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ABSTRACT

F o llo w in g  th e  m ethods o f  G ardner and G ardner [1969] and Fouts

[1 9 7 3 ], ten  s ig n s  (A m erican S ig n  Language) w ere t r a in e d  to  fo u r  

ju v e n i le  o ra n g u ta n s . None o f  the s u b je c ts  a c q u ire d  a l l  o f  the 

s ig n s  even a f t e r  2400 t r i a l s  d i s t r ib u t e d  o v e r 15 m onths.

However, a l l  o f the  s u b je c ts  a c q u ire d  some o f the  s ig n s .  An 

a n a ly s i s  of v a r ia n c e  o f  perform ance m easures in d ic a te d  t h a t  some 

s u b je c t s  le a rn e d  s i g n i f i c a n t l y  f a s t e r  than  o th e r s  and t h a t  some 

s ig n s  were e a s i e r  to  a c q u ir e  than o th e r s .  Two caged an im als 

le a rn e d  s ig n s  s i g n i f i c a n t l y  f a s t e r  th an  d id  two uncaged ones, 

though t h i s  was p ro b a b ly  due to  the  e x c e p tio n a l  s c o re s  o f one 

in d iv id u a l .  Three f a l s i f i a b l e  hypo theses to  ac co u n t f o r  the 

v a r ia n c e  in  s ig n  perfo rm ance were e v a lu a te d . Two h y p o th eses  were 

s u p p o rte d ; [1 ] M otor d i f f e r e n c e s  in  th e  g e s tu r a l  a s p e c ts  o f the 

s ig n  had a  s i g n i f i c a n t  e f f e c t  on s ig n  perform ance and [2]

s e l e c t i v e  a t t e n t i o n  to  th e  s ig n 's  r e f e r e n t  had a p o s i t iv e

r e l a t i o n s h ip  to  the  perfo rm ance  o f the  s ig n . The h y p o th e s is  th a t  

p r e - e x i s t in g  b e h a v io r  in  the  s p e c i e s ' n a tu r a l  b e h a v io ra l

r e p e r t o i r e  w ould f a c i l i t a t e  s ig n  le a rn in g  was n o t  su p p o rte d .



CHAPTER I

INTRODUCTION

The P s y c h o b lo lo g lc a l  P o te n t i a l  o f  Sign L e a rn in g  B ehav io r In  Apes:

E tho logy  may have deem phasized the s tu d y  o f le a r n in g  d u rin g  

th e  f i r s t  h a l f  o f  t h i s  c e n tu ry , b u t I t  h as  n ev e r d e n ied  the  r o le  

o f  l e a r n in g  In  m ed ia tin g  b e h a v io r  [L o re n z ,1935 ,1937 ]. W hile the 

a t t e n t i o n  o f  e a r ly  e th o lo g i s t s  was on th e  e v o lu t io n a ry  

r e l a t i o n s h ip  o f  f ix e d  a c t io n  p a t t e r n s .  Im p r in t in g , and o th e r  

fo rm s o f  In n a te  b e h a v io rs , com parative  p s y c h o lo g is ts  and le a r n in g  

t h e o r i s t s  w ere fo c u s in g  on c l a s s i c a l  c o n d it io n in g . In s tru m e n ta l  

c o n d i t io n in g ,  h a b i tu a t io n ,  and o th e r  le a r n in g  phenomena. T h is  

d i f f e r e n c e  In  em phasis, how ever, has  n e v e r  been a b s o lu te ,  and In  

r e c e n t  y e a rs  b e h a v lo r ls t s  from bo th  e th o lo g y  and com parative  

p sycho logy  have come to  a p p re c ia te  the  s ig n i f i c a n t  

In te rd e p e n d e n c e  o f bo th  In n a te  and le a rn e d  com ponents In  b e h a v io r  

[ E lb l -  E lb e s f e ld t ,  1975]. Today the l i n e  betw een the  two 

d i s c i p l i n e s  I s  b lu r r e d  a s  s c i e n t i s t s  from  zoo logy , psycho logy , 

and a n th ro p o lo g y  e x p lo re  b e h a v io r  from e v o lu t io n a r y ,  e c o lo g ic a l ,  

and d eve lopm en ta l p e r s p e c t iv e s .

In  t h i s  t r a d i t i o n ,  the  s tu d y  o f s ig n in g  b e h a v io r  In  ap es  

[G ardner & G ardner, 1969] p ro v id e s  the  co m p ara tiv e  and
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developm en ta l p s y c h o lo g is t ,  p h y s ic a l  a n th r o p o lo g is t ,  e th o lo g i s t  

and n e u ro p h y s io lo g is t  w ith  a  m ethodology t h a t  has p o t e n t i a l  f o r  

e n a b lin g  a  co m p ara tiv e  p e rs p e c tiv e  o f  p ro c e s s e s  and b e h a v io rs  

t h a t  a p p e a r  s im i la r  to  c e r t a in  human b e h a v io r s . S ince  g re a t  apes  

and humans a r e  so  c lo s e ly  r e la te d  from a g e n e t ic  and e v o lu tio n a ry  

p e r s p e c t iv e  [K ing & W ilson, 1975], th e  p o s s i b i l i t y  o f  homologous 

n e u ro lo g ic a l  p ro c e s s e s  and b e h a v io rs  c a n n o t be c u r s o r i l y  

d ism isse d . The r a th e r  c o n s e rv a tiv e  n a tu re  o f  n eu roana tom ica l 

e v o lu t io n  among th e  h ig h e r  p r im a te s ,  in  f a c t ,  su g g e s ts  th a t  

c e r t a i n  b e h a v io rs  a n d /o r  m ed ia tin g  n e u ro lo g ic a l  p ro c e s se s  a re  

l i k e l y  to  be homologous [D ingw all, 1975; P a rk e r  & G ibson , 1979].

O r ig in a l ly  developed  by co m p ara tiv e  p s y c h o lo g is ts  to  e x p lo re  

th e  com m unicative p o te n t ia l  betw een chim panzee (Pan t ro g lo d y te s ) 

and human [G ardner & G a rd n e r,1969, 1971], s ig n in g  s tu d ie s  have 

been expanded to  o th e r  s p e c ie s  [ P a t t e r s o n ,1978; S h a p iro , 1982] 

and to  noncom m unicative c o n te x ts  [M e llg ren , e t  a l . ,  1973]. One 

noncom m unicative c o n te x t  th a t  has  re c e iv e d  a t t e n t i o n  i n  a l l  ap e  

s ig n in g  p r o j e c t s  has  been the a c q u i s i t i o n  o f  s ig n s  ( i . e ,  le a rn in g  

s ig n s  to  a  c r i t e r i o n  o f  p e rfo rm an ce). The developm ent o f a  body 

o f  s ig n s  has  been a p r e r e q u is i te  f o r  exam ining  the com m unicative 

p o t e n t i a l  o f  a p e s ,  f o r  w ith o u t a  v o c a b u la ry  th e re  can be no 

e x p re s s io n  o f  p o t e n t i a l l y  com m unicative o r  l i n g u i s t i c  b e h a v io r . 

F re q u e n tly , th e  v o cab u la ry  s iz e  o f an  ape i s  c i t e d  a s  a  m easure 

o f  i t s  s ig n in g  a b i l i t y ;  however, the  q u a l i t a t i v e  and q u a n t i t a t iv e  

f e a tu r e s  o f  an  a p e 's  s ig n  v o c a b u la ry  may be a  fu n c t io n  o f  bo th

- 2 -



the  ach ie v e m e n ts  o f  the  ape and th e  t r a in in g  p ro c e d u re s  employed 

[S h a p iro , 1982].

An u n d e rs ta n d in g  o f th e  p sy c h o lo g ic a l p ro c e s s e s  u n d e r ly in g  

the le a rn e d  s ig n ,  l i k e  o th e r  le a rn e d  b e h a v io r , i s  p r e s e n t ly  

in c o m p le te . I t  i s  u n c le a r  w h e th er the  le a r n e d  s ig n  i s  the  

p ro d u c t o f  a s im p le  a s s o c ia t io n  betw een a  g e s tu r e  and a  r e f e r e n t  

o r o f  sym bolic r e p r e s e n ta t io n  [Savage-Rumbaugh & Rumbaugh,1978]. 

P ia g e t ia n  a n a ly s i s  o f  s ig n in g  b e h a v io r  [ C h e v a l ie r -S k o ln ik o f f , 

1981] and s tu d ie s  o f symbol le a rn in g  in  chim panzees 

[Savage-Rumbaugh & Rumbaugh, 1978] su g g e s t t h a t  th e  l e v e l  o f 

c o g n i t iv e  m e d ia tio n  i n  ape  s ig n in g  may be l im i te d  by t r a in in g  

p r o to c o l .  E x p e r im e n ta tio n  i s  n e c e s s a ry  f o r  d e te rm in in g  the  

n a tu r e  o f  the  r e p r e s e n ta t io n  i n  th e  s ig n  l e a r n in g  a p e . However, 

e x p e rim e n ta l p ro c e d u re s  e n a b lin g  an  ape to  l e a m  s ig n s  can be 

used  to  i d e n t i f y  b io lo g ic a l  and  e c o lo g ic a l  f a c t o r s  t h a t  n o t  on ly  

in f lu e n c e  the developm ent o f  a  s ig n  v o cab u la ry  In  one s p e c ie s  b u t 

may in f lu e n c e  the l e a r n in g  o f  an a lo g o u s  o r  hom ologous b e h a v io r  in  

o th e r  s p e c ie s .  T h is  s tu d y  was designed  to  e v a lu a te  s e v e r a l  

b io lo g ic a l  and e c o lo g ic a l  f a c t o r s  th a t  m ig h t in f lu e n c e  s ig n  

l e a r n in g  in  ju v e n i le  o ra n g u ta n s  (Pongo pygmaeus) . a s p e c ie s  whose 

s ig n in g  a b i l i t i e s  had re c e iv e d  l i t t l e  a t t e n t i o n .

"Language” L e a rn in g  E xperim en ts  w ith  A pes: A H i s to r i c a l

P e r s p e c t iv e :

F o llow ing  s c i e n t i f i c  a c c e p ta n c e  of D arw inian  th e o ry , s e v e ra l
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a tte m p ts  were made to  v e r i f y  the  g r e a t  a p e 's  c lo s e  r e l a t i o n s h ip  

w ith  humans i n  term s of m e n ta l i ty  [W itm er, 1909; F u rn e ss , 1916; 

K o h le r, 1927; Y erkes, 1929; K ob ts, 1935 ]. S ince  one p rom inen t 

v iew  o f  sp eech  i s  a s  a  window to  i n te l l i g e n c e  and m e n ta l i ty ,  

t r a i n in g  in  v o c a l E n g lish  was g iven  to  chim panzees and an 

o ran g u ta n  d u r in g  the f i r s t  h a l f  o f  the  tw e n tie th  cen tu iry . Witmer 

[1909] t e s t e d  and observed  a  chim panzee t h a t  was t r a in e d  f o r  

s ta g e  show s. The ju v e n i le  male chimp was g iven  a number o f  

manual p rob lem s to  so lv e  ( e . g . ,  open ing  boxes and lo c k s ,  u s in g  a 

hammer to  d r iv e  n a i l s  i n to  a  b o a rd ) w hich he d id  s u c c e s s f u l ly .  

W itmer a l s o  o b se rv ed  t h a t  the chimp was a b le  to  v o c a l iz e  th e  word 

"mama"; how ever, the  a r t i c u l a t i o n  o f  th e  word was s t r a in e d  and 

sounded l i k e  a  h o a rse  w h isp e r . Witmer concluded  t h a t  the  e a se  

w ith  w hich th e  chimp le a rn e d  to  p roduce  th e  l e t t e r  "p" ( in  on ly  a 

few m in u te s )  su g g ested  t h a t  the chimp co u ld  l e a m  to  a r t i c u l a t e  

most o f  th e  e lem en ts o f  speech  w ith in  s ix  m onths. He a ls o  

p r e d ic te d  t h a t  com parative ex p e rim e n ts  w ith  hom e-reared  apes 

would be co nducted  w ith in  a few y e a rs  tim e f o r  pu rposes o f 

s c i e n t i f i c  in v e s t ig a t io n .

F u rn e ss  [1916] re p o r te d  t h a t  h i s  e f f o r t s  to  tea c h  a  young 

o ran g u ta n  v o c a l  E n g lish  were r e l a t i v e l y  u n s u c c e s s fu l .  A f te r  

e x ten d ed  t r a i n in g  in  a hom e-type env ironm en t, th e  o ran g u tan  was 

on ly  a b le  to  v o c a liz e  two h o a rs e ly  e m itte d  and s t r a in e d  w ords, 

"papa" and " c u p ."

K ohts [1935] r a is e d  and o b se rv ed  a  young (1 .5  to  4 y e a rs  o ld )
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m ale chimpanzee In  h e r  Moscow home. The n o te s  she c o l l e c te d  on 

the ch im p 's  b e h a v io r  were l a t e r  compared w ith  th o se  from  h e r  own 

c h i ld  tw elve y e a rs  l a t e r .  She concluded  t h a t  th e  m en ta l 

c a p a b i l i t i e s  o f  the  chim panzee were q u a l i t a t i v e l y  d i f f e r e n t  from 

t h a t  of th e  human c h i ld .  However, the  f a i l u r e  o f  the  chim panzee 

to  a c q u ire  any  v o ca l v o c a b u la ry  was r e p o r te d ly  because  she d id  

n o t  a tte m p t to  p ro v id e  s p e c ia l  language t r a in in g .

D uring the  1 9 3 0 's , W.N. and L.A. K ellogg  [1933] c o n c u r re n t ly  

hom e-reared an I n f a n t  son and an I n f a n t  fem ale  chim panzee. For 

n in e  months th e  K elloggs observed  both  human and chimp v o c a l 

developm ent, b u t  u n lik e  K o h t's  o b s e rv a t io n a l  te c h n iq u e , th e  

K elloggs a tte m p te d  to te a c h  the  word "p a-p a"  to  th e  ch im p. 

Through manual m an ip u la tio n  o f  th e  l i p s ,  the  chimp made 

o c c a s io n a l l i p  r e a c t io n s .  However, she f a i l e d  to  p roduce  any 

m odulated sound. L ik ew ise , e f f o r t s  to  t r a i n  words to  th e

e x p e r im e n te r 's  own son was a t  the  same p e r io d  u n s u c c e s s fu l ,

a lth o u g h  the  c h i ld  was making b a b b lin g  and g u rg lin g  sounds.

