v e  importance of t r i a l - a n d - e r r o r  

grid i d t a t i g n _ l e a r n i n g .  Cornparirison o f  -- .first s e s s i o n  , mean 
=a 

l a t e n c y  f o r  i m i t a t i o n  s u b j e c t s  . w i t h  f i f t h  s e s s i o n  mean per-  

formance f o r  non- imi ta t ion  smjects i n d i c a t e s  t h a t  p r i o r  

exposure t o  a group member's a c t i v i - t y  w a s  a more s a l i e n t  

de terminant  o f  i n i t i a l  response l a t e n c y  t h a n  w a s  cons ider -  

able t r i a l - a n d - e r r o r  exper i ence  with* t n e  r e i n f o r c t k n t  
, , . . a 

c o n t i n g e n c i e s  o f  t h e  l e a r n i n g  task..  T h i s  f i n d i n g  s u p p o r t s  
a 

tiall's (1968) comments on t h e  extreme irnport'ance of social 

l e a r n i n g  t o  normal p r ima te  development. f - 
Tne- percen tage  c o r r e c t  measure of lea&ng was 

mre c l e a r l y  a f f e c t e d  by t r i a l - a n d - e r m r  exper ience .  a t n  - & 

* 

l e a r n i n g  -groups s i g n i f i c a n t l y  improved' o n  t h i s  parpmeter  as ' 

a f u n c t i o n  o f  p r a c t i c e .  I n  a d d i t i o n ,  t h i s  masure i n d l -  

c a t e d  t h a t  exposure  to -the model resulted in relat&vely- - - 

'of  mean percentage  c o r r e c t  scores f o r  tile two l e a r n i n g  

a groups s u g g e s t s  t ~ m t  p r a c t i c e  w i t h  t h e  l e a r n i n g  t a s k  nad 

f' 



A .  

more immediate e f f e c t ' u p o n  response e f f i c i e n c y ,  and t n a t  

a d d i t i o n a l  exposures  t o  t i le  model were necessa ry  t o  ex- 
I 

ceed t h e  b e n e f i t s  o f  t r i a l - a n d - e r r o r  l e a r n i n g .  

Exposure! t o  t n e  model may f a c i l i t a t e  l e a r n i n g  

by p e r m i t t i n g  mre e f f i c i e n t  use 'of  in fo rmat ion  ga ined  . 

d u r i n g  t r i a l - a n d - e r r o r  p r a c t i c e .  Without some e x p e r i a c e  

i n  t h e  l e a r n i n g  s i t u a t i o n  s u b j e c t s  may not  a t t e n d  t o  

critical- a s p e c t s - o f  tne modeP1s behavia,- Fur-exatnple7--- 

i n i t i a l l y  t h e  o b s e v e r s  may f a i l  t o  a t t e n d  to  t h e  nbde l ' s  
'p 

rate o f  performance, o r  t o  t h e  c o k l a Q o n  o f  h i s  responses  ,- , 
I 

wi tn  t h e  o n s e t  s f  t h e  tone .  A l t e r n a t i  ne t r a i l - a n d -  -s-,x.' 

B 
B 

error exper ience  may p rov ide  o p p o r t u n i t y  f o r  t he  o b s e r v e r  
i' ', * . , D 

t o  a p s o c i a t e  t n e  model's ~ e h a v i o r  wi th  d<liv=%. o f  rreuarq. 
%\ 
'-- 

>\ 

T n i s  l a t te r  a s s o c i a t i o n  would r e s u l t  i n  v i c a r i o u s .  mrn"&rce- 

rBnt  dur ing  t h e  l a t e r  v a t i o n d l  p e r i o d s ,  and t h u s  lsaa 

t o  improved e f f i c i e n c y  l a t e  i n  t r a i n i n g .  , 

I t  i s  also p o s s i b l e  t n a t  t n e  e f f e c t  o f  model expo- 

s u r e  upon response  e f f i c i e n c y  r e f l e c t s  some form o f  de layed 

i m i t a t i o n .  T a i s  i n t e r p r e t a t i o n  would sugges t  t h a t  t h e  

t 4 

s u p e r i o r  response  f f i c i e n c y  of i m i t a t i o n  sub- jec t s  does P + 
', 

- - -- - - 
n o t  n e c e s s a r i l y  e n t a i J - a n  intefaction-oftrial-Shd-er*r ' 

i * w 

- Z e a r n i n i w l t n s u b s e q u e n t  oppor . tuni ty  f-bser-ng correct' 

- ' performance. However, d n l y  a * s e c o n d  i m i t a t i o n  group with- 
, " 

o u t  r e p e a t e d  model exposures  could  provide  d e f i n i t i v e  e v i -  
- 



dence f o r  d e l a y e d  i m i t a t i o n .  T h i s  a d d i t i o n a l  group might  

p r o v i d e  an i m p o r t a n t  e x p e r i m e n t a l  d e m o n s t r a t i o n  o f  unex- 

p e c t e d  i m i t a t i o n  c a p a c i t i e s  among macaque monkeys. 

