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A b s t r a c t  

Y e r k i s h ,  t h e  l a n g u a g e  desc r i t r4d  i n  this p a p e r ,  was devigrred f o r  

the purpose  of e x p l o r i n g  t h e  e x t e n t  t o  which non-human o r g a n i s m s  (e.g. 

g r e a t  a p e s )  c o u l d  be t-,rougiit t o  a c q u i r e  l i n g u i s t i c  skills. F i r s t  

a t t e m p t s  a t  t e a c h i n g  a spoken language  t o  non-human primates had f a i l e d ,  

a p p 3 r e n t l y  b e c a u s e  ol t l le  a n i m a l s '  i n c a p a c i t y  v o c a l l y .  t o  p roduce  tlle 

phonemes of  a n a t u r a l  l anguage .  Subsequent  work (Gardner  G C a r d n e r ,  1971;  

I 'remack, 1 9 7 1 )  d e m o n s t r a t e d  t h a t  colr.munication cou ld  be a c h i e v e d  Ey means 

of v i s u a l  s i g n s  o r  symbols .  

Yerk i sh  is a  v i s u a l  l a n g u a g e  w i t h  a l e x i c o n  of gsap l r i c  word symbols  

( l e x i g r a m s ) ,  e a c h  of whicl;l i s  a c o m b i n a t i o n  of d i s c r e t e  r e c u r s i v e - d e s i g n  

e l e m e n t s .  Each l e x i g r a m  i s  r e p r e s e n t e d  on o n e  of  125 keys  of a k e y b o a r d ,  

S e n t e n c e s  a re  formed b y  p r e s s i n g  keys  i n  s u c c e s s i v e  o r d e r .  S e n t e n c e  

l e n g t h ,  a t  p r e s e n t ,  i s  l i m i t e d  t o  seven lex igrams .  I n p u t  from t h e  

keyboard  is  m o n i t o r e d  and r e c o r d e d  b y  a  computer t h a t ,  c o n t a i n s  i n  i t s  

c o r e  t h e  l e x i c o n ,  A p a r s e r ,  and c e r t a i n  r e s p o n s e  c a p a b i l i t i e s .  

The g rammar  i s  s t r i c t l y  i n t e r p r e t i v e  and w a s  d e r i v e d  f r o r  t1:e 

1 c o r r e l a t i o n a l '  systkm implenlented i n  t h e  ? I u l t  is  t o r e  p a r s e r  f o r  1 : n ~ l i s P .  

s e n t e n c e s  (von C l a s e r s f e l d . &  P i s a n i ,  197-0). ? h e  p a r s e r  works o n  t h e  

bas i s  of e s s e n t i a l l y  n o n - l i n g u i ~ t i c  c l a s s i f i c a t i o n s  of items arkd 

r e l a t i o n a l  c o n c e p t s  ( t a b l e s  of t h e  o p e r a t i o n a l  c l a s s e s  a r e  p r o v i d e d  i n  

t h i s  F a p e r ) .  I t  p roduces  a s t r u c t u r a l  a n a l y s i s  i n  t e rms  o f  imr?.ediat,e 

c o n s t i t u e n t s .  I f  a n  i n p u t  s t r i n g  y i e l d s  one  comprehens ive  s t r u c t u r e ,  

t h e  s t r i n g  i s  deemed grammat.ica1. The f i r s t -  l e x i g r a m  f u n c t i o n s  as a 

s e n t e n c e  marker  i n d i c a t i n g  t h e  mood of t h e  u t t e r a n c e :  a f f i r m a t i v e ,  

n e g a t i v e ,  i n t e r r o g a t i v e ,  and i m p e r a t i v e .  I n  t h e  c a s e  of  c e r t a i n  



r e q u e s t s  ( i m p e r a t i v e s ) ,  t h e  conputer  a c t i v a t e s  mechanical  d e v i c e s  that 

f u l f i l  t h e  r e q u e s t  ( d i s p e n s i n g  food,  d r i n k ,  t o y s ,  p l a y i n g  music o r  a 

movie, e t c . )  Given t h i s  response  c a p a b i l i t y ,  a  24-hour l e a r n i n g  s i t u a t i o n  

i s  c r e a t e d  i n  which there .is always some ' p o t e n t i a l  i n c e n t i v e  f o r  the 

animal  t o  u se  l i n g u i s t i c  communication. 