The most e x te n s iv e  a tte m p t to  teach  a  chim panzee v o c a l 

language was made by K e ith  and C a th e rin e  Hayes d u r in g  th e  l a t e  

1 9 4 0 's . In  c o n ju n c tio n  w ith  Y erkes L a b o ra to r ie s  o f  P r im a te  

B iology In  F lo r id a ,  the Hayes o b ta in e d  a fem ale  chim panzee and

hom e-reared  h e r  b eg in n in g  on ly  a few days a f t e r  b i r t h  [H ayes,

1951]. M ain ta ined  w ith in  an  env ironm ent c lo s e ly  re se m b lin g  t h a t  

o f a human I n f a n t ,  the chim panzee, V lk l, was t r a in e d  f o r  s ix  

y e a rs . By em ploying the  m ost s o p h is t ic a te d  te a c h in g  te c h n iq u e s
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o f  th e  tim e , the  Hayes a tte m p te d  to  d e te rm in e  i f  V ik i c o u ld  be 

t r a in e d  to  deve lop  a more e x te n s iv e  v o c a b u la ry  o f  spoken  words 

than  th e  ap e s  in  the  s tu d ie s  d isc u sse d  above . The i n f a n t  chimp 

was g iv en  as  many e n v iro n m en ta lly  e n ric h e d  o p p o r tu n i t i e s  a s  

p o s s ib le .  D e sp ite  the  e n ric h e d  env ironm en t and le n g th  o f 

t r a i n in g ,  V ik i was on ly  a b le  to  produce th e  f o u r  w ords: "mama," 

"p ap a ,"  " c u p ,"  and "u p ."  A lthough they  were produced  in  bo th  

a p p ro p r ia te  and in a p p ro p r ia te  c o n te x ts  ( e . g . ,  "mama" was u t t e r e d  

to  Mrs. Hayes b u t some item s were n o t c o r r e c t ly  i d e n t i f i e d ) ,  the

v o c a l p ro d u c tio n s  were a p p a re n tly  d i f f i c u l t  f o r  V ik i .  F a c ia l  and

manual g e s t i c u l a t i o n s  f re q u e n tly  accom panied the  p ro d u c tio n  o f  a  

word. A d d i t io n a l ly ,  the  voca l p ro d u c tio n s  were f r e q u e n t ly

in a u d ib le  o r  h o a rs e ly  w hispered .

In  a  r e c e n t  s tu d y , L a id ie r  [1978] t r a in e d  an  i n f a n t  male

o ran g u tan  to  produce v o c a l iz a t io n s  in  a s s o c ia t io n  w ith  o b j e c t  and 

a c t io n  r e f e r e n t s .  A f te r  n in e  months o f  t r a in in g  u s in g  o p e ra n t 

c o n d it io n in g  m ethods m od ified  a f t e r  th o se  s u c c e s s f u l ly  employed 

w ith  a u t i s t i c  c h i ld r e n ,  th e  young an im al c o u ld  on ly  p roduce  fo u r  

sounds, " k u h ,"  " p u h ," " fu h ,"  and " th u h ,” though they  w ere used 

a p p r o p r ia te ly  in  a  v a r i e ty  o f c o n te x ts .  F o r exam ple, "kuh" was 

v o c a liz e d  a s  a  resp o n se  to  d r in k s  in  c o n ta in e r s  w h ile  "puh" was 

produced  a s  a s  r e q u e s t  f o r  c o n ta c t  and co m fo rt.

In  c o n c lu s io n , the  v a r io u s  a t te m p ts  to  te a c h  a n th ro p o id  ap es  

v o c a l lan g u ag e  have proven u n s u c c e s s fu l .  I t  has been a rg u e d  th a t  

the  r e s u l t s  of th ese  ex p erim en ts  confirm ed the  lo n g  h e ld
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p h i lo s o p h ic a l  b e l i e f  th a t  humans a r e  unique by v i r t u e  o f t h e i r  

un ique  l i n g u i s t i c  a b i l i t i e s  [Chomsky, 1968]. T h is ,  o f  c o u rse , 

assum es t h a t  v o c a l speech  i s  e q u iv a le n t  to  l i n g u i s t i c  

com petence. I t  can  be argued  s im i l a r l y  th a t  th e  n e g a tiv e  r e s u l t s  

o f  the  ex p e rim e n ts  do n o t  mean the  ape have no com petence fo r  

language p e r  s e , b u t  on ly  t h a t  v o c a l  language o r  sp eech  i s  

a p p a re n tly  n o t  w ith in  the  a n im a ls ' n e u ro b io lo g ic a l  c a p a c i ty .  

C e r ta in ly ,  th e  p o s s i b i l i t y  o f  e s ta b l i s h in g  o th e r  form s of 

i n t e r s p e c i f i c  com m unication canno t ru le  o u t a  l i n g u i s t i c  

i n t e r p r e t a t i o n  a p r i o r i .

P r io r  to  th e  1 9 6 0 's , l i t t l e  i f  any f a c tu a l  in fo rm a tio n  was 

known ab o u t g r e a t  ape n a tu r a l  b e h a v io r  o r  f u n c t io n a l  n e u ro lo g y . 

F ie ldw ork  done on th e  chim panzee s in c e  the p io n e e r in g  work o f van 

Law ick-G oodall [1968] has con firm ed  t h a t  chim panzee v o c a l iz a t io n s  

o c c u r in  em otive c o n te x ts  w ith  en v iro n m en ta l s t im u l i  seem ingly  

e l i c i t i n g  the  wide ran g e  o f  chim panzee sounds. N euroanatom ical 

s tu d ie s  w ith  o th e r  p r im a te s  s u g g e s t  t h a t  p r im a te  v o c a l iz a t io n s  

a r e  m ediated  p r im a r i ly  by n o n c o r t i c a l  re g io n s  o f th e  lim b ic  

system  [D in g w all, 1975]. A d d i t io n a l ly ,  s tu d ie s  o f  com parative  

la ry n g e a l  anatom y betw een ape  and humans have r e c e n t ly  confirm ed 

t h a t  a r t i c u l a t e d  speech  i s  an  u n s u ita b le  medium o f com m unication 

f o r  apes [L ieberm ann, 1968]. F i n a l l y ,  th e re  i s  a  grow ing body of 

ev id en ce  in  many le a r n in g  s tu d i e s  su g g e s tin g  t h a t  an im a ls  a re  

b io lo g ic a l ly  c o n s tr a in e d  to  th e  type  o f s t im u l i  and re sp o n ses  

t h a t  can be c o n d i t io n a l ly  p a ir e d  [B o lle s , 1970; B re lan d  &



B re la n d , 1961]. G ardner & G ardner [1971] p roposed  t h a t  c e r t a i n  

p o r t io n s  o f  an  a n im a l 's  b e h a v io ra l  r e p e r to i r e  may n o t  o n ly  be 

d i f f i c u l t  to  m odify b u t c o m p le te ly  r e s i s t a n t  to  m o d if ic a t io n . 

G re a t ape v o c a l iz a t io n s  may be such  b e h a v io rs .

I t  was n o t  u n t i l  1966, when G ardner & G ardner [1969,1971] 

showed th a t  Washoe, an i n f a n t  fem ale  chim panzee, c o u ld  be ta u g h t  

to  use  American S ign  Language (Am eslan) t h a t  the  v i s u a l - g e s t u r a l  

and n o t  the  a u d ito r y -v o c a l  mode was found to  f u n c t io n  a s  an  

e f f e c t i v e  medium o f two-way p ro p o s i t io n a l  com m unication . Dsed by 

th e  d e a f in  N orth  A m erica, Ameslan g e s tu re s  c o rre sp o n d  to  words 

and p h ra se s  [S to k o e , e t  a l . ,  1965] . The G ardners su sp e c te d  t h a t  

a chim panzee co u ld  u t i l i z e  t h i s  medium a s  g e s tu r in g  had been 

observed  w ith in  chim panzee com m unities in  th e  w ild  [van

L aw ick -G o o d a ll,1968]. In  f a c t ,  w h ile  w atch ing  a  f i lm  o f  V ik i 

a tte m p tin g  to  sp e ak , th ey  found they  cou ld  b e t t e r  u n d e rs ta n d  the  

i n t e n t  o f  the  g e s t i c u l a t i n g  chimp when th e  sound t r a c k  was

e lim in a te d .

Washoe was judged  to  be betw een 8 and 14 m onths o ld  when

t r a in in g  began. She was housed  in  a t r a i l e r  in  th e  c o n t in u a l  

p resen ce  o f human c a r e - g iv e r s  who e x c lu s iv e ly  used Ameslan to  

communicate among th em se lv es  a s  w e ll a s  w ith  Washoe. Ameslan 

s ig n s  became a p a r t  o f W ashoe's v o cab u la ry  in  re sp o n se  to  (1 )  

s u b je c t - d i r e c te d  a c t i v i t i e s  and (2 ) t r a i n e r - d i r e c t e d  a c t i v i t i e s .

(1 ) S u b je c t - d ir e c te d  a c t i v i t i e s :  Manual b a b b lin g , ana logous
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to  vo ca l b a b b lin g  in  human i n f a n t s ,  was o bserved  in f r e q u e n t ly  

d u rin g  th e  e a r ly  p a r t  o f th e  p r o j e c t .  The fre q u e n c y  of manual 

b ab b lin g  in c re a s e d  u n t i l  th e  end o f  the second y e a r  o f  th e  

p r o je c t ,  a f t e r  which i t  a p p a re n tly  was re p la c e d  by in c re a se d  

s ig n in g  a c t i v i t y .  O b se rv a tio n a l le a r n in g  o f  s ig n s  by Washoe 

re p re s e n te d  a  second type o f  s u b je c t -d i r e c te d  a c t i v i t y  w ith in  the  

s ig n  le a r n in g  c o n te x t .  Such le a r n in g  was in f e r r e d  inasm uchas 

Washoe began g e n e ra tin g  s ig n s  t h a t  were n o t i n te n t io n a l ly  ta u g h t 

( e . g . ,  "sw eet"  and " to o th b ru s h " ) .  Because Washoe was t o t a l l y  

immersed in  a s o c ia l  env ironm en t where s ig n in g  betw een humans was 

commonplace, o p p o r tu n i t ie s  f o r  s ig n  a c q u is i t io n  by o b se rv a tio n a l 

le a rn in g  were a v a i l a b le .  F u rth e rm o re , because  w ild  young 

chim panzees a re  known to  l e a m  many manual s k i l l s  ( e .g . ,  te rm ite  

f is h in g )  by o b se rv in g  o ld e r  and more ex p erien ced  chim panzees [van 

L aw ick-G oodall, 1968; P a rk e r  and G ibson , 1979], chim panzees may 

be p re d isp o se d  to  l e a m  c o o rd in a te d  hand movements by w atching  

c a r e - ta k e r s .  O b se rv a tio n a l l e a m in g  o f  s ig n s  became in c re a s in g ly  

e f f e c t iv e  a s  Washoe m atured .

(2 ) T r a in e r - d i r e c te d  a c t i v i t y :  A number o f  tech n iq u es  were

employed a c t i v e l y  to  t r a i n  Washoe. Shaping was one method th a t  

invo lved  rew ard in g  Washoe when she  made an ap p ro x im atio n  o f a 

s ig n . Over tim e s e v e ra l  s ig n s  ( e . g . ,  "open") w ere a c q u ire d  as  

su c c e s s iv e  ap p ro x im atio n s  were rew arded . A nother s u c c e s s fu l  

techn ique  was g u idance  o r m o ld ing , in  which W ashoe's hands were 

p h y s ic a l ly  m an ip u la ted  i n to  th e  p ro p e r  c o n f ig u ra t io n  by th e
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t r a i n e r .  S im u lta n e o u s ly , Washoe was p re se n te d  w ith  a  r e f e r e n t

( e . g . ,  an  o b j e c t  o r  a c t i v i t y )  so a s  to  d em o n s tra te  the  

a s s o c i a t i o n  betw een th e  s ig n  and th e  s ig n 's  r e f e r e n t .  F ou ts 

[1972] d isc o v e re d  t h a t  m olding was the most e f f e c t i v e  method of 

te a c h in g  s ig n s  to  Washoe and l a t e r  used  m olding e x c lu s iv e ly  to  

t r a i n  s ig n s  to  o th e r  chim panzees [F o u ts , 1973 ]. The l a s t

t r a i n e r - d i r e c t e d  method o f s ig n  l e a m in g  used by th e  G a rd n e r 's  

was i m i ta t io n .  By p ro v id in g  the  s u b je c t  w ith  an a c t iv e  model o f 

th e  s ig n  w i th in  a  s o c ia l  s e t t in g ,  the  t r a i n e r  in c r e a s e s  the

p r o b a b l i t i t y  o f  the  s u b je c t  le a m in g  the s ig n  through 

o b s e rv a t io n a l  l e a r n in g .  As Washoe m atu red , im i ta t io n  became an 

in c r e a s in g ly  more e f f e c t i v e  method of s ig n  t r a in in g .

By th e  tim e P r o je c t  Washoe te rm in a te d  in  1970, th e  chim panzee 

had le a  m e  d to  produce 130 s ig n s  i n  the  p ro p e r  c o n te x t  and in  

co m b in a tio n s  t h a t  seemed a p p ro p r ia te  to  th e  s o c ia l  c o n te x t .  

G ardner & G ardner [1 9 7 1 ,1 9 7 3 ,1 9 7 5 ], Brown [1 9 7 3 ], Bronowski & 

B e llu g i [1975] and  o th e r s  have an a ly zed  the  manual u t te r a n c e s  o f 

Washoe and  o th e r  s ig n in g  chim panzees in  r e l a t i o n s h ip  to  

c h i l d r e n 's  e a r l y  v o c a l u t te r a n c e s .  Many o f  th e  u t te r a n c e s  seemed 

an a lo g o u s to  th e  e a r ly  v e rb a l  s e n te n c e s  of c h i ld r e n  and even 

e a r ly  l i n g u i s t i c  com petence was in f e r r e d  from th e  s ig n in g  

b e h a v io r  [Brown, 1973].

S e v e ra l  ap e  " lan g u ag e"  r e s e a rc h  p r o je c t s  were developed  in  

th e  1970s w hich employed a r t i f i c i a l  v i s u a l  system s [Prem ack, 

1971; S h a p iro , 1975; Rumbaugh, 1977] o r  g e s tu r a l  system s [F o u ts ,
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1973, P a t te r s o n ,  1978; T e rra c e , 1979; M ile s , 1983]• The 

a r t i f i c i a l  v i s u a l  system s p e rm itte d  more com ple te  and s y s te m a tic  

d a ta  c o l l e c t i o n  than  p e rm itte d  in  s ig n in g  p r o j e c t s .  Premack 

[1971] ta u g h t  a  chim panzee a p l a s t i c  c h ip  system  in  which 

v a r io u s ly  c o lo re d  and shaped  p l a s t i c  p ie c e s  co u ld  be p laced  on a 

m agnetic  b o a rd  by e i t h e r  e x p e rim e n te r  o r  chim panzee a s  a  medium 

o f  com m unication . Premack u sed  th e  system  n o t  o n ly  to  

i n v e s t ig a t e  “lan g u ag e"  a b i l i t i e s  o f th e  chim panzee b u t  to  

e v a lu a te  th e  b a s ic  components o f  chim panzee i n t e l l i g e n c e .  

F o llow ing  Prem ack, S h a p iro  [1975] examined a  ju v e n i le  o ra n g u ta n 's  

a b i l i t y  to  produce and comprehend sequences o f c o lo re d  p l a s t i c  

p ie c e s  u s in g  a c o n d i t io n a l  d is c r im in a t io n  te c h n iq u e . Rumbaugh 

[1977] ta u g h t  a chim panzee to  o p e ra te  a  co m pu ter-based  lex ig ram  

system  a s  a  means o f  exam ining chim panzee com m unicative and 

l i n g u i s t i c  s k i l l s .  By p re s s in g  k e y s  on a p a n e l a r r a y ,  a sequence 

o f  le x ig ra m s  was p r o je c te d  on a  sc re e n  and th e  com puter e v a lu a te d  

and re c o rd e d  th e  p ro d u c tio n . I f  the  sequence  was c o r r e c t ,  

a c c o rd in g  to  the  preprogrammed s e t  o f  r u le s  t h a t  d e f in e d  the  

grammar o f  the  system , the  com puter a c t i v a t e d  m achines th a t  

d isp en sed  fo o d s  o r  d r in k s  o r  p ro v id ed  a c t i v i t i e s  ( e . g . ,  open a 

window f o r  o u ts id e  v ie w in g ) . The chim panzees in  b o th  P rem ack 's  

[1971] and Rumbaugh's [1977] s tu d ie s  and th e  o ran g u ta n  o f S h a p iro  

[1975] dem o n stra ted  b o th  the a b i l i t i e s  to  comprehend and to  

produce m essages o f v a r io u s  le n g th s  w ith in  th e  c o n s t r a in t s  o f  the  

sy stem s.
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F o llo w in g  the  su c c e ss  o f  th e  G ardners [1969, 1 9 7 1 ], Fou ts

[1974] ta u g h t  o th e r  chim panzees Ameslan and encouraged  

ch im p-to -cb im p s ig n in g  and te a c h in g  o f s ig n s .  P a t te r s o n  [1978] 

has t r a in e d  two g o r i l l a s  (G o r i l la  g o r i l l a ) to  u se  Ameslan. 