Cxaminat ion o f  performance on t n e  two e r r o r  

measures c l a r i f i e s  t n e  i n t e r p r e t a t i o n  o f  l e a r n i n g  group 

d i f f e r e n c e s  i n  r e s p o n s e  e f f i c i e n c y .  There w e r e  no  d i f f e -  

r e n c e s  i n  p e r c e n t a g e  a l t e r n a t i o n  errors between t h e  two 

l e a r n i n g  g r o u p s ;  a l l  s u b j e c t s  improved i n  a l t e r n a t i o n  p e r -  

formance as a f u n c t i o n  o f  t e s t i n g  s e s s i o n s .  I n  f a c t ,  by 

t n e  l a s t  s e s s i o n ,  t h e  number o f  c o r r e c t  a l t e r n a t i o n s  w a s  

s i m i l a r  f o r  most s u b j e c t s ,  r e g a r d l e s s  o f  s t a t u s  o r  l e a r n i n g  

group. However, a n a l y s i s  o f  p e r c e n t a g e  t ime-ou t  e r r o r s  i n -  

d i c a t e d  t h a t  exposure  t o  t h e  model l e d  t o  s i g n i f i c a n t  de- 

c r e a s e s  i n  e r r o r  s c o r e s  as a f u n c t i o n  o f  p r a c t i c e  o n l y  

among i m i t a t i o n  s u b j e c t s .  T h i s  f i n d i n g  i n d i c a t e s  t h a t  d i f -  

f e r e n c e s  i n  l e a r n i n g  group r e s p o n s e  e f f i c i e n c y  r e s u l t e d  

p r i m a r i l y  from a smaller p e r c e n t a g e  o f  t ime-out  errors 

among i m i t a t i o n  s u b j e c t s .  F a i l u r e  o f  n o n - i m i t a t i o n  s u b j e c t s  

t o  improve t ime-out  e r r o r  performance  i m p l i e s  t h a t  exposure  

t o  t h e  model w a s  n e c e s s a r y  f o r  a c q u i s i t i o n  o f  a p p r o p r i a t e  

r e s p o n s e  t i m i n g .  however,  it i s  l i k e l y  t h a t  w i t h  add i -  

t i o n a l  t r a i n i n g ,  members o f  t n e  n o n - i m i t a t i o n  group would 

nave developed t h e  n e c e s s a r y  response  i n h i b i t i o n ,  s i n c e  

t h e  t ime-out  p r o c e d u r e  h a s  been used  s u c c e s s f u l l y  w i t h  

macaque monkeys i n  n o n - s o c i a l  e a r n i n g  e x p e r i m e n t s  
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'i, 
( S t e b b i n s ,  1971 1. K .* 

Demonstration o f  i m i t a t i o n  e f f e c t s  on time-out 

performance has  * i n t e r e s t i n g  t_neore t i ca l  i m p l i c a t i o n s .  An 

account  o f  t h i s  e f f e c t  i n  terms o f  v i c a r i o u s  re inforcement  

r e q u i r e s  t h e  assumption t h a t  o b s e r v e r s  v i c a r i o u s l y  e x p e r i -  
4 

- % enced t h e  a v e r s i v e  e f f e c t s  o f  theIPodells t ime-out errors. 
9 

'b Glven t h e  model's ext remely  low l e v e l  o f  such e r r o r s ,  

- t h i s  - - - - - - assumption - - seems - u n j u s t i f i e d .  pp - I m i t a t i o n  - - s u b j e c t s  -- - 
i* 8 

could  impmve on  thi$-  parameter  if t h e y  a t t e n d e d  t 4 t h e  . ~ 

- 

2 .  
a s s o c i a t i o n  o f  tone-onset  wi th  t he)model8 s respon T e *  o r  . 

, tt_ 
i f  t h e y  a t t e n d e d  t o  tile modgh's Fa te  o f  Fesponse and used 

t h i s  in fo rmat ion  t o  pace t h e i r  own a c t i v i t y  i n  t h e  ex?e r i -  - -  - 4 
0 

mental charnber. I n  e i t h e r  c a s e ,  inni ta t ion  e f f e c t s  on tne 

t ime-opt p a r a m f e r  sugges t  t n a t  improved l e a r n i n g  p e r f o r -  
I 

e mance r e s u l t e d  from o b s e r v e r  a t t e n t i o n  t o  t h e  model's per- 

formance i n  t h e  l e a r n i n g  environment,  r a t n e r  than v i c a r i o u s  

+- re inforcement .  

I n  summary, 

leari-iing o f  a complex 

t ency  and a c q u i s i t i o n  

o p p b r t u n i t y  t o  oose rve  a model impmves  

task '  by enhancing i n i t i a l  response la- 

o f  a p p r o p r i a t e  response  t iming.  Hodel 

. _ x  e x p o s u e  d i d  n o t  Lmpmve a c q u i s i t i o n -  of s ingle-& F'natmn - - - - - -- 
- Y-4- 

f a c i l i t a t e s  perfor4ance on temporal ,  r a t h e r  than  s p a t i a l  
I 

pa rameters  of l e a r n i n g .  F i n a l l y ,  i m i t a t i o n  e f f e c t s  provide  



no d i r e c t  e v i d e n c e  f o r  a v i c a r i o u s  r e i n f o r c e m e n t  view of 

modeling,  b u t  r a t h e r  s u g g e s t  t h a t  o p p o r t u n i t y  t o  o b s e r v e  

a  model r e s u l t s  i n  b e t t e r  a t t e n t i o n  t o  r e l e v a n t  f e a t u r e s  

o f  t h e  l e a r n i n g  s i t u a t i o n .  