P a t te r s o n  [1978] has c la im ed  t h a t  one in d iv id u a l ,  Koko, a c q u ire d  

a working v o c a b u la ry  o f  s e v e ra l  hundred s ig n s  and used  th e  s ig n s  

n o t o n ly  to  r e q u e s t  item s and a c t i v i t i e s  o f  i n t e r e s t  b u t  a l s o  to  

rhyme, joke  and  i n s u l t  humans. Some o f  P a t t e r s o n 's  c la im s  have 

p roven  to be th e  m ost c o n t r o v e r s i a l  in  a l l  o f  a p e -s ig n in g  s tu d ie s  

[S e id en b e rg  & P e t t i t o ,  1979]. T e rra c e  [1979] and h i s  s tu d e n ts  

t r a in e d  a  m ale chim panzee to  communicate w ith  Am eslan. In  o rd e r  

to  i n v e s t ig a t e  the  r e l a t i o n s h ip  betw een the  s ig n s  produced  by the 

t r a i n e r s  and th e  ch im panzee. T e rra c e  [1979] employed v id e o ta p e  

e x te n s iv e ly  f o r  d a ta  c o l l e c t i o n  and a n a ly s i s .  S h a p iro  [1982] 

t r a in e d  a j u v e n i le  fem ale  o ran g u ta n  to  a c q u ir e  37 s ig n s  o v e r  19 

m onths of t r a i n in g  and concluded  t h a t  s ig n  a c q u is i t io n  r a t e s  were 

s im i la r  among a l l  th e  p o n g id s . M ile s  [1983] t ra in e d  a  young male 

o rangu tan  to  produce s ig n s  in  a  hom e-reared  s e t t i n g  s im i la r  to  

th a t  o f  th e  young Washoe. Most o f  th e s e  p r o je c ts  have been 

d isc u sse d  in  g r e a t  d e t a i l  e ls e w h e re , in c lu d in g  the  c o n tro v e rs y  o f  

the  i n t e r p r e t a t i o n s  o f  ape " l i n g u i s t i c ” b e h a v io r  [ e . g . ,  

S e idenberg  & P e t t i t o ,  1979; R is ta u  & R obbins, 1982; de Luce & 

W ild e r, 1983] and w i l l  n o t  be covered  h e re .

Background f o r  P re s e n t  S tudy:

F ou ts  [1973] r e p o r te d  th a t  th e  a c q u is i t io n  o f s ig n s  ( i . e . ,
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perform ance to  an  a r b i t r a r y  c r i t e r i o n )  by fo u r  young chim panzees 

in d ic a te d  a  g e n e ra l  chim panzee a b i l i t y  to  l e a r n  g e s tu r a l  s ig n  

p ro d u c tio n  (from  American S ign  Language o r  A m eslan). F o u ts 's  

s tu d y  n o t  o n ly  showed t h a t  the f i r s t  chim panzee g iv en  s ig n  

t r a in in g ,  Washoe [G ardner & G ardner, 1969, 1971], was n o t  un ique 

in  h e r  s ig n in g  s k i l l s ,  b u t  t h a t  th e re  w ere s i g n i f i c a n t  

d i f f e r e n c e s  in  th e  speed  w ith  which p a r t i c u l a r  s u b je c t s  a c q u ire d  

s ig n s  and w ith  w hich p a r t i c u l a r  s ig n s  were a c q u ir e d .  T h is  was 

ach iev ed  by u s in g  c o n s i s t e n t  t r a in in g  p ro ce d u re s  between 

d i f f e r e n t  ch im panzees and by a n a ly z in g  the perfo rm ance d a ta  w ith  

an a n a ly s i s  o f  v a r ia n c e  (ANOVA). A lthough v a r io u s  h y p o th ese s  were 

p re se n te d  a s  e x p la n a tio n s  o f th e  observed  v a r ia n c e s ,  none were 

te s te d  q u a n t i t a t i v e l y .

The p u rpose  o f  the  p r e s e n t  s tu d y  i s  to :  1) e l i c i t  the 

p ro d u c tio n  o f  s ig n in g  re sp o n se s  by fo u r  ju v e n i le  o ra n g u ta n s , 2) 

e v a lu a te  th e  e f f e c t  o f  v a r i a b le s  t h a t  cou ld  a c c o u n t f o r  the 

v a r ia n c e  in  s ig n  perfo rm ance by the o ran g u tan s  and 3 ) t e s t  

s e v e r a l  com peting  e x p la n a to ry  h y p o th eses  c o n c e rn in g  v a r i a b le s  

which m igh t a f f e c t  th e  r a t e  o f  s ig n  a c q u i s i t i o n .  A lso , some 

com parisons betw een th e  s ig n in g  a b i l i t i e s  o f  chim panzee and 

o ran g u tan  a r e  made. The c o l l e c t i o n  and e v a lu a t io n  o f such 

co m parative  d a ta  p e rm its  th e  n e c e s sa ry  p e r s p e c t iv e  in  the 

i n t e r p r e t a t i o n  o f  th e  s ig n in g  v o c a b u la ry  o f  g r e a t  a p e s .
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CHAPTER I I

METHODS

P r o je c t  S i t e :

These e x p e rim e n ts  w ere co n d u c ted  w ith in  the  c o n f in e s  o f  th e  

camp f a c i l i t i e s  a t  the  O rangu tan  R esearch  and C o n se rv a tio n  

P r o je c t  (CROP) lo c a te d  w i th in  th e  Tanjung P u tin g  N a tu re  R e se rv e , 

K alim antan Tengah ( In d o n e s ia n  B orneo; 2 °4 8 ' S, 111° 5 7 ' E ) . The

camp i s  su rrounded  by abandoned d ry  r ic e  f i e l d s ,  now covered  by 

e le p h a n t  g r a s s  ( Im nera ta  c y l in d r i c a l and bands o f  low land  

D ip te ro c a rp  f o r e s t ,  in c o r p o r a t in g  l im ite d  a re a s  o f  t r o p i c a l  h e a th  

f o r e s t ,  a l t e r n a t i n g  w ith  sh a llo w  p e a t  swamp f o r e s t s  t h a t  deepen 

and i n t e r d i g i t a t e  a lo n g  th e  r i v e r s .

The ORCP h a s  been i n  o p e ra t io n  s in c e  1971, d u r in g  w hich tim e 

p r o je c t  p e rso n n e l have s u p e rv is e d  the  r é in t ro d u c t io n  o f  fo rm e rly  

c a p tiv e  ( r é h a b i l i t a n t )  o ra n g u ta n s  i n to  the f o r e s te d  a r e a s  

su rro u n d in g  camp. Because f o r e s t  r e h a b i l i t a t i o n  i s  a  slow  

p ro c e s s , the  ORCP had an  a v a i l a b l e  group o f  young o ra n g u ta n s  in  

camp th a t  s e rv e d  a s  s u b je c t s  f o r  th e  s ig n in g  s tu d y .

S u b je c ts ;

Four ju v e n i le  (3 -4 .5  y e a r s  o f  age) o ran g u ta n s  o f unknown 

o r ig in  were s e le c te d  from a g ro u p  of r e h a b i l i t a n t  o ran g u ta n s  

m ain ta ined  a t  the  ORCP. A ll f o u r  o ran g u tan s  were q u a ra n t in e d  and
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ap p eared  h e a l th y  p r io r  to  t r a i n in g .  These fo u r  were g iv e n  s ig n  

t r a in in g  based  upon th re e  v a r i a b le s :  se x , h o ld in g  c o n d i t io n ,  and 

hand p re fe re n c e  (T ab le  I ) .  Due to  the  sm all number o f  s u b je c ts  

and number o f  v a r i a b le s  c h o sen , the e x p e rim e n ta l d e s ig n  was 

n e c e s s a r i ly  in co m p le te  ( in  t h a t  e ig h t  in d iv id u a ls  would have been 

needed to  r e p r e s e n t  a l l  com bina tions o f v a r i a b l e s ) .  The two 

"uncaged” s u b je c t s  (one m ale , P o la , and one fem a le . P r in c e s s )  

w ere r a is e d  in  a  human home p r io r  to  and d u rin g  th e  s tu d y  

(h o m e -re a re d ) . D uring  the  s tu d y  the uncaged s u b je c ts  were a l s o  

p e rm itte d  to  move f r e e ly  in  the  f o r e s t  su rro u n d in g  th e  camp a re a  

o f  the  ORCP ( f r e e - r a n g in g ) .  The uncaged s u b je c t s  re c e iv e d  

a d d i t io n a l  s ig n  t r a in in g  p r io r  to  and d u r in g  th e  p r e s e n t  s tu d y . 

The two o th e r  s u b je c t s  (one m ale . Ranta i  and one fem a le , Hampas) 

were caged betw een t r a in in g  s e s s io n s  u n t i l  th e  te rm in a tio n  o f the  

s tu d y . The caged  s u b je c t s  w ere g iven  s ig n  t r a in in g  o n ly  d u r in g  

th e  p re s e n t  s tu d y .

P r io r  to  t r a i n in g ,  e ig h t  p o t e n t i a l  s u b je c ts  were g iv en  two 

d i f f e r e n t  ty p es  o f  manual ta s k s  to  d e te rm in e  any d e g re e  o f  hand 

p re fe re n c e . In  one ta s k  (p ea n u t s e le c t io n )  the  s u b je c t s  were 

g iven  the o p p o r tu n ity  o f  u s in g  e i t h e r  band to  g ra sp  a  p e a n u t t h a t  

was p laced  a p p ro x im a te ly  20 cm from the  s u b je c t  and e q u id i s t a n t  

from b o th  h an d s . In  a second ta s k  (p e a n u t e x t r a c t i o n )  the  

s u b je c ts  were g iv en  tw enty  m inu tes to  e x t r a c t  c ru shed  and packed 

p e a n u ts  from h o le s  in  a  wooden b lo c k . M easures f o r  th e  p e a n u t 

s e le c t io n  t e s t  were based  on 24 t r i a l s  ( s ix  t r i a l s  p e r  t e s t  g iven
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TABLE I .  EXPERIMENTAL DESIGN FOR SIGN TRAINING PROGRAM

SUBJECT PRINCESS POLA HAMPAS RANTAI
SEX F M F M

CONDITION U U C C
HAND PREF LH RH RH LH

SIGN SIGN TRAINED TO RIGHT OR LEFT I

BIRD L L R R
BUG R R L L
GLASSES R R L L
GRASS R R L L
HAIR L L R R
HAT R R L L
MIRROR L L R R
NUT L L R R
SWEET R R L L
WATCH L L R R

M,F= MALE, FEMALE
0= DNCAGED (HOME-REARED/FREE-RANGING) 
C= CAGED
LH= LEFT HAND PREFERENCE 
RH= RIGHT HAND PREFERENCE 
L= LEFT HAND TRAINED 
R= RIGHT HAND TRAINED
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on fo u r  o c c a s io n s )  o f  l e f t  o r r i g h t  handed c h o ic e s . M easures f o r  

th e  p e a n u t e x t r a c t io n  t e s t  w ere based  on th e  number o f  r i g h t  o r  

l e f t  handed f in g e r  p robes u sed  by a s u b je c t  to  remove th e  p ean u ts  

d u r in g  two s e s s io n s .

Four o ran g u ta n s  t h a t  showed a s i g n i f i c a n t  (p<0 .05 , C hi-Square  

t e s t )  p re f e re n c e  to  u se  a p a r t i c u l a r  hand f o r  a g iven  ta s k  in  a t  

l e a s t  one o f  th e  two t e s t s  w ere chosen a s  e x p e rim e n ta l s u b je c t s .  

Most o ra n g u ta n s  showed hand p re fe re n c e  concordance f o r  bo th  

ta s k s .  In  s i t u a t i o n s  where th e r e  was hand p re fe re n c e  a m b ig u ity , 

th e  r e s u l t s  from the  p e a n u t e x t r a c t io n  t e s t  were chosen  a s  the  

t e s t  r e q u i r in g  m a n ip u la tiv e  s k i l l s  more s im i la r  to  th o se  used in  

s ig n in g .

M a te r ia ls :

Ten s ig n s  ( s ta n d a rd  A m erican S ign Language o r Ameslan) were 

t r a in e d  to  the  s u b je c ts  (T a b le  I I ) .  Ameslan s ig n s  a re  composed o f 

s u b u n its  c a l l e d  cherem es [S to k o e , e t  a l . ,  1965]. M in im ally , th re e  

cherem es d e f in e  a g iv en  s ig n :  hand c o n f ig u r a t io n , hand movement, 

and lo c a t io n  o f  a c t iv e  h an d . T hree o f  th e  t e s t  s ig n s  ( " h a t , ” 

" g la s s e s ,"  and "w atch” ) w ere the  same a s  th o se  ta u g h t to  F o u t s 's  

f o u r  chim panzees [19 7 3 ]. O th e r  s ig n s  were s e le c te d  because  t h e i r  

r e f e r e n t s  were n a tu r a l  a n d /o r  l o c a l ly  a v a i la b le  i te m s . A ll o f 

th e  s ig n s  had sm all p h y s ic a l  ite m s  a s  t h e i r  r e f e r e n t s  ( o b je c ts  

r e p r e s e n t in g  th e  s ig n )  and a l l  te n  s ig n s  re q u ire d  the  u se  o f  on ly  

one hand f o r  t h e i r  p ro d u c tio n .
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TABLE I I .  SIGNS TRAINED TO FOÜR ORANGUTAN INCLUDING 

REFERENTS AND MOTOR DESCRIPTIONS OF SIGNS

SIGN REFERENT(S) MOTOR DESCRIPTION

1. BIRD

2. BUG

RUBBER BIRD

PLASTIC
INSECT

THUMB AND INDEX FINGER 
OF COMPACT HAND GRABS 
AND PULLS PURSED LIPS 
REPEATEDLY (2-3  TIMES)

THUMB OF CURVED HAND 
CONTACTS NOSE

3 . GLASSES

4 . GRASS

5 . HAIR

6 . HAT

CHILDREN'S 
PLAY GLASSES

A BLADE OF 
GRASS

HUMAN HAIR

CHILDREN'S
HAT

INDEX FINGER EXTENDS 
FROM COMPACT HAND 
AND TOUCHES SIDE 

OF EYE

INDEX FINGER EXTENDS 
FROM COMPACT HAND 
AND SHAKES IN FRONT 
OF BODY (2 -3  TIMES)

THUMB AND INDEX 
FINGER OF HAND GRABS 
AND PULLS OWN HAIR 
REPEATEDLY (2 -3  TIMES)

PALM OF SLIGHTLY CURVED 
HAND CONTACTS TOP OF HEAD

7. MIRROR SMALL HAND 
MIRROR

FLAT HAND SHAKES 
IN FRONT OF BODY 
REPEATEDLY (2 -3  TIMES)
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TABLE II [Cont.]