S o c i a l  S t a t u s  as a Paramete r  o f  Learn ing  

Two performance measures ,  t o t a l  r e s p o n s e  o u t p u t  

and p e r c e n t a g e  t ime-out  errors, i n d i c a t e  t h a t  s o c i a l  s t a t u s  

i s  an i m p o r t a n t  d e t e r m i n a n t  o f  l e a r n i n g  performance.  Domi- 

n a n t  a n i m a l s  responded more o f t e n  d u r i n g  each  t r a i n i n g  

s e s s i o n ,  r e g a r d l e s s  o f  e x p e r i m e n t a l  t r e a t m e n t .  Such s t a t u s  

a i f f e r e n c e s  i n  t o t a l  r e s p o n s e s  p a r a l l e l  d i f f e r e n c e s  i n  i n i -  

t i a t i o n  o f  a g o n i s t i c  i n t e r a c t i o n  i n  t h e  s o c i a l  group.  I n  

b o t h  s i t u a t i o n s ,  a n i g n e r  f r equency  o f  r e s p o n s e  c n a r a c t e r -  

i z e d  n i g h  s t a t u s  an imals .  T h i s  comparison i n v i t e s  s p e c u l a -  

t i o n  a b o u t  g e n e r a l i z e d  r e s p o n s e  d i s p o s i t i o n s  a s s o c i a t e d  

w i t h  s o c i a l  dominance. However, s t a t u s  d i f f e r e n c e s  i n  

t o t a l  r e s p o n s e s  s h o u l d  f i rs t  be c o n s i d e r e d  i n  r e l a t i o n  t o  

similar d i f f e r e n c e s  i n  t ime-ou t  performance.  

C o r r e c t  performance w i t h  r e s p e c t  t o  t ime-out  

demands o f  t h e  l e a r n i n g  t a s k  r e q u i r e d  t n a t  s u b j e c t s  i n h i b i t  

r e s p o n s e s  d u r i n g  t h e  t ime-out  p e r i o d .  S t a t u s  d i f f e r e n c e s  

i n  this performance s u g g e s t  d i f f e r i n g  r e s 2 o n s e  s t r a t e g i e s  

w i t h  r e s p e c t  t o  t h e  m u l t i p l e  c o n t i n g e n c i e s  o f  t h e  cued- 



. 
C 

* , 

6 3  

a l t e r n a t i o n  t a s k .  riigl? s t a t u s  s u b j e c t s  maxiinized t o t a l  
> 

nurmer of re i ra rds  by i n c r e a s i n g  tpil reswnse o u t p u t .  

T A A ~ S  s t r a t e g y  is m o s t  s e n s i t i v e  to  reward cont inge_ncies ,  - 
. - 

and r e l a t i v e l y  ' i n s e n s i t i v e  t o  the punitive t ime-out gro-  

cedure .  Such a n  em2hasis on reward leads t o  a g r e a t e r  ' 
-- - 

, 
p e r c e n t a g e  t ime-out  error score fo r  domiilant b q i m a i s .  

I n  c o n t r a s t ,  low s t a t u s  s u b j e c t s ' r n a i n t a i n e c  an e4uiva-  

sponse  o u t p u t .  3at . ler  t n a n  maximizing r e r J a  a nese Qt 8 
s u b j e c t s  a p p e a r  t o  minimize a v e r s i v e  t ime-out  e r m r s .  

S m i r  s t r a t e g y  i s  most s e n s i t i v e  t o  p u n i t i v e  consequences 
Cc 

. o T  t n e  t ime-out p rocedure , -  and t n u s  results i n  b a t t e r  t e n -  

p o r a l  s p a c i n g  of r e sponse  e m i s s i o f l  Although suc.a l o w  res- 
* 

ponse rates y i e l d  fewer rewarcis z a r l y  i n  t r a h i n g ,  ay t i ~ e  - - - . -  - _ _-- - 
s - . - 

fi f t n  sfssion s u b o r d i n a t e  anilpals.  -- acni&e a - l e v e l  of c o r r e c t  
\ 

a l t e r n a t k o n  -.- p-erforrnance e q u i v a l e n t  t o  t n a t  o f  dominant 
. - -  - -- 

a n i m a l s  .. 
The l e a r n i n g  g m u p  dy social s t a t u s  i n t e r a c t i o n  

on tile t i d o u t  pa rame te r .  i n d i c a t e s  t n a t  t h e  e f f e c t  4 f  o, 

model e x p o s u r e  o i f f e r e d  &cord ing  t o  dominance s t a t u s  o f  
- - - - - - - - - - - - - - -- 

t i le  oDserver .  k i i &  status animals exposed t o  t h e  model 
-- - - -- - 

nad tewer t ime-out errors during t r a i n i n g  t h a n  n i g f i s t a t u s p  
! 

n o n - i m i t a t i o n  sub jerts. However, low s t a t u s ,  i m i t a t i o n  
C 

subjects nad mre time-&out errors t h a n  l o w - s t a t u s ,  non- 



i m i t a t i o n  s u b j e c t s .  T h i s  l a t t e r  d i f f e r e n c e  w a s  e s p e c i a l -  
1 

ly e v i d e n t  d u r i n g  the e a r l y  n ing  s e s s i o n s .  Observa- 
4 

1 

. - - - 
. - -  

t i o n  o f  t h e  mo'del._apparently - 
. -  . . - red - ina?pro? r l a t e  s t a t u s  

- . - - r e l a t e d  performance - p a t t e r n s  l e d  t o  a b e t t e r  approxi-  . 

JL - - mation o f  c o r r e c t  c u e d - a l t e r n a t i o n  performance. The F- A 

i 
- 

-- s u l t  i n g  s i m i l a r i t y  i n  ~ e r f o r m a n ~ ~ ~ h ; h l l a n ~ w m ~ ~ - ~ s  

oDservers  may r e f l e c t  an e s s e n t i a l  f e a t u r e  o f  social l e a r n -  

i n g  - t i le tendency for  sucn l e a r n i n g  t o  produce g r e a t e r  
-- ----A -- ------ -- --- 

b e n a v i o r a l  conformity among group members. 
b * 

The p reced ing  d i s c u s s i o n  h a s  focused  p r i m a r i l y  

t upon behav io r  i n  the$xperimental  s e t t i n  It i s  appm- i 4 
1 

p r i a t e  t o  s p e c u l a t e  about  t h e  o r i g i n s .  of ucn performance 
& 

d i f f e r e n c e s  as a functio-n-of p rev ious  l e a r n i n g  h i s t o r i e s  
_ _ _ _  ._- .- --- - 

tr - 

- - --ir tn~---&-oci Tie provoca t ive  p a r a l l e l  between . 1 . _,__ -- - - - 

t%tal response  o u t p u t  and frequency of i n i t i a t e d  agonism 

- s u g g e s t s  t h a t  s t a t u s  d i f f e r e n c e s  i n  response  d i s p o s i t i o n s  - 
u 

ma$ ~ e f l e = t  a d a p t a t i o n s  to  group l i v i n g .  

.d, Although dominance s t a t u s  w a s  a s s e s s e d  i n  terms 

- o f  dyadic social c o n f l i c t ,  dominance relations pervaded 
L S - - 

most social i n t e r a c t i o n s .  H i g v o m i n a n c e  - s t a t u s  provide.d 
\ 

- - 
a v a r i e t y  of s o c i a +  p r e r o g a t i v e s ,  e.g.  - p r i o r i t y  - to ----- fodd, 

- 
-- - - -- - - -- - -- 

k 
/ L 

t o y s ,  p r e f e r r e d  r e s t i n g  #p laces .  Dominant animals  o f t e n  
_ s  

, i n t e r f e r e d  i n  a c t i v i t i e s  o f  o t h e r  g m u p  members, and were 

a b l e  t o  e f f e c t i v e l y  & n t m l  much o f  t h e  behavior of their 
- - 



'. 
subord ina tes .  Moreover, when a h igh  rank ing  animal , w a s  

toward a subord ina te ,  As. a r e s u l t ,  h igh  d o e n a n t  animals  

seldom w e r e  f o r c e d  to completely i n h i b i t  a c t i v i t y . .  

- .  - - .  c o n t r a s t ,  . .  t h e  lowest rank ing  group members w e r e  cont inu-  
- - .  

--a&LJr,e-xgose d-=ke--bve ~ ~ - s ~ - ~ ~ - + . l ~ k i ~ ~ d &  

h i ~ i t i o n  o f  s p e c i f i c  responses.  Due t o  t h e i r  r e l a t i v e  
* 

s t a t u s ,  s u b o r d i n a t e  an imals  were cbmmonly f o r c e d  t o  w a i t  \ '  

- -  --A - -- - - -- - -- 
b 

for access to> d e s i r e d  goals .  I n  addi t ion;  s i n c e  t h e s e  

animals  w e r e  

t h e y  had f e w  
P , 

h a r a s s e d  by &most all o t h e r  group, 'members, 

subord ina tek  toward whom they could  redirect. 
4 

aggress ion .  

Such s o c i a l  dynamics could e a s i l y  ,produce spe- 

c i f i c  d i f f e r e n c e s  i n  response  d i s p o s i t i o n s ,  as w e l l  as 

' d i f f e r e n c e s  i n  l e a r n i n g  a b i l i t y  and i n d i v i d u a l  tempera- ! 

Ant. However, such  i n d i v i d u d  d i f  f e ~ e n c e s  a l s o  could  

p rov ide  'a b a s i s  f o r  t h e  developnient of t h i s  type  o f  . s o c i a l  

'&!ction. Animals wi th  g r e a t e r  t e n d e n c i e s  f o r  r e k p n s e  
-+ 

i n h i b i t i o n  are more l i k e l y  t o  p m v i d e  p o s i t i v e  r e i n f o r c e -  

ment f o r  opponents ' d u r i n g  a g o n i s t i c  i n t e r a c t i o n .  T h i s  

l a t te r  c o n s i d e r a t i o n  emphasizes t h e  r e spons iveness  o f  t h e  
- -- - - -- - - - - -- -- 

\ , 

- - v i c t i m  as t h e  p r imary  de terminant  o f  r e l a t i v e  s t a t u s .  I n  
- - - - - - - P P -. 

a f a i r l y  c l o s e d ,  p e r w n e n t  s o c i e t y ,  l i k e  t h a t  o f  mqcaque 

monkeys, g e n e t i c  d i f f e r e n c e s  i n  s o c i a l  temperament could  
- 

- -- -. 
I r ", . 



provide  a b a s i s  f o r  tne maintenance of in t ra -g roup  power ' 

nance s t r u c t u r e  i n  f e r a l  t r o o p s  is  un , . 2 
"... - 

a.  

o many converging f a c t o r s ,  nore exte 
. f 

l e a r n i n g  d i f f e r e n c e s  as a -.function o f  s o  s t a t u s  could  

o f f e r  fundamental i n s i g h t s  i n t o  both  t h e  o n t o g e n e t i c  and 

p n y l e t i c  de te rminan t s  o f  l i n e a r  dominance h i e r a r c n i e s .  