SIGNS TRAINED TO FOUR ORANGUTAN 

INCLUDING REFERENTS AND SIGN DESCRIPTIONS

SIGN REFERENT(S) MOTOR DESCRIPTION

8. NUT

9 . SWEET

10. WATCH

PEANUT

SUGAR CANDY

TRAINER'S
WATCH

THUMBNAIL OF COMPACT 
HAND FLICKS AGAINST 
UPPER INCISORS 
REPEATEDLY (2 -3  TIMES)

INDEX FINGER EXTENDS 
FROM COMPACT HAND 
AND STROKES LIPS 
SEVERAL TIMES

INDEX FINGER EXTENDS 
FROM COMPACT HAND 
AND TOUCHES EAR
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A ssignm ent o f  S ig n s  to  S u b je c ts :

T ab le  I  i l l u s t r a t e s  th e  e x p e rim e n ta l d e s ig n  f o r  th e  s ig n  

t r a in in g  p rogram , in c lu d in g  the  a ss ig n m en t o f  th e  v a r io u s  s ig n s  

to  th e  s u b j e c t 's  hands. There was an  a_ p r i o r i  re a so n  to  su s p e c t  

t h a t  d i f f i c u l t y  in  e x e c u tin g  th e  g e s tu r a l  c o n f ig u ra t io n  o f  the 

s ig n  m ight n e g a t iv e ly  in f lu e n c e  s ig n  p e rfo rm an ce . Based upon the 

s ig n in g  b e h a v io r  o f  a  chim panzee [F o u ts , 1972 ], some s ig n s  had 

g e s tu r a l  c o n f ig u r a t io n s  th a t  were p r e d ic te d  to  be m o to r ic a lly  

d i f f i c u l t  f o r  o ran g u ta n s  to  p roduce . T hese s ig n s  were a ss ig n e d  

to  bo th  l e f t  and r i g h t  hand o f  a  s u b je c t  to  b a la n c e  any p o s s ib le  

e f f e c t  due to  hand a ss ig n m en t. For exam ple, because  th e  s ig n s  

" g ra s s "  and " m irro r"  a r e  formed by r e p e a te d ly  sh a k in g  the  a c t iv e  

hand m id - a ir  ( th e  m ost d i f f i c u l t  g e s tu r a l  c o n f ig u r a t io n  fo r  

ch im p an zees), th ey  were a s s ig n e d  to  o p p o s ite  hands- There was a 

s im i la r  ^  p r i o r i  rea so n  to  s u s p e c t  t h a t  f o o d - r e la te d  s ig n s  m ight 

be more m o tiv a t in g  f o r  o ran g u ta n s  th an  n o n fo o d - re la te d  s ig n s .  

C o n seq u en tly , th e  s ig n s  "n u t"  and "sw ee t"  w ere a ss ig n e d  to  

o p p o s ite  hands to  c o n tr o l  f o r  hand a ss ig n m e n t e f f e c t .  O ther 

p o s s ib le  s i m i l a r i t i e s  in  g e s tu r e s  o r  r e f e r e n t s  prom pted a 

b a lan ced  hand a ss ig n m en t f o r  s ig n  t r a i n in g :  cherem ic  lo c a t io n

( " h a t"  v s .  " h a i r " ) ,  an im al ( " b i rd "  v s .  " b u g " ) , and human 

im plem ent ("w a tch "  v s .  " g la s s e s " ) .  I f  a  g iv en  s ig n  were a s s ig n e d  

to  one hand o f  the  caged s u b je c t s ,  i t  was a s s ig n e d  to  the 

o p p o s ite  hand o f  the  uncaged s u b je c t s .
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T ra in in g  P ro c e d u re s ;

D uring  a t r a in in g  s e s s io n , p a i r s  o f  s u b je c t s  ( e i t h e r  bo th

caged  o r  b o th  uncaged) re c e iv e d  s im u lta n e o u s  t r a in in g  from two

t r a i n e r s  ( u s u a l ly  an  a s s i s t a n t  and m e). Each s u b je c t  re c e iv e d  

s ta n d a rd  t r a i n in g  u s in g  the m olding o r  g u id an c e  tech n iq u e  [F o u ts , 

1972, 1973], whereby the  s u b j e c t 's  h a n d (s )  was m anually

p o s i t io n e d  i n to  the  s i g n 's  p roper c o n f ig u r a t io n  by the t r a i n e r  

and moved th ro u g h  the s ig n 's  s p e c i f i c  ra n g e  o f m otion. But

in s te a d  o f t r a i n i n g  each  s ig n  c o n tin u o u s ly  to  a c r i t e r i o n  (a s  

done by F o u ts  [1 9 7 3 ]) , th e  o ran g u tan  s u b je c t s  re c e iv e d  o n ly  ten  

t r a i n in g  t r i a l s  f o r  a  g iven  s ig n  d u r in g  th e  c o u rse  o f each  

s e s s io n .  By d i s t r i b u t i n g  th e  t r a in in g  ( fe w e r  t r i a l s  over lo n g e r  

p e r io d s  o f  t im e ) ,  s u b je c t  i n t e r e s t  ( e a s i l y  l o s t  w ith  re p e a te d  

p r e s e n ta t io n s )  was m a in ta in ed . The t r i a l  was chosen a s  the  b e s t  

u n i t  f o r  m easu rin g  t r a in in g  e f f o r t  and  s u b je c t  perform ance 

th ro u g h o u t t r a i n i n g .  Each s e s s io n 's  t r a in in g  t r i a l s  (10 s ig n s  X 

10 t r i a l s / s i g n )  w ere p re se n te d  d u r in g  two s u b s e s s io n s . D uring  

th e  f i r s t  s u b s e s s io n , th e  s u b je c t  r e c e iv e d  f iv e  c o n sec u tiv e  

t r a i n in g  t r i a l s  f o r  each  o f  the ten  s ig n s  ( e . g . ,  f iv e  t r i a l s  f o r  

" b i r d ” were g iv e n , then f iv e  t r i a l s  f o r  "bug" were g iv en , e t c . ) .  

When a l l  th e  s ig n s  had been co v e red , the  two t r a i n e r s  exchanged 

s u b je c t s  and d a ta  books. The second s u b s e s s io n  was then  ex ecu ted  

l i k e  th e  f i r s t .  The p re s e n ta t io n  o rd e r  o f  th e  s ig n s  was v a r ie d  

(p seudorandom ized) a f t e r  s e v e ra l  s e s s io n s  to  m inim ize o rd e r  

e f f e c t s .
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The fo llo w in g  i l l u s t r a t e s  the  p ro ce d u re  f o r  a ty p ic a l  

t r a i n in g  t r i a l :  (1 ) a  p h y s ic a l  r e f e r e n t  f o r  th e  s ig n  was

p re s e n te d  to  th e  s u b je c t  ( e . g . ,  a  h a t  was h e ld  up  f o r  the  s u b je c t  

to  s e e ) .  (2 )  The t r a i n e r  then  asked  in  Ameslan and v o c a l 

In d o n e s ia n , "w hat ( i s )  t h i s ? . "  (3 )  The t r a i n e r  w a ite d  

ap p ro x im a te ly  f i v e  seconds f o r  a re sp o n se . (4 ) The t r a i n e r  

p ro v id ed  a  sm a ll food  rew ard w ith  p r a is e  o r  m old ing , c o n tin g e n t  

upon th e  re s p o n s e . I f  th e  s u b je c t  signed  c o r r e c t ly  ( i . e . ,  

r e f e r e n t  p r o p e r ly  i d e n t i f i e d  and in  good fo rm ), i t  re c e iv e d  the  

rew ard . I f  th e  s u b je c t  f a i l e d  to  s ig n , s ig n e d  in c o r r e c t ly ,  o r  

signed  p o o rly  ( i . e . ,  p roducing  two o f  the  th re e  g e s tu r a l  

components of th e  s ig n ) ,  the  s u b je c t 's  hand was m olded. M olding 

was a lw ays fo llo w e d  by a  sm all food rew ard . The re sp o n se  

( in c lu d in g  e r r o r s )  and m olding e f f o r t  were reco rd ed  a f t e r  each  

t r i a l .

When a  s u b j e c t 's  c o r r e c t  perform ance f o r  a  s ig n  reach ed  a t  

l e a s t  90% o v e r 15 c o n s e c u tiv e  s e s s io n s  (10 t r i a l s  e a c h ) , th e  s ig n  

was s a id  to  be  a c q u ire d  o r  fo rm a lly  le a r n e d .  The h ig h  

a c q u i s i t i o n  c r i t e r i o n  proved to  be a  re a s o n a b le  c h o ic e  f o r  

fo rm a lly  a s s e s s in g  s u b je c t  perfo rm ance. The number o f a c q u ire d  

s ig n s  o n ly  in c re a s e d  by one when the c r i t e r i o n  was dropped to  

75%. Im m ed ia te ly  fo llo w in g  a c q u is i t io n ,  the  s ig n  was te s te d  f o r  

two s e s s io n s  (20  u n re in fo rc e d  t r i a l s )  to  e v a lu a te  perfo rm ance in  

the  ab sen ce  o f  rew a rd .

T ra in in g  s e s s io n s  l a s t e d  ap p ro x im a te ly  one h o u r. No more
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th an  one s e s s io n  was g iv en  d a i ly  to  in d iv id u a l  s u b je c t s ,  and on 

some days no  t r a in in g  was g iv e n . T ra in in g  c o n tin u e d  f o r  over 240 

s e s s io n s  and was te rm in a te d  a f t e r  14 m onths.

S t a t i s t i c a l  T reatm ent o f  D ata :

S t a t i s t i c a l  t e s t s  were perform ed to  e v a lu a te  s u b je c t -  and 

s ig n - r e l a t e d  e f f e c t s .  I t  was p o s s ib le  to  perform  a , p r i o r i  and a, 

p o s t e r i o r i  t e s t s  to  de te rm in e  any  s ig n i f i c a n t  e f f e c t s  o f sex , 

h o ld in g  c o n d it io n ,  hand ( e . g . ,  h an d ed n ess , hand a s s ig n m e n t) , and 

s ig n - r e l a t e d  e f f e c t s  by u s in g  a  v a r i e ty  o f  s t a t i s t i c a l  p ro ced u res  

on the  a c q u is i t i o n  d a ta .  S ta n d ard  ANOVA and ANOVA w ith  

re p e a te d -m e a s u re s  were used  to  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  

betw een and among g roups. A v a r i e t y  o f  t - t e s t s  ( e . g . ,  p a ir -w is e ,  

W ilcoxon tw o-sam ple) and c o r r e l a t i o n s  were used to  e v a lu a te  

d i f f e r e n c e s  between means and r e l a t i o n s h ip s  betw een v a r i a b le s .

"S lope Perform ance M easure” a s  a Means o f  Perform ance 

A ssessm ent:

B ecause so  few s ig n s  were a c q u ire d  to  c r i t e r i o n ,  th e  common 

le a r n in g  m easure (accum ulated  t r i a l s  to  a c q u i s i t i o n )  cou ld  n o t be 

used  f o r  ANOVA. Three s u b je c t - s ig n  le a r n in g  c u rv e s  (F ig u re  l a - c )  

i l l u s t r a t e  how s ig n s  were c o r r e c t l y  perform ed o v e r  the  co u rse  o f 

t r a i n in g .  The f i r s t  cu rv e  ( l a ,  R a n ta i 's  perform ance o f  " h a t” ) 

d e p ic ts  ty p ic a l  a c q u is i t io n .  A lthough n o t  f u l l y  a c q u ire d , some 

s ig n s  ( e . g . .  F ig . lb )  were d e f i n i t e l y  perfo rm ed . F in a l ly ,  a few 

s ig n s  were n e v e r  c o r r e c t ly  perfo rm ed  d u r in g  t r a in in g  ( e . g . ,
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F ig u re  l e ) .  In  o rd e r  to  a n a ly z e  d a ta  on p a r t i a l l y  le a rn e d  s ig n s  

w ith  th e  ANOVA, th e  d a ta  w ere t ra n s fo m e d  to  y ie ld  a  m easure t h a t  

cou ld  r e p r e s e n t  bo th  a c q u ire d  ( to  c r i t e r i o n )  and n o n a c q u ired  

s ig n in g  p e rfo rm an ces . The tran sfo rm ed  v a lu e  (" s lo p e  perfo rm ance 

m easure" o r  SPM) r e p r e s e n t s  the  a v e ra g e  change in  perfo rm ance (% 

c o r r e c t )  f o r  an a v e ra g e  t r a in in g  t r i a l  ( i . e . ,  

" s lo p e " = o u tp u t/ in p u t) .  F o r th o se  s ig n s  t h a t  were a c q u ir e d ,  SPM 

was c a lc u la te d  by d iv id in g  th e  c r i t e r i o n  perform ance v a lu e  (90% 

o r s l i g h t l y  above) by the  number o f accum ulated  t r i a l s  r e q u ir e d  

to  re a c h  o r j u s t  exceed  90% c r i t e r i o n  (se e  Appendix A ). The 

a c tu a l  le a r n in g  c u rv e  f o r  an a c q u ire d  s ig n  i s  t y p i c a l l y  a  

n e g a t iv e ly  a c c e l e r a t i n g ,  m o n o to n ic a lly  in c re a s in g  curve w ith  an 

e x p o n e n tia l  s lo p e  im m ed ia te ly  p r io r  to  a sy m p to tic  perfo rm ance 

( e . g . .  F ig  l a ) .  Thus SPM does n o t r e f e r  to  the  l i t e r a l  s lo p e  o f  a 

l e a r n in g  c u rv e , b u t  an o v e r a l l  s lo p e  from s t a r t  to  c r i t e r i o n .  

For th o se  s ig n s  t h a t  w ere n o t a c q u ir e d ,  SPM was c a lc u la te d  by 

d iv id in g  th e  maximum perfo rm ance v a lu e  ( in  p e rc e n t  c o r r e c t )  by 

the number o f accum ulated  t r i a l s  to  t h a t  p o in t .  T h is  y ie ld e d  

v a lu e s  t h a t  ty p ic a l ly  w ere l e s s  than SPMs f o r  a c q u ire d  s ig n s .

ANOVA on SPMs:

The 40 SPMs w ere p la c e d  in  a 4 X 10 d e s ig n  ( s u b je c ts  X s ig n s )  

and s u b je c te d  to  a  s ta n d a rd  ANOVA ( S t a t i s t i c a l  A n a ly s is  System , 

SAS I n s t i t u t e ,  C ary , N .C ). S u b je c ts  and s ig n s  were assum ed to  be 

in d ep e n d e n t o f each  o th e r  and random ly drawn from a  la r g e  

p o p u la t io n . A lthough n o t  n o rm ally  r e q u i r e d ,  th e  s ta n d a rd  ANOVA
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p roduces  an e r r o r  term  t h a t  p e rm its  the  t e s t in g  o f  a s u b je c t  

e f f e c t .  I n  e x p e rim e n ts  w ith  la r g e  sample s i z e s ,  s u b je c t  

v a r i a b i l i t y  i s  assum ed to  e x i s t  and a tte m p ts  a re  made to  m inim ize 

i t s  e f f e c t  on th e  d ependen t v a r ia b le  o f  i n t e r e s t .  However, in  

d e s ig n s  w ith  sm all num bers o f  s u b je c ts ,  the e x te n t  o f  s u b je c t  

v a r i a b i l i t y  may be o f  i n t e r e s t ,  and the  e r r o r  term  in  the  ANOVA 

i s  s u f f i c i e n t l y  c o n s e rv a t iv e  to  in su re  a  r e a l  s u b je c t  e f f e c t  i f  

th e  F - t e s t  i s  s i g n i f i c a n t .
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CHAPTER I I I

RESULTS

A c q u is i t io n  a s  a Means of P e rfo m a n c e  A ssessm en t:

Many s ig n s  were n e v e r  a c q u ir e d ,  even a f t e r  2400 t r i a l s .  