A major c r i t i c i s m  o f  e a r l y  o b s e r v a t i o a a l .  learn- 
* 0 '  

i n g  r e s e a r c h  focuses  upon t h e  ' d i f f i c u l t y  of r e ? a t i n g  ex- 
- 

5 

perirnental  r e s u l t s  t o  forms ' o f  i m i t a t i o n  obsebved i n  t h e  

s o c i a l  group ( h a l l ,  1 9 9 3 ,  1908).  The wre c o ~ r e h e n s i v e  
L, 

- /.-- fo rmula t ions  o f  animal i m i t a t i o n  ha& been d e r i v e d  from 

n a t u r a l i s t i c ,  r a t h e r  t h a n  exper imen ta l ,  s t u d i e s  ~f s o c i a l  
L -_- - 

P l e a r n i n g .  However, r e s u l t s  from t he  p r e s e n t  exper im&tal  = 

\ a n a l y s i s  can be r e l a t e d  t o  l e a r n i n g  concepts  d e r i v e d  p r i -  

mar i ly  from f i e l d  obse rva t ion .  

h t h o l o g i c A  views of l e a r n i n g  d i s t i n g u i s h  t h r e e  

forms o f  i m i t a t i o n  : s o c i a l  t a d l i t a t i o n  ; local ennancement ; 

f a c i l i t a t i o n  i n v o l v e s  tne e l i c i t a t i o n  by a social model 

- o f  a response  a l r e a d y  i n  t h e  o b s e r v e r ' s  r e p e r t o i r e ;  it is  

a form o f  i m i t a t i o n  '>II which no novel  response  is acqui red .  



The r e p o r t  o f  avoidance l e a r n i n g  among young P a t a s  rnonkejrsd 

(Hall 6 Goswell, 1964) p rov ides  an example o f  pr imate  s o c i a i  

f a c i l i t a t i o n ,  s i n c e  t h e  f e a r  response  ' w a s  ' e l i c i t e d  by obser-  
1 

v a t i o n  qf t h e  n o t h e r ' s  r e a c t i o n .  Local enhancenpnt refers 
"$ 

4 t 

t o  t n e  ab' l i t y  o f  a s o c i a l  d a l  t o  d i r e c t  t h e  a t t e n t i p  
- 

- P -- - 
o f  an observep t o  some s a l i e n t  f e a t u r e  o f  t h e  environment' ,  

and consequent ly  to  a c c e l e r a t e  trial-and-e-r-r- learn ing .  -.- -.- 

-- 
Tnis  form - - - o f  - - i m i t a t i o n  - - - - - nas  been viewed - as - - - a - s p e c i a l  - case  -- 

v - - -  
t .  

o f  s o c i a l  facilitation, bu t  it u s u a l l y  i m p l i e s  some form 

, o f  p e r c e p t u a l  l e a r n i n g '  (Thorpe , 1963) .. F%opa&tioh o f  t h e  
F 

* 

wheat-eat ing h a b i t  among =hers  o f  t h e  Minoo-B t r o o p  o f  
d 4 Japanese nkcdgues (Kawamura, 1363) can ue i n t e r p r e t e '  as 

a form o f  local enhancement, s i n c e  t h e s e  animals had t o  
L fl 

l e a r n  t h a t  wheat w a s  a n s e d i b l e  subs tance .  

Truep imi ta t ion  is  d i s t i n g u i s h e d  frpm t h e  above 

form$.Ydf'\imitation, e n c e  it e n t a i l s  sudden a c q u i s i t i o n  
1 

9 

o f  a novel  response  by t h e  o b s e r v e r  t d u g n  i n s i g h t  l e a r n -  
I 

i n g  (Tnorpe,  1 9 6 3 ) .  T h i s  d e f i n i t i o n  s t r e s s e s  t h e  o a s e r v e r ' s  
\ \ sudden r e o r g a n i z a t i o n  o f  p r i o r  exper i ence  d u r i n g  observa-  
w 

t i o n  o f  t h e  node1 is a c t i v h y .  I n d i v i d u a l  pmpagatioA o f  

- placer-mining: o f  wheat and potato-washing--in- t h e  - K o s ~ ~ m a  - - - --- 

t r u e - i m i t a t i o n  among f e r a l  monkeys (Kwnmer ,  1971) .  30th 
B 

of  t h e s e  novel  a c t i v i t i e s  require de lay  of normal a p p e t i -  
- *  , 



- . 6 8  
P 

t i v e  r e sponses ,  as w e l l  as i n s i g n t  i n t o  the  consequences - 
of t h e  behav io ra l  e lements  added t o  t h e  o l d  f e e d i n g  patc  

a 
P 

t e r n .  The p r e - c u l t u r a l  tryinsmission of novel  p a t t e r n s  

from parkn t  t o  o f f s p r i n g  u s u a l l y  i s  d i s t i n g u i s h e d  f r o m  

i n d i v i d u a l  propagat ion  o f  novel n p b i t s  ( K a w a i ,  1965 1. 

\ . = The former p rocess  u s u a l l y  e n t a i l s  t r i a l - a n d - e r r o r  l e a r n -  I , 
-- ----- 

i n g ,  and t h u s  can ue viewed as an example of local en- 

hancement. 

_ Only two o f  t h e s e  forms-of--imitation- a ~ - e v - i C e n ~ - -  
- -- -_ -_ - - - -  - - .  -. *L- 

i n  t n e  p r e s e n t  exper imenta i  analysi-s .  F i a t  s e s s i o n  imit~- - - .  - -  

t i o n  e f f e c t s  on  response  l a t e n c y  can be i n t e r p r e t e d  as 

evidence  f o r  l o c a l  enhancement. A c t i v i t y  o f  t h e  amode1 

dur ing  t h e  f i r s t  o b s e r v a t i o n  p e r i o d  provided  cues  f o r  t n e  

i m i t a t i o n  s u b j e c t s  whicn l e d  t o  e a r l y  d i scovery  o f  t n e  

7 a p p r o p r i a t e  i n s t r u m e n t a l  response.  Learning group d i f -  

f e r e n c e s  i n  l a t e n c y  performance d u r i n g  l a t e r  s e s s i o n s ,  

when allL s u b j e c t s  nad acqu i red  t h e  a p p r o p r i a t e  response ,  

? 
-. 

i n d i c a t e s  s o c i a l  facbli ta t  ion.  Even a f t e r  all  s u b j e c t s  

c *  ilad l e a r n e d  n o w  and where t o  respond,  p re - sess ion  expo- 

. sure t o  t h e  model r e s u l t e d  i n  fast,er i n i t i a l  performance 

i n  a l l  cases. 
- - I  - -- 

- I m i t a t i o n  effects on t i m e - o u t ~ p e r f o F m Z i c e  can 

- -- - be i r r t ~ e ~ e i U n e ~ - - ~ c a 1  ennancement or  social fa- 

c i l i t a t i o n .  If improvement on t n i s  parameter  r e s u l t e d  

-w 

i \ 
L 

9 
\ 



- from a s s o c i a t i o n  o f  t one -onse t  w i t h  toe model 's  r e s p o n s e ,  

t h e n  t h i s  i m i t a t i o n  e f f e c t  would be  an gxample  o f  local  

_ ennaricement. Fo r  i n  t n i s  case, the*  model would have a i -  
- 

r e c t e d  the o b s e r v e r l , s  a r t e n t i o n  t o  a s a l i e n t  f e a t u r e  of 
- -_  _ . 

t h e  envi ibnmenr  - i .e. ,  -tne t a n e .  If iinprovement r e s u l t e d  
-. 

-- - . from t r q  o b s e r v e r t %  a t t b n t i o n  to tne &@oral asiiects of 

t h e  mode2's r e s p o n s e  ? a t t e r n ,  tnen  tne i m i t a t i o n  e f f e c t  - - 
\ 

--- c o u l d  - be - -- art. - example - - of - s ~ c i a l  - --- -- f a c i l i t a t i o n .  - - - -  -- Iiowever, - -- --- s i c c e  I -  

t n e  o b s e r v e r s  may have j e e n  u s i n g  e i t h e r  of t n e s e  t w o  cues ,  
--- - - -*. i t - i s  n o t  p s s i u l e  t o  state g e n e r a l l y  wnicn form o f  i m i t a t i o n  

I .  

u n d e r l i e s  improvement on  t h e  t ime-out  Sa rame te r ,  

B 

I' 

I m 2 l i c a t i o ~  for F i e l d  Research 
4; 2 'I 

Tne p r e s e n t  r e s u l t s  i n d i c a t e  i r rL ta t iona  e f f e c t s  on 

performance o f  bo th  n i g n  and l o w  s t a t u s  s u o j e c ~ s - w ? ~ e n  p r i o r  

moti'v&ion and exposu re  t o  t.ir model a r e  ' c o h t m l l e d .  Tnig - 
' f i n d i n g  s u g g e s t s  tihat f a c t o r s  i n  t h e  n a t u r a l  s e t t i n g ,  o t n e r  

-- 

tnan s o c i a l  s t a t u s ,  may 2roauce  t n e  a 2 3 a r e n t  l a c ~  of  i r i t a -  
/ 

tion among dominant g roup  me~kers. S i n c e  most of t n e  f i e l d  
? 

r e s o r t s  o n  p r e - c u l t u r a l  d e v e l o p e n t  f o c u s  upon f o o d - r e l a t e d  
- - - - - - - -  - - ---- 

a c t i v i t i e s ,  p ' r i o r  d e p r i v a t i o n  l e v e l s  a& l i k e l y  tp ae impor- 

t a n t  d e t e r m i n a n t s  o f  i m i t a t i o n  o f  t h e s e  n o v e l  ( b e h a v i o r s .  

Obse rva t ion  of f e e d i n g  h a b i t s  among macaque monkeys i n d i c a t e s  
0 - A 

t h a t  nigher s t a t u s  a n i m a l s  have first access t o  food  r e s o u r c e s ,  

% 

P 

% i 



and t n a t  l o w e r  s t a t u s  animals o f t e n  approach t h e  feeding I 
area only a f t e r  t h e  n ighe r  ranking animals have depar ted  