In d ee d , o f  th e  40 s u b je c t - s ig n s  (4 s u b je c t s  X 10 s ig n s ) ,  o n ly  17 

were a c q u ire d  a t  the 90% c r i t e r i o n  l e v e l  (T ab le  I I I ) ,  an  a v e ra g e  

o f o n ly  4 .2 5  s ig n s  p e r  s u b je c t .  However, t e s t  perfo rm ance o f  

a c q u ire d  s ig n s  rem ained h igh  (above 80%) im m ed ia te ly  fo llo w in g  

t r a i n in g .  D e sp ite  the  low number o f  f u l l y  a c q u ire d  s ig n s ,  th e  

av erag e  s u b je c t  c o r r e c t ly  perform ed m u lt ip le  s ig n s  (mean= 8 .2 5  

s ig n s )  d u r in g  a t  l e a s t  one t r a i n in g  s e s s io n .

T ab le  IV c o n ta in s  the  " s lo p e  perfo rm ance m easure" o r  SPM 

v a lu e s  f o r  th e  s u b je c ts  and t h e i r  s ig n s .  The r e s u l t s  o f  th e  

ANOVA on SPM d a ta  a r e  p re s e n te d  i n  T ab le  V. T here  were b o th  

s i g n i f i c a n t  s u b je c t  and s ig n  e f f e c t s .

S u b je c t-R e la te d  E f f e c ts :

The o n ly  s u b je c t - r e l a te d  f a c t o r  t h a t  had a  s i g n i f i c a n t  e f f e c t  

was h o ld in g  c o n d it io n . O v e ra ll ,  caged s u b je c ts  o u t-p e rfo rm e d  

uncaged s u b je c t s  (p<0.0206; ANOVA w ith  re p e a te d -m e a s u re s ) .  T here  

was no s ig n i f i c a n t  e f f e c t  due to  the  s u b j e c t s '  sex  (p > 0 .5 2 0 9 ), 

and w ith in  s u b je c ts  th e  group o f s ig n s  t r a in e d  to  one hand were 

n o t  perfo rm ed  d i f f e r e n t l y  than  th e  group o f  s ig n s  t r a in e d  to  th e
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TABLE I I I .  SIGNS ACQUIRED BY FOUR ORANGUTANS

AT 90% LEVEL OF CORRECT RESPONSES

SIGN PRINCESS (F ) POLA (M) HAMPAS (F) RANTAI (M) SUM

BIRD 0 0 0 0 0

BUG 0 1 1 0 2

GLASSES 0 0 0 1 1

GRASS 0 0 0 0 0

HAT 1 1 1 1 4

MIRROR 0 0 0 0 0

NUT 1 1 1 1 4

HAIR 0 0 0 1 1

SWEET 1 0 1 1 3

WATCH 0 1 0 1 2

SUM 3 4 4 6 17

F= Female, 1= Sign  a c q u ire d  a t  90% l e v e l .
M= Male 0= S ig n  n o t  a c q u ire d a t 90% l e v e l
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TABLE IV. SLOPE PERFORMANCE MEASURES 

FOR FOUR ORANGUTANS

SIGN PRINCESS (F) POLA (M) HAMPAS (F) RANTAI (M) MEAN

BIRD .00252 .00000 .00000 .03424 .0092

BUG .00941 .06557* .04557* .08286 .0508

GLASSES .00050 .00096 .00435 .05529* .0153

GRASS .00167 .00000 .00091 .00000 .0006

HAT .07547* .06823* .09434* .08032* .0795

MIRROR .00047 .00299 .00137 .00000 .0012

NUT .10101* .10638* .18056* .12800* .1290

HAIR .01965 .00000 .00000 .04724* .0167

SWEET .05493* .03172 .06019* .05305* .0500

WATCH .00306 .06116* .02727 .05765* .037 :

MEAN .0269 .0415 .0337 .0539 .0390

(F )=  Fem ale, (M)= M ale, *== S ig n s  a c q u ire d  to 90% c r i t e r i o n .
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TABLE V. ANALYSIS OF VARIANCE FOR THE DIFFERENCES 

AMONG SIGNS ACROSS ORANGUTANS

SOURCE

AMONG ORANGUTANS 

WITHIN ORANGUTANS 

SIGNS 

RESIDUAL

TOTAL

MEAN
SQUARE

0.001341

0.006601

0.000389

0.001896

DEGREES OF 
FREEDOM

9

27

39

F
RATIO

3 .4 5

16.97

0.0305

0.0001
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o th e r  hand (p > 0 .9 5 1 3 ). Because caged and uncaged s u b je c t s  lea rn ed

the  same s ig n  on o p p o s ite  h an d s , th e  n o n s ig n i f ic a n t  r e s u l t s  of

the  ANOVA e lim in a te d  any p o s s i b i l i t y  o f  a n  i n t e r a c t i o n  e f f e c t

betw een handedness  and th e  h o ld in g  c o n d it io n  v a r i a b l e .  T here  was

a l s o  no s i g n i f i c a n t  hand p re fe re n c e  e f f e c t  (p > 0 .8605 ).

In d iv id u a ls  showing a r i g h t  hand p re fe re n c e  i n  m anual ta s k s

perform ed t h e i r  s ig n s  no b e t t e r  than  I n d iv id u a ls  t h a t  p r e f e r r e d  

to  u se  t h e i r  l e f t  hand. F in a l ly ,  s ig n s  t r a in e d  to  a s u b je c t 's

p r e f e r r e d  hand were perform ed no b e t t e r  t h a t  s ig n s  t r a in e d  to

th e i r  o p p o s i te  hand (p> 0 .9594).

S ig n -R e la te d  E f fe c ts :

The s t r o n g e s t  s t a t i s t i c a l  e f f e c t  re v e a le d  by ANOVA (T ab le  V) 

was the  d i f f e r e n c e s  in  th e  r a t e  a t  which the v a r io u s  s ig n s  were 

a c q u ire d  (p < 0 .0 0 0 1 ). When the SPM v a lu e s  w ere s u b je c te d  to  the 

more a p p ro p r ia te  rep e a ted -m easu res  ANOVA (random s u b je c t ) ,  the 

s i g n i f i c a n t  s ig n  e f f e c t  was m a in ta in e d  (p < 0 .0 0 0 1 ). T ab le  VI l i s t s  

the  r e s u l t s  o f  a l l  p o s s ib le  p a ir -w is e  t - t e s t s  and i n d ic a te s  the 

s i g n i f i c a n t l y  d i f f e r e n t  SPM v a lu e s  betw een s ig n s .
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TABLE V I. PAIRED COMPARISONS OF PROTECTED T-TESTS OF 

SLOPE PERFORMANCE MEASURES OF THE DIFFERENT 

SIGNS TRAINED TO FOUR ORANGUTANS

SIGNS

BI

/

BU GL OR HA MI NO HR sw WA

* NS NS *** NS ** NS ** NS BI
(BU) (HA) (NO) (SW)

/ NS NS NS NS * NS NS NS BU
(NU)

/ NS * NS ** NS NS NS GL
(HA) (NU)

/ *** NS ** NS ** NS GR S
(HA) (NU) (SW) I

G
/ *** NS ** ** NS HA N

(HA) (HA) (HA) S

/ ** NS ** NS MI
(NU) (SW)

/ ** * ** NU
(NU) (NU) (NU)

/ NS NS HR

/ NS SW

/ WA
» — ™ — —- ------

* -  P < .05 ; ** -P < .01 ; ***-P< .001; NS- NO SIGNIFICANT 
( )-BETTER PERFORMED SIGN DIFFERENCE

BI-BIRD; BU-BUG; GL-GLASSES; GR-GRASS; HA-HAT; 
MI-MIRROR; NU-NUT; HR-HAIR; SW-SWEET; WA-WATCH
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CHAPTER IV 

DISCUSSION

The d a ta  p re s e n te d  d em o n stra te  th a t  o ra n g u ta n s , th e  l e a s t  

s o c ia l  o f  the a p e s , can l e a m  to  produce g e s tu r a l  s ig n s  when 

g iven  e x te n s iv e  t r a i n in g .  S t a t i s t i c a l  e v a lu a t io n  o f  the

perform ance d a ta  i n d ic a te s  th a t  o ran g u tan  s ig n  le a r n in g  a b i l i t y

seems to  v a ry  among in d iv id u a ls  and among th e  s ig n s  they  a re  

g iven  to  le a r n .

W ith chim panzees, F o u ts  [1973] a l s o  found th ese  types o f 

s u b je c t  and s ig n  e f f e c t s ,  the  fo rm er o f which he a t t r i b u t e d  to  

d i f f e r e n c e s  in  I n d iv id u a l  a t t e n t i v e n e s s ,  l e a r n in g  a b i l i t y ,  a n d /o r  

b e h a v io r  d u rin g  t r a i n in g .  Some chim panzee s u b je c ts  responded

more to  food rew a rd s ; o th e r s  more to  t h r e a t s .  There ap p eared  to  

be s im i la r  b e h a v io ra l  v a r i a t i o n s  among th e  fo u r  o ran g u ta n s . 

Hampas, th e  caged fem ale , r a r e ly  c o o p e ra te d  w ith  th e  t r a i n e r s .  

She was c o n t in u a l ly  h y p e ra c tiv e  th ro u g h o u t th e  s e s s io n s  and d id  

n o t respond  w e ll  to  h a n d lin g . P o la , th e  uncaged m ale, was 

r e l a t i v e l y  a t t e n t i v e  and c o o p e ra tiv e  w ith  food  rew ards p r e s e n t ,  

a lth o u g h , he had to be f r e q u e n t ly  c a p tu re d  f o r  th e  t r a in in g  

s e s s io n s .  P r in c e s s ,  th e  p red o m in an tly  hom e-reared  uncaged 

fem ale , was r a r e ly  a t t e n t i v e  d u rin g  th e  s e s s io n s  w h ile  R a n ta i, 

the caged m ale, appeared  m ost a t t e n t i v e  and c o o p e ra tiv e  d u r in g  

the fo rm al t r a i n in g  s e s s io n . The s i g n i f i c a n t  s u b je c t  and h o ld in g
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c o n d it io n  e f f e c t s  were p ro b ab ly  the  r e s u l t  c f  th e  caged  m a le 's  

o v e r a l l  s u p e r io r  perfo rm ance r e l a t i v e  to  the  uncaged male and 

fem ale  (T ab le  V I I ) .  T hus, in d iv id u a l  d i f f e r e n c e s  in  b e h a v io r  and 

a t t e n t iv e n e s s  to  the  t r a i n in g  s i t u a t i o n ,  a s  n o ted  in  chim panzees 

[F o u ts , 1 9 7 3 ], p ro b a b ly  in f lu e n c e  o v e r a l l  s ig n in g  perfo rm ance by 

o ra n g u ta n s .

F o u ts  [1973] a l s o  found a  h ig h ly  s ig n i f i c a n t  s ig n  e f f e c t  w ith  

ch im panzees. As w ith  the  o ra n g u ta n s , c e r t a i n  s ig n s  ap p eared  to  

be more e a s i l y  le a r n e d  by chim panzees than o th e r s -  The s ig n s  

"w a tch ,"  " d r i n k ,” and  "shoe" were the  f i r s t  th r e e  s ig n s  a c q u ire d  

by th e  ch im panzees w hereas " n u t ,"  " h a t ,"  and "sw eet"  were the  

s ig n s  le a rn e d  m ost r a p id ly  by th e  o ra n g u ta n s . A lthough 

d i f f e r e n c e s  i n  t r a i n in g  m ethods make com parisons betw een F o u ts ' 

and th e  p r e s e n t  s tu d y  o n ly  t e n t a t i v e ,  the th re e  s ig n s  t h a t  were 

common i n  bo th  s tu d ie s  ("w a tc h ,"  " g la s s e s ,"  and " h a t" )  were 

a c q u ire d  in  d i f f e r i n g  o rd e r s  and su g g e s ts  th e  p o s s i b i l i t y  o f 

s p e c i e s - s p e c i f i c  p re fe re n c e s  in  s ig n  l e a r n in g .

A P o s t e r i o r i  H y p o th e s is  T e s tin g  to  E v a lu a te  S ig n -R e la te d  

E f f e c ts :

Because s ig n - r e l a t e d  e f f e c t s  were s t a t i s t i c a l l y  s t r o n g e s t ,  

th e  rem a in d e r o f  t h i s  p a p e r  e v a lu a te s  th re e  p o s s ib le  e x p la n a tio n s  

f o r  d i f f e r e n c e s  in  th e  a c q u i s i t i o n  o f  the t r a in e d  s ig n s :  (1 )  the  

M otor D if fe re n c e  h y p o th e s is ,  (2 ) the  P r e - e x i s t in g  B ehav io r
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TABLE 711. PAIRED COMPARISON T-TESTS OF 

SUBJECT SPM VALUES ILLUSTRATING DIFFERENCE 

BETWEEN SUBJECTS IN SIGNING PERFORMANCE

PRINCESS POLA
SUBJECTS

HAMPAS RANTAI

.4 6 2 4 ,( .7 7 )  .1 2 9 7 ,(1 .6 7 )  .0 1 1 8 ,(3 .1 5 )  

.4 2 9 9 ,( .8 3 )  .0 1 1 6 ,(3 .1 6 )

.2 6 4 5 ,(1 .1 9 )

PRINCESS

POLA

HAMPAS

RANTAI

V alues In  m a tr ix :  P < It I,  (T s c o re )
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h y p o th e s is , and (3 )  the  S e le c t iv e  A tte n t io n  h y p o th e s is .

( i )  The M otor D if fe re n c e  H ypo thesis

F o u ts  [1972] su g g ested  t h a t  manual re q u ire m e n ts  f o r  s ig n s  may 

in f lu e n c e  th e  r e l a t i v e  speeds w ith  which th o se  s ig n s  can be 

a c q u ire d . He found th a t  s ig n s  whose a c t iv e  hand touched  a  p a r t  

of th e  body (" to u c h ” s ig n s )  w ere a c q u ire d  more r a p id ly  than  s ig n s  

whose a c t iv e  hand d id  n o t to u ch  the  body ("n o n to u c h ” s ig n s ) .  

G e s tu ra l  re q u ire m e n ts  f o r  "non touch" s ig n s  ap p eared  to  make s ig n  

perform ance d i f f i c u l t  f o r  a  young chim panzee. P a t te r s o n  [1978] 

r e p o r te d  the  same phenomenon f o r  a young g o r i l l a .  To t e s t  th e  

h y p o th e s is  t h a t  m otor f a c t o r s  can in f lu e n c e  s ig n  perfo rm ance  in  

o ran g u ta n s , SPM v a lu e s  f o r  th e  two "nontouch" s ig n s  ( " m ir ro r"  and 

" g ra s s " )  were combined and compared to  the  combined SPM v a lu e s  

fo r  " touch  s ig n s "  i n  a W ilcoxon two-sam ple t - t e s t .  P e rfo rm ances 

fo r  " to u ch "  s ig n s  w ere s i g n i f i c a n t l y  s u p e r io r  (p< 0 .003) to  t h a t  

of "non touch" s ig n s ,  th e re b y  s u p p o rtin g  t h i s  e f f e c t  a s  a  g e n e ra l  

m otor phenomenon in  s ig n  le a r n in g  pong id s.