( I tmi ,  1958; Fr i scn ,  1968). Such feed ing  h a b i t s  would 

c l e a d  t o  lower food motivat ion among high s t a t u s  group 
% , 

members .when a s u ~ o r d i n a t e  model derncjnstrafed t h e  novel 
Cg 

- - 

dcziy i ty- ._ i3oreoverth~t icen c ~ ~ f . s l u x z r d i ~ ~ h t ~ ~ ~ ~  

t o  feed  i n  t h e  prresence of  h igne r  s t a t u s  p o u ?  members V' 

would minimize the  l i k e l i n o o d  of  dominant animals be ing  
1 

- -- - - -- -- - - -- - - - -- - 

exposed t o  any novel food-re la ted  a c t i v i t i e s .  
- 

' TKUS, pr imate  s o c i a l  dominance may i n d i r e c t l y  

in f luence  i m i t a t i o n  i n  t n e  f i e l d  thrpugn its impact on 

- - - -  . 
- * d i s t r i b u t i o n  o f  food, resouyces,  and sacial spacing of 

. group members which r e s u l t  i n  d i f f e r e n t i a l  oppor tun i ty  f o r  
- 

exposure t o  t h e  s o c i a  model. Access t o  food resources  

I and s o c i a l  proximity are- .a lso  in f luenced  by o t h e r  dimensions 
h 

\ 
of  primate s o c i a l  o rgan iza t ion  which nave been r e l a t e d  t o  

' pre -cu l tu ra l  development. g in sh ip  bonds gene ra l ly  i nc rease  

t h e  l i ~ e l i h o o d  of s o c i a l  proximity and mutual feeding. 
, 

Thus a proximity p r i n c i p l e  may provide  a genera l  explana- 

t i o n  of the e f i e c t  of s o c i a l  r e l a t i o n s  upon i m i t i t i o n  i n  G 

f e r a l  primates.  
- - - d -  ( -  - --- - - - -- - - - -- - - - - - - 

An a d d i t i o n a l  determinant  o f  exposure t o  novel 
- -  - - -- - -- 

a c t i v i t i e s  i s  
G , 

of t h e  model. 

t h e  impact of t n e  o b s e r v e r  on t h e  perfo&ce 

Resu l t s  f r d m  the p r e s e n t  research i n d i c a t e  
G 

CI 
n 



" - - 

X 

$1 
Y 

r 

that s w o r d i n a t e  an imals  a r e  more s u c c e s s f u l  t n a n  dominant 
- 

animals  i n  d e l a y i n g  r6 ponses. Close proximi ty  o f  a high f 
/ - s t a t u s  animal o f t e n  r e s u l t s  ' i n  l o s s  o f  d e s i r a b l e  o b j e c t s  
i 

by s u b o r d i n a t e  group members. Consequently,  l o w  dominant 

animals  may have l e a r n e d  n o t '  t o  respond i n  . the  presehce  

of n i g h e r  rankin& group members. Such l e a r n i n g  w o d d  

prevent  t h e  animal  from o b s e r v i n g  t h e  nowel 
----- * 

a c t i v i t y  of '.- ~ e ~ o r t s  .. f r o m  f i e l d  s t u d i e s  

( Goo,dall, 1 9  71) i n d i c d  t h +  s u b o r d i n a t e  chimpanzees do 
-, 

- i n k i b i  t -he&--rebated ~ - p ~ ~ e m s o ~ v i n g  ac t iv i  ti es-when+" 

p h x i m i t y  t o  h i g h e r  s t a t u s  animals.  I n  t h e  p r e s e n t  expe- 
I - 

r iment  , o b s e r v e r a i n t e r f e r e n c e  wi tn  t h e  a c t i v i t y  o f  t h e  

I P 

mdel was preven ted  by t n e  des ign  o f  t n e  l e a r n i n g  appara tus .  

Adequate exposure  t o  the subord ina te  model's a c t i v i t y  l e d  

t o  demonstrat ion o f  i m i t a t i o n  l e a r n i n k  i n  n igh  s t a t u s  sub- 

j e c t s .  Perhaps t h e  appakent i m i t a t i o n  d e f i c i t s  song - 

k doinin&t feral monkeys. . v o n l y  reflect w d Q i n g  d e f i c  t s  
- 4 .--- 

among t n e i r  s o c i a l  s u b o ~ d i n a t e s .  "* 
J 

Pr * Since  t h e  p r e s e n t  researcn d i d  n o t  demDnst rate 
J 

5 

t i -ue- imi ta t ion ,  t h e  above 

p r e - c u l t u r a l  development v- 
t o  t h e  examples -of 

- - &- - - -- - - -- - - - - -- - - - - - - 

- w h e a t .  i f  -t~e:cse a c t i v i t i e s  require an abi l i ty  t o  i n h i b i t  

- 

normal a p p e t i t i v e  behavior ,  a t o l e r a n c e  o f  de lay  i n  con- 
v . , 



3 & 
I 

0 . I 

72 % 
A I 

summatory responses may facilitate a c q u i s i t i o n  bf. such novel  = % 

, pat  tern's., Greater concern with i k d i a t e  food consumgtion , 
. . 

may prevekt high s t a t u s  animals f m m  d i s ~ o v e r k n g ~ ~ e  bene- 
8 

f i t s  o f  the  washing habi t .  both of these  

examples of true- imitat ion e n t a i l  novel responses incorn- ;B 

pat i b l e  with normal feeding ~ e h a v i o r  (Tsumori , 196 7 ; 
.+ 

- - - A ---- -.- 
. Fr i$ch ,  1968). The f w d  mustmue thrown away or submerged 

1 

before it is  eaten.  Pernaps a c q u i s i t i o n  .of such incorn- 
, . 

- 

- . - pa tible E s p o n s e  q a t t e r n n q u i r e s  an u n u s u a l a b i l i t y t o -  







. - > 

\ a  

" 

75 
+ .  '. - -- 

Appendfx A 1: Assaults 
/ 

1 





"v I- 

Appendix A3: Chases 





gg '. . . 
* - 

- -  , 
,% 

f . .79 

Appendix A5: Threats 





Append ix A7: E~clus ions 









e-i 



' \ *  

L . 86 

9 
<. Appendix ~ 4 :  Clasp-pulls 









Y . 
L & 

!* 

90 /' 

-/ 
- - - 

Appendix C: 
I 

- 

d Performance -, of the Model 
3 \ 

\ 

C1 Model1 s Preltminary Performance during Alternation 
'a  . Training 

a 

-- - c2 Model's Perfgrmance during --- Observational Learning: 
a 

A. HighDominant.$ubjects 

B. Low Dominant subjects  . . 
i( 

1 

$c 

a 
"2 
* F  
d I &, ., 

4 ,  
I I 

. - 
', (7 

P WJ 1. 
6 ,A' 

a. \ 
'" 

I 

@'7 
- I 

- - - - - - - - - - - - - - - - - 
a 

- - - - - - - - - 
L %  

""3 

2.. 

* 

- - 

P' 
& 











Su
b-

 
je

c
t 

* 

A
p

p
en

d
ix

 D
 1 
: 

H
ig

h 
B

rn
in

sn
t 

Ir
n

it
a
t i

q
r 

7
 

P
 

:o
rr

e
J

 ~
l
t
.
 T/

O
 

T
ot

. 
R

es
p

. 
R

es
p

. 
9 

,I
t.

 
E

rr
. 

E
rr

. 
R

es
p

. 
L

at
*

 
R

at
e 

C 

su
b 
j
e
d
!
 

T
o
t
*
 

5 
v

r
. 

. 
I 

15
 

26
 

33
 

42
 

52
 

2
2

 7 1
3
 %\
 

17
 

27
 

3
1
 

,
 

5
0

 
68

 

1
3

 
7 1
2

 
2

1
 

27
 

T
/0

 
rr

. 44
 

. 

35
 

3
2
 

' 

2
0

 
14

 

$
 A

lt
o

 
E

rr
. 7 3

. 
- 
.6
0 

5
2
 

" 
48

 
4

0
 



6
 A

p
p

en
d

ix
 D

2:
 

Lo
w 

  
om
 i
n 
an
t 
Im

it
at

io
n 
Su
b 

j
e

~
t

s
 

~
r
r
. 
~

l
t

.
 T/

O 
T

o
t.

 
R

es
p

. 
R

es
p

. 
i6 

% 
t;
 

E
rr

. 
E

rr
. 

R
es

p
. 

b
t
.
 

Ra
te
 

C
r

 E
: 

Su
b 
- 

I 

je
ct
 

A 

T
O
 

k 
A

lt
. 

r . 
E

rr
, 



Su
b 
- 

je
c

t 

'A
p

p
en

d
ix

 
~

3
:

 H
ig

h
 

~
o

m
in

a
k

t N
o

n
-I

m
it

at
io

n
 

S
u

b
; 

I I I 

C
o

rr
. 

~
l
t
;
 

T
o

t,
 

R
es

p
. 

R
es

p
. 

% 
T

o
t.

 
A

l
t

o
 )
 Er

r.
 

R
e

~
p

. 
L

at
. 

R
at

e 
C

o
rr

. 
I 

. .
 

0
 

$
 A

lt
. 

;r
r*

 
E

rr
. 



Su
b 
- 

je
c

t 

A
pp

en
di

x 
~

4
:

 Lo
w

 D
om

in
an

t 
N

on
-T

m
it

at
io

: 
(
*
 =

 
es

ti
m

at
ed

-'
sc

o
re

) 

A
lt

. 
.E

rr
. Q 

32
 

67
 

83
 

64
 

T
/O

 
T

ot
. 

R
es

p.
 

R
es

p.
 

8 
E

rr
. 

R
es

p;
 

L
at

. 
R
a
t
e
 

CI
 

'C 
o 

o 
1

8
0

0
.0

 
.o

o1
 

1
 

39
 

47
8.

4 
-0

0
2

 

, 
S

u
b

 je
c 

T
ot

. 
I 

rr
. 

I
 

13
* 

1
5

 
25

 
26

 
--
 

40
 

1
4

 
0 

35
 
,.
 

2
0

 
0
 

0
 

0
 

1
3
 

33
 

46
 

1
4

 
3

4
 

33
 

29
 

27
 

6 

3 

m
 

T/
O

 
8 

A
lt

. 
'r
. 

E
rr

. 



E l  &dell s Correct ~ l t e r n a t i o n  Performance. 
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E2 
-u---- Model I s A l t e r n a - f _ 1 9 _ n , E m ~ - -  

E3 4 Model's Time-out Errors 
a Br r 

~ 4 '  ' ~ x p e r l m e n t d  Response Rate 
-- 

e 
- - L - -  

.-I. . 
T7- -- 

- - - - - - - - - - - - - - 

~3 *-yL Experimental Total Responses 
\ 

~6 Experimental Percentage Correct of Total 
&&p * 

E7 Imitation Group Percentage 6orrect of Total 

, ~8 Non-Imitation Group Percentage Correct of ~ o t d l  
a; 

E9 Experimental Percentage Time-out Errors /- 
E l  0 Imitation Group Percentage Time-out Errors ' 

. . 

E l l  , on-Imitation Group Percentage Time-out Errors .  
- 5 

rcentage Alternation Errors 
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