The "nontouch" s ig n s ' d u a l  req u irem e n ts  o f hand lo c a t io n  

(non touch) and a c t i o n  seemed to  make s ig n  perfo rm ance d i f f i c u l t  

fo r  the  o ra n g u ta n s . Perfo rm ance cu rv es  f o r  poor s ig n in g  (tw o o f 

the th re e  cherem es perform ed c o r r e c t ly )  r e v e a le d  t h a t  the  

o ran g u tan s  cou ld  i d e n t i f y  th e  r e f e r e n t s  (a s  t h e i r  perfo rm ance 

c u rv es  f o r  poor re sp o n se s  m irro re d  the  perfo rm ance c u rv e s  f o r  

a c q u ire d  s ig n s )  a lth o u g h  they  cou ld  n o t  c o r r e c t l y  perfo rm  the
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com plete  s ig n  (F ig u re  2 ) .  Those orangutan t. t h a t  f i n a l l y  perform ed 

the  "nontouch" s ig n s  le a r n e d  to  ex ecu te  th e  p ro p e r  hand

c o n f ig u r a t io n  and  hand p o s i t i o n  p r io r  to  i n te g r a t in g  th e  p ro p er 

hand a c t io n .  Had th e  s i g n 's  m otor d e s c r ip t io n  been changed to  

r e q u i r e  the  s u b je c t  o n ly  to  p re s e n t  th e  c o n fig u re d  hand in  f r o n t  

o f  th e  body, th e  "nontouch" s ig n s  would have been a c q u ire d  by a l l  

th e  s u b je c t s  p r i o r  to  th e  a c q u is i t io n  o f  some " to u ch "  s ig n s .

R epeated  a c t io n  (a s  seen  in  the "nontouch" s ig n s )  by i t s e l f ,

how ever, was n o t  a m otor f a c to r  t h a t  in f lu e n c e d  s ig n

p erfo rm ance. When SPM v a lu e s  f o r  the  " to u c h ” s ig n s  w ith  re p e a te d  

a c t io n s  fo llo w in g  c o n ta c t  ( " s w e e t ,"  " n u t ,"  " b i r d ,"  and " h a i r " )  

w ere pooled  and compared to  the  poo led  SPM v a lu e s  o f  n o n re p e a tin g  

" to u c h "  s ig n s  ( " g l a s s e s , "  "w a tch ,"  " h a t ,"  and "b u g ") , th e re  was 

no s i g n i f i c a n t  d i f f e r e n c e  (p<0.5883, W ilcoxon tw o-sam ple 

t - t e s t ) .  P e rh ap s  the  com bina tion  o f  a  "nontouch" hand lo c a t io n  

and re p e a te d  hand a c t io n s  made the  "nontouch" s ig n s  h a rd e r  f o r  

th e  o ra n g u ta n s . The in f lu e n c e  o f com b ina tions o f  v a r io u s  m otor

f a c t o r s  on s ig n  a c q u i s i t i o n  su g g e s ts  t h a t  the  r e l a t i v e  a b i l i t y  to  

pe rfo rm  more in te g r a te d  m anual b e h a v io rs  m ight be a  s i g n i f i c a n t  

f a c t o r  in  s ig n in g  p e rfo rm an ce . T h is  a b i l i t y  has  been shown to  be 

a f f e c te d  by n e u ro lo g ic a l  m a tu ra tio n  and e x p e rie n c e  

[C h e v a iie r -S k o ln ik o f f , 1976].

(2 )  The P r e - e x i s t i n g  B ehav ior H ypo thesis

F o u ts  [1973] p roposed  t h a t  c e r t a in  s ig n s  were a c q u ire d  more
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r a p id ly  than  o th e r s  because  the  s ig n s  were " s im ila r  to 

p re -e x p e r im e n ta l  b e h a v io rs  in  the  ch im panzee 's  r e p e r to i r e "  

[F o n ts , 1973]. T h is  e x p la n a t io n  s u g g e s ts  a b e h a v io ra l  rea so n  as  

to  why c e r t a i n  g e s tu r e s  w ere more d i f f i c u l t  to  perfo rm  than 

o th e r s  ( i . e . ,  the  m otor d i f f e r e n c e  h y p o th e s is ) .  To i l l u s t r a t e  

h i s  p r e - e x i s t in g  b e h a v io r  h y p o th e s is ,  he r e f e r r e d  to  th e  s ig n  

" d r in k "  ( o v e r a l l ,  th e  second m ost r a p id ly  le a rn e d  s ig n ) .  The 

s ig n  i s  form ed by to u c h in g  th e  thumb o f the  c lo se d  hand to  the  

m outh, and s in c e  some chim panzees suck t h e i r  thumbs ( th e  

p r e - e x is t in g  b e h a v io r ) .  F o n ts  a rgued  th a t  th e  s ig n  m igh t be 

r a p id ly  a c q u ire d  f o r  t h i s  r e a s o n . C onverse ly , to  i l l u s t r a t e  how 

th e  perfo rm ance o f  a  s lo w ly  a c q u ire d  s ig n  ( " lo o k " -  F o u ts 's  term 

f o r  g la s s e s )  was c o n s i s t e n t  w ith  t h i s  h y p o th e s is ,  F o u ts  suggested  

t h a t  p o in t in g  the  in d e x  f in g e r  n e a r  th e  eye ( th e  m otor p a t te r n  

f o r  th e  s ig n )  m ight be a v e r s iv e  and th e re fo re  l e s s  l i k e ly  to  be 

a c q u ire d  a s  a  s ig n . The u se  o f  such exam ples to  s tr e n g th e n  a 

h y p o th e s is  can be c r i t i c i z e d  a s  p o s t  hoc and s e le c t i v e  in  

choosing  the m otor p a t t e r n  to  f i t  th e  s ig n in g  d a ta .  Had " look" 

been r a p id ly  a c q u ir e d ,  one co u ld  a rg u e  th a t  t h i s  would be 

c o n s i s t e n t  w ith  th e  p r e - e x i s t in g  b eh a v io r  h y p o th e s is  a s  some 

chim panzees groom n e a r  t h e i r  ey es  w ith  t h e i r  ex tended  index  

f in g e r .

S im ila r  e x p la n a t io n s  can be d ev ise d  from th e  o ran g u tan  d a ta  

to  i l l u s t r a t e  how t h e i r  l e a r n in g  r a t e s  a re  c o n s i s t e n t  w ith  the 

p r e - e x is t in g  b e h a v io r  h y p o th e s is .  For exam ple, th e  s ig n  " h a t"  i s
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formed by to u ch in g  the  palm o f  th e  f l a t  o r s l i g h t ly  curved  hand 

to  the top of th e  h ead . T h is  g e s tu re  i s  i d e n t ic a l  to  a n a tu r a l  

behav io r perform ed by w i ld ,  r e h a b i l i t a n t ,  and c a p tiv e  o ra n g u ta n s , 

and in  th e  p o s t  hoc fa s h io n  d e sc r ib e d  above, could  be c o n s tru c te d  

to  ac co u n t f o r  th e  r a p id  le a r n in g  r a t e  f o r  the s ig n  " h a t ."  

However, r a th e r  than p r e s e n t in g  such examples o f  o rangu tan  

behav io r th a t  m atch the  s ig n in g  d a ta ,  th e  p r e - e x is t in g  b eh a v io r  

h y p o th e s is  was t e s t e d  in  t h i s  s tu d y  by m easu ring  the r e l a t i o n s h ip  

between a s i g n 's  perfo rm ance m easure (SPM) and th e  e x te n t to  

which i t s  g e s tu r a l  com ponent p r e - e x i s t s  i n  o rangu tan  b e h a v io r . 

T h is  was accom plished  by s t a t i s t i c a l l y  com paring the averaged  SPM 

v a lu e s  f o r  each  s ig n  w ith  th e  r e l a t i v e  freq u en cy  th a t  t h e i r  m otor 

p a t te rn  d e s c r ip t io n s  have been observed  by o th e r  o rangu tan  

b e h a v io r is ts  ( s e e  acknow ledgem ent s e c t io n ) .  These b e h a v io r is t s  

were asked  to r a t e  (b a se d  on o b s e rv a t io n a l  e x p e rie n c e )  th e  

r e l a t i v e  freq u en cy  they had  o b se rv ed  c a p t iv e ,  r e h a b i l i t a n t ,  o r  

w ild  o rangu tans  perform  e a c h  o f te n  m otor p a t te r n s .  The p a t t e r n s  

were d e sc r ib e d  i n  term s t h a t  d e f in e d  each  o f th e  ten  s ig n s  ( e . g . ,  

the  thumb o f  th e  curved hand to u ch es the  n o s e ) ;  however, no one 

was to ld  they  were d e s c r ip t io n s  o f  s ig n s  (and anyone su sp e c tin g  

they were d e s c r ip t io n s  o f  s ig n s  cou ld  n o t  have been aware of th e  

SPM v a lu e s ) .

Data from th e  re sp o n d e n ts  (n=8) were averaged  to  m inim ize 

in d iv id u a l  o b s e rv e r  b ia s e s .  These d a ta  were then t e s t e d  a g a in s t  

the  averaged  SPM v a lu e s . No s i g n i f i c a n t  r e l a t io n s h ip  was found
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(r= 0 .0 9 0 2 , p> 0 .804 ). Some s ig n s  w ith  g e s tu re s  observed  in  th e  

r e p e r to i r e  o f  th e  s p e c ie s  ( e . g . ,  " m irro r"  and " b ir d " )  w ere 

produced more s lo w ly  th an  o th e r  s ig n s  ( e . g . ,  "sw eet"  and " n u t" )  

whose m otor com ponents were observed  to  be in f r e q u e n t  in  o r  

a b s e n t  from the  n a tu r a l  r e p e r t o i r e .  A lthough th e  p r e - e x i s t in g  

b eh av io r h y p o th e s is  makes i n t u i t i v e  sense  and seems to  a c c o u n t 

f o r  the  e a se  and d i f f i c u l t l y  i n  perfo rm in g  c e r t a i n  s ig n s ,  g iv en  

the  method used to  d e f in e  p r e - e x i s t in g  b eh a v io r, the  h y p o th e s is  

was d e f i n i t e ly  n o t  su p p o rte d  by the t e s t .

(3 ) The S e le c t iv e  A t te n t io n  H ypo thesis

D uring t r a in in g ,  I  observed  th a t  s u b je c ts  re a c te d  d i f f e r e n t l y  

to  the  v a r io u s  r e f e r e n t s  o f th e  s ig n s .  F ou ts  [1973] m en tioned  

s im i la r  d i f f e r e n c e s  in  a t t e n t iv e n e s s  among chim panzee s u b je c t s .  

S e le c t iv e  a t t e n t i o n  tow ards s t im u l i  h as  been proposed w ith in  

t h e o r e t i c a l  m odels to  a c c o u n t f o r  d i f f e re n c e s  in  le a rn in g  r a t e s  

[M ackin tosh , 1975]. A c c o rd in g ly , the  speed w ith  which a s ig n  i s

a c q u ire d  depends on th e  deg ree  to  which the s u b je c t  p e r c e p tu a l ly

( v i s u a l ly )  a t te n d s  to  the  s ig n  and i t s  r e f e r e n t  ( a l l  o th e r  th in g s  

b e in g  e q u a l ) .  T h e o r e t ic a l ly ,  in c re a s e d  i n t e r e s t  in  a s tim u lu s  

item  d e c re a se s  the  p r o b a b i l i t y  th a t  e x tra n eo u s  f a c to r s  w i l l

i n t e r f e r  w ith  the developm ent o f an  a s s o c ia t io n  between th e

s tim u lu s  item  and a  p a r t i c u l a r  re sp o n se . W ith s e l e c t i v e  

a t t e n t i o n  tow ard p a r t i c u l a r  s ig n - r e f e r e n t  com bina tion , one would 

e x p e c t th o se  s ig n s  to  be le a rn e d  s ig n i f i c a n t l y  f a s t e r  than  s ig n s  

whose r e f e r e n t s  w ere l e s s  w e ll  a tte n d e d  d u r in g  t r a i n in g .
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C onceivab ly , some o f  th e  r e f e r e n t s  used in  s ig n  t r a in in g  were o f 

more i n t e r e s t  than  o th e r s ;  how ever, no in d ep en d en t m easure o f

r e f e r e n t  i n t e r e s t  was made p r i o r  to  o r ig in a l  s ig n  t r a in in g .

T ra in e rs  n o t ic e d  t h a t  th e  o ran g u tan  s u b je c ts  were more 

a t t e n t i v e  d u r in g  th e  t r a i n in g  o f  "food" s ig n s  than  "nonfood" 

s ig n s .  S p e c i f i c a l ly ,  s u b je c t  eye c o n ta c t  tow ards the  s i g n 's  

r e f e r e n t  a p p eared  to  be g r e a t e r  f o r  "food" than  "nonfood" 

r e f e r e n t s .  T h is  in fo rm a l s u g g e s tio n  o f  s e le c t i v e  a t t e n t i o n  

w ith in  the  le a r n in g  s i t u a t i o n  g a in s  su p p o rt from the  b e h a v io ra l  

eco logy  o f  th e  o ra n g u ta n . W ild o ran g u tan s  m ust spend m ost o f

th e i r  a c t i v e  tim e in  p u r s u i t  o f  n o u rish m en t, a p p a re n tly  because 

o f the  s c a t t e r e d  s p a tio te m p o ra l  d i s t r i b u t i o n  o f a c c e p ta b le  fo o d s 

w ith in  the  t r o p i c a l  r a i n  f o r e s t s  o f Borneo and Sum atra

[G a ld ik a s ,1579]. Once h a b i tu a te d  to  human o b s e rv e r s ,  w ild  

o ran g u tan s  seem ing ly  ig n o re  th e  humans and a t te n d  to  s t im u l i

r e le v a n t  to  food a c q u i s i t i o n  ( e . g . ,  f in d in g  the e a s i e s t  r o u te  to  

the  n e x t  f r u i t i n g  t r e e ,  lo o k in g  f o r  the  n e x t  f r u i t  in  the  t r e e ) .

I f  a b ia s  o f  a t te n d in g  tow ards food o r food r e l a t e d  item s i s  

a c ce p ted  a s  p la u s ib le  f o r  th e  o ra n g u ta n , th e  s e le c t iv e  a t t e n t i o n  

h y p o th e s is  m ig h t p r e d i c t  t h a t  "food" s ig n s  would be le a rn e d  

f a s t e r  than  "nonfood" s ig n s .  T h is  p r e d ic t io n  was te s te d  by 

p o o lin g  the  SPM v a lu e s  f o r  two "food" s ig n s  ("sw ee t"  and " n u t" )  

and com paring them s t a t i s t i c a l l y  to  the  poo led  SPM v a lu e s  f o r  s ix  

"nonfood" s ig n s .  Only " to u c h "  s ig n s  were used in  b o th  s e t s ,  

th e re b y  e l im in a t in g  th e  "n on touch"  s ig n  in t e r a c t io n  e f f e c t  t h a t
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m igh t b ia s  t h i s  t e s t .  As p r e d ic te d ,  the  s ig n in g  perfo rm ance f o r  

" fo o d ” s ig n s  (X= 0 .0 9 , SD= 0 .0 5 3 ) was s i g n i f i c a n t l y  s u p e r io r  to  

th e  "nonfood, to u ch "  s ig n s  (X= 0 .0 3 , SD= 0 .0 3 3 , p< 0.016, W ilcoxon 

tw o-sam ple t - t e s t ) .  Because o ran g u tan s  o c c a s io n a l ly  e a t  i n s e c t s ,  

"bug" was moved to  th e  "food" s ig n  group and the  a n a ly s i s  was 

r e p e a te d . A gain , a  s im i la r  s i g n i f i c a n t  e f f e c t  r e s u l te d  (p< 0 .013 , 

W ilcoxon tw o-sam ple t - t e s t ) .

A lthough th e  p o s i t iv e  r e s u l t s  from th e  s t a t i s t i c a l  t e s t s  a re  

c o n s i s t e n t  w i th  th e  s e le c t i v e  a t t e n t i o n  h y p o th e s is ,  two 

a d d i t io n a l  I s s u e s  need to  be a d d re sse d  to  h e lp  c l a r i f y  th e  r o le  

o f  s e le c t i v e  a t t e n t i o n  d u r in g  sign  le a r n in g :  (1 ) the  p o s s i b i l i t y  

o f  d i f f e r e n t i a l  a t t e n t i o n  w ith in  the s ig n  le a r n in g  c o n te x t  and 

(2 )  th e  e x te n t  to  w hich a  p o s i t iv e  r e l a t i o n s h ip  e x i s t s  betw een 

s e le c t i v e  a t t e n t i o n  and s ig n  perfo rm ance.

D i f f e r e n t i a l  a t t e n t i o n  d u r in g  the  s ig n  le a r n in g  c o n te x t  can 

be e x p lo re d  w ith  fre q u e n c y  d a ta  on eye c o n ta c t ,  c o l l e c te d  f o r  one 

s u b je c t  ( P r in c e s s )  d u r in g  th e  t r a in in g  o f  f iv e  new s ig n s  

( " fu n g u s ,"  " p ip e ,"  " p i l lo w ,"  " tu n in g  f o r k ,"  and " tw ig " )  and one 

o ld  s ig n  ( " n u t " ) .  T ra in in g  o c c u rre d  fo llo w in g  th e  te rm in a tio n  o f 

th e  o r ig in a l  s tu d y .  The o b se rv e r  re c o rd e d  where th e  s u b je c t  

looked  du rin g  th e  fo u r  phases o f the t r i a l  ( r e f e r e n t  p r e s e n ta t io n  

and q u e s t io n in g , s u b j e c t 's  re sp o n se , m o ld ing , and 

r e in fo rc e m e n t) .  The f re q u e n c y  d a ta  were co n v e rted  i n to  p e rc e n t  

o c c u rre n ce  d a ta ,  w hich e n a b le d  a  com parison  o f the  ty p es  o f 

v i s u a l  re s p o n s e s  t h a t  o c c u rre d  d u rin g  each  phase o f t r a i n in g  f o r
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th e  s ig n s .

T ab le  V I I I  in d ic a te s  where and when the o ran g u ta n  looked 

d u r in g  s ig n  t r a i n i n g .  Such d a ta  in d ic a te  th a t  d u r in g  the  p e rio d s  

o f  r e f e r e n t  p r e s e n ta t io n  and q u e s tio n in g , re s p o n s e , and m olding 

o f  a t r a i n in g  t r i a l  f o r  a  new s ig n , v i s u a l  a t t e n t i o n  was d iv e r te d  

from f e a tu r e s  o f  th e  t r a in in g  s i t u a t i o n  ( i . e . ,  r e f e r e n t ,  

t r a i n e r 's  f a c e ,  s u b j e c t 's  h ands, and rew ard) more than  h a l f  the 

tim e . D uring  the  re in fo rc e m e n t phase, v i s u a l  a t t e n t i o n  was 

p red o m in an tly  d i r e c te d  tow ards . rew ard . The s u b je c t  looked  a t  

th e  r e f e r e n t s  o f  the  new s ig n s  l e s s  than  30% o f  th e  tim e d u ring  

r e f e r e n t  p r e s e n ta t io n  and resp o n se  phases and 0% o f th e  time 

d u r in g  m old ing  and re in fo rc e m e n t p h a ses . When th e  " fo o d ” s ig n , 

" n u t ,"  was r e t r a i n e d ,  v i s u a l  a t t e n t i o n  tow ards th e  s ig n 's  

r e f e r e n t  was h ig h  d u rin g  the  q u e s tio n in g  (100%) and resp o n se  

ph ases  (87.5% ) o f  th e  t r i a l .  These d a ta  in d ic a te  t h a t  the 

s u b je c t  s e l e c t i v e l y  a tte n d e d  to  p a r t i c u l a r  a s p e c ts  o f  th e  s ig n  

le a r n in g  en v iro n m en t and such a t t e n t i o n  was p r im a r i ly  d ic ta te d  by 

r e f e r e n t s  o f  i n t e r e s t  ( e . g . ,  fo o d ).

To a d d re s s  the  i s s u e  o f  how a t t e n t i o n a l  p ro c e s s e s  m ight 

in f lu e n c e  s ig n  perfo rm ance, the  s u b je c t  ( P r in c e s s )  was g iv en  sign  

r e t r a i n in g ,  18 months a f t e r  the  o r ig in a l  s ig n  t r a in in g  

te rm in a te d . C oncu rren t w ith  s ig n  r e t r a i n in g ,  th e  s u b je c t  was 

g iv en  p a ir - w is e  p re fe re n c e  t e s t s  o f  the r e f e r e n t s  used in  

r e t r a i n i n g .  Two r e f e r e n t s  were p laced  on a  t e s t  s ta n d  and 

p re s e n te d  to  th e  s u b je c t .  The r e f e r e n t  t h a t  th e  s u b je c t  f i r s t
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TABLE V II I . DISTRIBUTION OF VISUAL ATTENTION 

BY A JUVENILE ORANGUTAN DURING SIGN TRAINING:

DURING REFERENT PRESENTATION AND QUESTIONING

EYE CONTACT/ SIGNS: PILLOW TUNING PIPE FUNGUS TWIG NUT 
LOCATION FORK

NO EYE
CONTACT (E .C .)  66 .7  63 .2  73 .3  6 8 .4  54 .1  0

E .C . W/
REFERENT 2 6 .7  30 .2  2 1 .4  2 7 .7  39.1 100

E.C . W/
TRAINER'S FACE 6 .7  6 .5  4 .0  3 .9  4 .1  0

E.C . W/
SUBJECT'S HANDS 0 0 1 .3  0 2 .7  0

DURING SUBJECT'S RESPONSE 

NO E.C . 6 4 .0  54 .5  62 .7  4 4 .3  35 .0  0

E.C . V /
REFERENT 1 3 .3  20 .8  1 2 .0  3 0 .4  28 .8  8 7 .5

E .C . W/
TRAINER'S FACE 2 2 .7  24 .7  2 0 .0  2 0 .3  33 .8  12 .5

E.C . W/
SUBJECT'S HANDS 0 0 5 .3  5 .0  2 .5  0

-  V alues a re  in  p e rc e n ta g e s . T ab le  c o n tin u e d  on n e x t  page
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TABLE 8. continued

DURING MOLDING (GUIDANCE)

L ie  contact/  SIGNS: 
LOCATION

PILLOW TUNING
FORK

PIPE FUNGUS TWIG NUT

NO EYE
CONTACT (E .C .) 100 85 .7 58.8 81.8 75 .6 50 .0

E.C . W/ 
REFERENT 0 0 0 0 0 33 .3

E.C. M l  
TRAINER'S FACE 0 14.2 2 .9 4 .5 1 .4 16 .6

E.C . W/
SUBJECT'S HANDS 0 0 35 .3 9 .1 21 .6 0

E.C. W/ 
REWARD 0 0 2.9 4 .5 1 .4 0

DURING REINFORCEMENT

NO E.C . 8 .0 1 .3 8 .1 2 .7 18 .7 0

E.C . W/ 
REFERENT 0 0 0 0 0 33 .3

E.C. W/ 
REWARD 9 2 .0 98 .7 91.9 97 .3 8 1 .4 66 .6

-V alu es  a re  in  p e rc e n ta g e s .
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a tte m p te d  to g ra b  was sc o re d  a s  the  p r e f e r r e d  r e f e r e n t  f o r  

t h a t  p a i r .  A f te r  each  r e f e r e n t  was tw ice p a ire d  a g a i n s t  ev e ry  

o th e r  r e f e r e n t  ( c o n t r o l l in g  f o r  p o s i t io n  p r e f e re n c e ) ,  a  p e rc e n t  

p re fe re n c e  sc o re  was c a lc u la te d  f o r  each  r e f e r e n t ,  which was used 

a s  I t s  r e l a t i v e  m easure o f s e le c t i v e  a t t e n t i o n .

S ign r e t r a i n i n g  em ployed th e  same m ethodology a s  o r ig in a l  

s ig n  t r a in in g  w ith  the e x c e p tio n  t h a t  on ly  f iv e  t r i a l s  w ere g iven  

f o r  each  s ig n  p e r  s e s s io n .  The c o r r e c t  perform ance d a ta  o v e r th e  

seven  r e t r a i n i n g  s e s s io n s  were s ig n i f i c a n t l y  p o s i t i v e l y  

c o r r e la t e d  w ith  th e  r e f e r e n t  p re fe re n c e  d a ta  ( r= 0 .5 7 , p < 0 .0 5 ).

When the  "non touch" s ig n , " m i r r o r ,” was removed from th e  a n a ly s i s  

to  e l im in a te  m otor e f f e c t s ,  th e  c o r r e la t io n  c o e f f i c i e n t  and  l e v e l  

o f  s ig n i f ic a n c e  in c re a s e d  ( r= 0 .7 4 , p < 0 .0 1 ). The r e s u l t s  o f th ese  

t e s t s  su p p o rt the  e x is te n c e  o f  a r e l a t i o n s h ip  betw een r e f e r e n t  

p re fe re n c e  and s ig n in g  p e rfo rm a n c e , and f u r th e r  s u p p o r t  th e  

s e le c t i v e  a t t e n t i o n  h y p o th e s is .

S e le c t iv e  a t t e n t i o n  may a ls o  in f lu e n c e  th e  e a r l y  v o c a b u la ry  

developm ent o f  c h i ld r e n  [N e lson , 1973]. Some c h i ld r e n  a r e  

in c l in e d  to  to  ta k e  an  i n t e r e s t  in  l e a r n in g  ab o u t s o c i a l  o r 

n o n s o c ia l  i te m s , and N elson c a te g o r iz e s  such c h i ld r e n  a s  e i t h e r  

" e x p re s s iv e "  o r  " r e f e r e n t i a l "  l e a r n e r s .  Because r e f e r e n t i a l  

l e a r n e r s  a re  more i n t e r e s t e d  in  le a r n in g  a b o u t o b j e c t s  than  

p e o p le , s e l e c t i v e  a t t e n t i o n  p ro c e s s e s  may fa v o r  the le a r n in g  o f 

o b je c t  words d u r in g  e a r ly  v o c a b u la ry  developm ent r a t h e r  than
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words p e r ta in in g  to  th em se lv es  and o th e r  p e o p le . In  c o n t r a s t ,  

e x p re s s iv e  l e a r n e r s  seem more I n t e r e s t e d  In  s o c ia l  Item s and 

a c t i v i t i e s  and t h e i r  v o c a b u la ry  r e f l e c t s  t h i s  b ia s .  The 

Im p lic a tio n  o f s e le c t i v e  a t t e n t i o n  tow ards Item s In  p a r t i c u l a r  

c a te g o r ie s  by o ran g u ta n s  and c h i ld r e n  d u r in g  e a r ly  s ig n  and word 

le a r n in g  s u g g e s ts  t h a t  s im i la r  p ro c e s s e s  may In f lu e n c e  th e  e a r ly  

v o c a b u la ry  o f  o th e r  p r im a te  s p e c ie s  a s  w e ll .

A ssessm ent o f P re se n te d  H y po theses:

The th re e  a_ p o s t e r i o r i  h y p o th e se s  p re s e n te d  above were 

f a l s l f l a b l e  by the  manner In  w hich th ey  were te s te d  

s t a t i s t i c a l l y .  A lthough th e  p r e - e x i s t i n g  b e h a v io r  h y p o th e s is  was 

r e j e c t e d ,  b o th  m otor d i f f e r e n c e  and  s e le c t i v e  a t t e n t i o n  

h y p o th eses  were n o t .  The t e s t s  su g g e s t  th a t  f o r  o ran g u tan s  both  

th e  r e l a t i v e  d i f f i c u l t y  In  p e rfo rm in g  a  s ig n 's  g e s tu r a l  component 

and the  s u b j e c t 's  I n t e r e s t  In  th e  s ig n 's  r e f e r e n t  a re  

I d e n t i f i a b l e  f a c to r s  t h a t  can a c c o u n t f o r  much o f  the  v a r ia n c e  In  

e a se  o f s ig n  a c q u i s i t i o n .  Had th e  p r e - e x is t in g  b e h a v io r  

h y p o th e s is  been su p p o rte d , an  e th o lo g lc a l  e x p la n a tio n  f o r  the 

d i f f i c u l t y  In  p e rfo rm in g  th e  m otor a s p e c t  o f the  s ig n  cou ld  have 

been p ro v id e d . The su p p o rte d  s e l e c t i v e  a t t e n t i o n  h y p o th e s is  

su g g e s ts  t h a t  b io lo g ic a l ly  r e l e v a n t  s t im u l i  ( e . g . ,  food f o r  the 

o ran g u ta n )  i n  an  a p e 's  w orld  have in f lu e n c e d  th e  e v o lu t io n  o f 

le a r n in g  a d a p ta t io n s  p e r m i t t in g  d i f f e r e n t i a l  perfo rm ance f o r  

v a r io u s  b e h a v io rs .
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A nother p o s s ib le  e x p la n a tio n  f o r  th e  s ig n - r e la te d  e f f e c t s  i s  

p re s e n te d  in  Appendix B— the  P re -c o n c e p t h y p o th e s is .  Because o f 

in ad e q u a te  d a ta ,  i t  was n o t p o s s ib le  to  e v a lu a te  t h i s  

e x p la n a tio n ;  however, i t  i s  o f fe r e d  a s  an  a p r i o r i  h y p o th e s is  f o r  

fu tu r e  s ig n  le a r n in g  experim en ts  w ith  a p e s .  A d d it io n a lly , an 

e v a lu a t io n  o f  th e  th re e  h y p o th eses  c o u ld  be improved by 

d ev e lo p in g  t r a in in g  p ro to c o ls  t h a t  p e rm it  £  p r io r i  t e s t in g  o f 

th o se  h y p o th e s e s . These p ro to c o ls  a r e  b r i e f l y  d isc u sse d  in  

Appendix C f o r  p o s s ib le  e v a lu a t io n  in  th e  f u tu r e .

A P r a c t i c a l  A p p lic a tio n  o f  Knowledge D erived  from Ape S ign  

L ea rn in g  S tudy :

T h is  p a p e r  i l l u s t r a t e s  t h a t  a  d e ta i l e d  a n a ly s i s  o f  s ig n  

le a r n in g  b e h a v io r  in  o ran g u tan s  can i d e n t i f y  o f b io lo g ic a l  and 

e c o lo g ic a l  f a c t o r s  t h a t  in f lu e n c e  th e  developm ent and perfo rm ance 

of s ig n  v o c a b u la r ie s  th a t  a r e  p o t e n t i a l l y  com m unicative i n  a 

h ig h ly  i n t e l l i g e n t  s p e c ie s .  B es id es  b e in g  o f  v a lu e  to  th o se  

i n te r e s t e d  i n  an im al le a rn in g  and b e h a v io r , the  knowledge of such  

f a c to r s  has  p o t e n t i a l  a p p l i c a t io n s  f o r  humans. Both ap es  and 

l i n g u i s t i c a l l y  handicapped c h ild e n  r e q u i r e  s ig n i f i c a n t l y  more 

tu te la g e  to  d eve lop  t h e i r  language o r  " la n g u a g e - l ik e ” s k i l l s  th an  

do norm al c h i ld r e n .  To th e  e x te n t  th a t  s ig n  le a rn in g  by ap e s  i s  

ana lo g o u s to  word le a r n in g  in  l i n g u i s t i c a l l y  hand icapped  

c h i ld r e n ,  such  in fo rm a tio n  may prove u s e fu l  in  d eve lop ing  and 

r e f in in g  re m e d ia l program s f o r  such c h i ld r e n .  Language 

I n te r v e n t io n  th e ra p y  has a lr e a d y  b e n e f i te d  from the r e s u l t s  o f
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ape “ language” p r o j e c t s  w hich have em phasized com m unication and 

m ethods used to  d ev e lo p  com m unicative r e l a t i o n s h ip s  and s k i l l s  

[H o l l i s  & C a r r i e r ,  1975; F o u ts , e t  a l . ,  1978; Savage-Rumbaugh & 

Rumbaugh, 1980]. The f in d in g s  from th i s  s tu d y  on th e  a n a ly s i s  o f  

s ig n  le a rn in g  v a r i a b le s  may a l s o  be u s e fu l  i n  d e v e lo p in g  improved 

te a c h in g  p ro to c o l  and e v a lu a t in g  the r e s u l t s  o f rem ed ia l 

v o c a b u la ry  t r a i n in g .
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CHAPTER V

CONCLUSIONS

1) F o llo w in g  th e  m o d ified  m ethods o f  F o u ts  [1 9 7 3 ], f o u r  

ju v e n i le  o ra n g u ta n s  each  a c q u ire d  an  average  o f  o n ly  4 .2 5  s ig n s  

(from  a p o s s ib le  o f  10 s ig n s )  a f t e r  15 months o f  t r a i n in g  and 

o v e r  2400 t r i a l s ;  how ever, an  av e rag e  o f  S .25 s ig n s  were 

c o r r e c t l y  perform ed sometime d u rin g  t r a in in g .

2 ) A n a ly s is  o f  v a r ia n c e  o f a  s ig n in g  perfo rm ance m easure 

in d ic a te d  th a t  th e re  w ere s ig n i f i c a n t  d i f f e r e n c e s  b o th  among 

o ran g u tan  s u b je c t s  and among s ig n s .  These s t a t i s t i c a l  

d i f f e r e n c e s  a p p e a r  to  be an a lo g o u s  to  those  found f o r  chim panzees 

[F o u ts , 1973].

3 )  Caged o ra n g u ta n s  le a rn e d  s ig n s  b e t t e r  th a n  uncaged 

(h o m e -re a re d / f r e e - r a n g in g )  o ra n g u ta n s ; however, th e  s u p e r io r  

p erfo rm ance o f  th e  caged m ale p ro b ab ly  b e s t  a c c o u n ts  f o r  bo th  th e  

s i g n i f i c a n t  s u b je c t  and c o n d it io n  e f f e c t s .

4 )  "Touch" s ig n s  were perform ed s i g n i f i c a n t l y  b e t t e r  by

o ra n g u ta n s  than  "non touch" s ig n s .  \  com parative  l i t e r a t u r e

su rv e y  s u g g e s ts  t h i s  may be a g e n e ra l  phenomenon i n  p ong id s  t h a t  

have been  t r a in e d  to  s ig n .

5 )  "Food" s ig n s  were perform ed s i g n i f i c a n t l y  b e t t e r  by

o ra n g u ta n s  th an  were "nonfood" s ig n s .  S e le c t iv e  a t t e n t i o n
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tow ards food  r e f e r e n t s  d u rin g  t r a in in g  may h e lp  a c c o u n t f o r  t h i s  

d i f f e r e n c e .

6 ) D i f f e r e n t i a l  a t t e n t i o n  a s  m easured by d i r e c t i o n  o f gaze 

d u r in g  s ig n  t r a in in g  was documented in  the  one o ra n g u ta n  s u b je c t  

i n  which i t  was s tu d ie d  c lo s e ly .

7 ) A s i g n i f i c a n t  r e l a t i o n s h ip  betw een r e f e r e n t  p re fe re n c e  and  

s ig n  perfo rm ance  f o r  one o ran g u tan  s u b je c t  su p p o r ts  th e  

h y p o th e s is  o f  s e le c t i v e  a t t e n t i o n  in  a c co u n tin g  f o r  a  s i g n i f i c a n t  

s ig n  e f f e c t .
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Appendix A

METHOD FOR TRANSFORMING PERFORMANCE 

CURVE DATA INTO SLOPE PERFORMANCE MEASURES [SPMs]

FOR SIGNS THAT WERE ACQUIRED

CRITERION

CORRECT

ACCUMULATED TRIALS

SPM= X (% CORRECT AT CRITERION) 

Y (#  OF ACCUMULATED TRIALS)

FOR SIGNS THAT WERE NOT ACQUIRED

CRITERION

CORRECT

ACCUMULATED TRIALS

SPM= X (% CORRECT AT MAXIMUM PERFORMANCE) 

Y (# OF ACCUMULATED TRIALS)
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Appendix B

An A l te r n a t iv e  H y p o th e s is  For F u tu re  E v a lu a tio n

The th re e  e v a lu a te d  h y p o th eses  d id  n o t  c o n s t i t u t e  a l l  

p o s s ib le  h y po theses  t h a t  can h e lp  to  e x p la in  th e  v a r ia n c e  

observed  in  th e  ease  o f  s ig n  a c q u is i t io n  by o ra n g u ta n s . O ther 

h ypo theses  were n o t a s s e s s e d  because  the d a ta  n e c e ssa ry  to  do so 

were n o t  c o l le c te d ;  how ever, one a d d i t io n a l  h y p o th e s is ,  the  

p re -c o n c e p t h y p o th e s is ,  w i l l  be d isc u s s e d  as a  p o s s ib le  

e x p la n a tio n  w orth  e v a lu a t in g  in  f u tu r e  s ig n in g  p r o je c t s .

Premack [1976] su g g e s te d  t h a t  f o r  an organism  to  l e a m  a 

word, th e  organ ism  m ust have some co n cep t re g a rd in g  th e  w ord 's  

r e f e r e n t .  The co n cep t f o r  th e  r e f e r e n t  deve lops a s  th e  s u b je c t  

e x p e rie n c e s  th e  item  and le a  m s  ab o u t the  i te m 's  f u n c t io n ,  i t s  

r e l a t i o n s h ip  to  o th e r  i te m s , i t s  sh ap e , s iz e  and  o th e r  

c h a r a c t e r i s t i c s .  L ea rn in g  the  name f o r  th e  item  i s  th e n  a  m a tte r  

o f tag g in g  an  e x te r n a l  m arker to  the  c o n c e p t(s )  o r  m ental 

r e p r e s e n ta t io n  f o r  th e  ite m . In  t h i s  v iew , concep t o f  r e f e r e n t  

p reced es  l e a r n in g  th e  word f o r  the r e f e r e n t .  T h is h y p o th e s is  

re g a rd in g  c o n c e p t fo rm a tio n  and  word le a r n in g  i s  s i m i l a r  to  the 

P ia g e t ia n  view  of c o g n it iv e  developm ent in  th a t  th e  c h i ld  

d ev e lo p s , th rough  i n t e r a c t io n  w i th  h i s  env ironm ent, " sch em es,"  or 

m ental r e p r e s e n ta t io n s  o f  th e  r e l a t i o n s h ip  between i te m s , b e fo re
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b e in g  a b le  to  e x p re s s  th o se  schem es th rough  l i n g u i s t i c  e x p re s s io n  

[ P ia g e t ,  1952].

These i n t e r p r e t a t i o n s  o f a  c o g n it iv e  p r e r e q u i s i t e  f o r  

v o c a b u la ry  developm ent s u g g e s ts  t h a t  the  v a r ia n c e  in  s ig n  

l e a r n in g  by o ran g u ta n s  may have been due to  d i f f e r e n c e s  in  

p r e - a x is t in g  c o n c e p ts  o f  the s i g n 's  r e f e r e n t s .  S ig n s  r a p id ly  

le a rn e d  may have had r e f e r e n t s  more f a m i l i a r  to  th e  s u b je c t  than  

r e f e r e n t s  o f more s lo w ly  le a rn e d  s ig n s .  However, s in c e  the 

background h i s t o r y  and p r io r  e x p e rie n c e  o f  th e  v a r io u s  s u b je c ts  

was unknown, a  t e s t  o f  a  p re -c o n c e p t h y p o th e s is  was n o t  made. A 

t e s t  f o r  such  a h y p o th e s is  m ust, th e r e f o r e ,  be c o n s id e re d  by the 

ex p e rim e n te r  b e fo re  s ig n  t r a in in g  commences ( i . e . ,  a  p r i o r i ) .

The p re -c o n c e p t h y p o th e s is  cou ld  be t e s t e d  in  f u tu r e  s ig n in g  

p r o je c t s  i f  th e  s e t  o f  t r a in e d  s ig n s  had r e f e r e n t s  whose le n g th  

o f exposu re  to  the  s u b je c t s  was known. To c o n t r o l  f o r  the  

e f f e c t s  o f r e f e r e n t  g e n e r a l iz a t io n  which m igh t b ia s  th e  t e s t  i f  

n o v e l b u t f a m i l i a r  r e f e r e n t s  w ere cho sen , th e  s e t  o f  unknown 

r e f e r e n t s  t r a in e d  to  r e h a b i l i t a n t  apes sh o u ld  be r e c e n t  in  o r ig in  

and n o v e l in  f u n c t io n  and a p p earan ce . I f  th e  ap es  a r e  la b o r a to r y  

b o rn , s e l e c t i o n  o f  th e  a p p ro p r ia te  r e f e r e n t s  would be l e s s  

d i f f i c u l t .

To c o n t r o l  f o r  s e le c t i v e  a t t e n t i o n  w hich m igh t b ia s  e a r ly  

co n c ep t deve lopm en t, p a ir -w is e  i n t e r e s t  t e s t s  l i k e  the  type 

m entioned e a r l i e r  cou ld  be conducted  such th a t  r e f e r e n t s  be
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p lac e d  in  h ig h  and low i n t e r e s t  g roups (o r  o th e r  m u l t i - i n t e r e s t  

g ro u p in g s) p r io r  to  s ig n  t r a i n in g .

A u s e fu l  v a r i a n t  in  th e  p ro to c o l  would be to  a llo w  the  

s u b je c ts  to  i n t e r a c t  w ith  a s u b s e t  o f the  unknown r e f e r e n t s  f o r  

known le n g th s  o f  tim e p r io r  to  s ig n  t r a i n in g .  T h is  would p rov ide  

th e  e x p e rim e n te r  w ith  th re e  g roups o f  r e f e r e n t s  w ith  which to  

t e s t  the  p re -c o n c e p t  h y p o th e s is :  the c o n tr o l  g roup  o f  no p r io r

e x p o su re , an  e x p e r im e n ta l  g roup  o f  known le n g th  o f  e x p o su re , and 

a n  e x p e rim e n ta l group of unknown le n g th  o f  e x p o su re  (some 

f a m i l ia r  i te m s ) .  I f  th e  p re -c o n c e p t  h y p o th e s is  i s  v a l i d ,  s ig n s  

from the  e x p e rim e n ta l g ro u p s  shou ld  be le a rn e d  f a s t e r  th an  s ig n s  

from the c o n t r o l  g roup .
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Appendix C

Improved T e s ts  o f  H ypotheses Conducted in  T h is  P r o je c t

I  recommend th a t  f u tu r e  s ig n  t r a in in g  e x p e rim e n ts  he 

conducted such t h a t  p o s s ib le  s ig n  in f lu e n c in g  f a c t o r s  cou ld  be 

te s te d  a s  a p r i o r i  r a t h e r  than  ^  p o s te r io r i  h y p o th e se s . T h is  

would improve the  v a l i d i t y  o f  th e  t e s t s  e s p e c ia l ly  i n  r e j e c t i n g  a 

p a r t i c u l a r  h y p o th e s is .  F o r exam ple, t e s t in g  th e  p r e - e x is t in g  

b eh av io r h y p o th e s is  c o u ld  be improved by c o l l e c t in g  o b s e rv a t io n s  

of manual b e h a v io r  on a  number o f s u b je c ts  p r i o r  to  s ig n  

t r a in in g .  A check l i s t  o f  b o th  manual a c t io n s  of th e  s ig n s  to  be 

t ra in e d  a s  w e ll  a s  o th e r  s ig n s  and a c t i v i t i e s  cou ld  be used  to 

e f f e c t i v e l y  a s s e s s  m anual b e h a v io rs  in  the  s u b je c t s '  p r e t r a in in g  

r e p e to i r e .  A n a ly s is  o f  th e  d a ta  m ight be postponed  u n t i l  a f t e r  

s ig n  t r a i n in g  te rm in a te d  to  av o id  ex p e rim e n te r  b i a s  re g a rd in g  

s u b je c t  m anual te n d e n c ie s .

A t e s t  o f  th e  m otor d i f f e r e n c e  h y p o th e s is  cou ld  be improved 

by c o n t r o l l in g  f o r  f a c t o r s  o th e r  than the g e s tu r a l  component of 

th e  s ig n . By a s s ig n in g  s u b je c t s  to  two g roups, th e  in f lu e n c e  of 

the  m otor component o f  a  s p e c i f i c  s ig n  on s ig n  l e a r n in g  co u ld  be 

e v a lu a te d  by n o rm a lly  t r a in in g  the  s ig n  to  one g roup  and by 

t r a in in g  a  m od ified  v e r s io n  o f  the  s ig n  to  the o th e r  g roup . The 

m odified  s ig n  would c o n s i s t  o f  th e  same r e f e r e n t  a s  the  norm al 

s ig n ; how ever, i t s  a s s o c ia te d  g e s tu r a l  component would be from  a
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d i f f e r e n t  s ig n . A com parison  o f  perform ance f o r  norm al and 

m o d ified  s ig n  groups would in d ic a te  the  in f lu e n c e  o f  the  g e s tu r a l  

o r  m otor component a lo n e  on s ig n  le a r n in g .

The s e le c t i v e  a t t e n t i o n  h y p o th e s is  t e s t  co u ld  be im proved by 

co n d u c tin g  r e f e r e n t  i n t e r e s t  t e s t s  p r io r  to  and  th ro u g h o u t s ig n  

t r a i n in g  f o r  each  o f  th e  s u b je c t s .  In  t h i s  way the tem poral 

r e l a t i o n s h ip  betw een i n t e r e s t  in  a  r e f e r e n t  and th e  f u tu r e  

perfo rm ance o f  th e  r e f e r e n t 's  s ig n  can be d e te rm in ed . Care in  

s e le c t i n g  a p p ro p r ia te  r e f e r e n t s  and s ig n s  would enab le  d ev e lo p in g  

a  p ro to c o l  f o r  s im u lta n e o u s ly  e v a lu a t in g  th e  s e le c t iv e  a t t e n t i o n  

and the p re -c o n c e p t h y p o th e se s . F o r exam ple, s e t s  o f r e f e r e n t s  

b o th  n e v e r  seen  b e fo re  and known to  have been e x p e rien c e d  by the 

s u b je c t s  ( r e q u i r in g  knowledge o f  the  s u b je c ts  background h i s to r y )  

c o u ld  be a s s e s s e d  a s  to  th e  s u b je c t s '  i n t e r e s t  to  the  r e f e r e n t s .  

T h is  would a llo w  a 2X2 d e s ig n  i n  which bo th  h y p o th eses  cou ld  be 

e v a lu a te d  d u r in g  and a f t e r  s ig n  t r a in in g .
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