Yerkish lex igrams and sen tences  are  e a s i l y  t r a n s l a t e d  i n t o  E n g l i s h ,  

b u t  semant ics  and s e n t e n c e  s t r u c t u r e  a r e  somewhat r e s t r i c t e d .  Lexigrarns 

a l v a y s  have only one meaning of t h e  cor responding  E n g l i s h  and 

t h e  r u l e s  f o r  t h e i r  c o n c a t e n a t i o n  \$ere designed t o  reduce  a m b i g u i t i e s  t o  

a  minimum. 

The paper exp la ins  dev ia t ions  from ~ n g l i s h  grammar by means of 

s t r u c t u r a l  diagrams and demonst ra tes  t h a t ,  i n  s p i t e  of t h e  many s i m p l i  

f  i c a t i o n s ,  Yerkish a l lows  f o r  embedded clau-ses  and i s ,  indeed ,  capab le  

of expansion i n  many d i r e c t i o n s .  

? Three  examples of conversq t ions '  w i t h  the  young female  chimpanzee 

that is being t a u g h t  t h e  u s e  of Yerkish are  added as an appendix t o  

t h e  paper .  
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The Yerkish Language f o r  Xon-Human Primate's - - (1) 

I n t r o d u c t i o n  

There a r e  .several  reasons w h y  i t  would be cumbersome and even some- 

what mis leading  t o  o r g a n i z e  a d e s c r i p t i o n  of t h e  language used i n  ou r  

communication s tudy w i t h  non-human primates, accord ing  t o  t h e  l i n g u i s t ' s  

t r a d i t i o n a l  p a t t e r n ,  i n  t h r e e  nore  o r  less i d e p e n d e n t  s e c t i o n s  d e a l i n g ,  

r e s p e c t i v e l y ,  wi th  granunar, lexicon, .  and semant ics .  Yerkish is an 

a r t i f i c i a l  language t h a t  was designed f o r  a s p e c i f i c  and p e c u l i a r  purpose 

t o  explorbe t o  what e x t e n t  apparent ry  n o n - l i n g u i s t i c  organisms could 

acquire  l i n g u i s t i c  s k i l l s  i f  they were placed in an environment i n  

which t h e  use  of l i n g u i s t i c  communication would be t o  their advantage. 

Being an a r t i f i c i a l  language,  t h e  d e s i g n  of Yerkish was s u b j e c t  t o  

c o n s t r a i n t s  t h a t  are r a t h e r  d i f f e r e n t  from t h o s e  t h a t  may o r  may n o t  

have impinged upon t h e  development of n a t u r a l  languages.  Conputa t iona l  
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s a t i o n  of t h e  Yerkish language,  i t s  grammar, and t h e  ' f l ~ l ~ i s t o r e  



l i n g u i s t s  w i l l ,  I a m  s u r e ,  a g r e e  t h a t  n a t u r a l  l anguages  would have 

d i f f e r e n t  grammars and d i f f e r e n t  i n t e r p r e t i v e  r u l e s  i f ,  from t h e  v e r y  

beg inn ing  of t h e i r  e v o l u t i o n ,  t h e y  had had t o  b e  i n t e l l i g i b l e  t o  a 

computer. And t h a t  is what Yerk ish  had t o  be .  For r ea sons  t h a t  w i l l  

become c l e a r  when w e  d i s c u s s  t h e  r e s e a r c h  background of t h e  p r o j e c t ,  

t h e  i n t r o d u c t i o n  of a  computer as m ~ n i t o r  of t h e  communication system 

w a s  one of t h e  s a l i e n t  f e a t u r e  of  t h i s  r e s e a r c h  e f f o r t  (Rumbaugh -- e t  a l . ,  

1973a).  

Other  c o n s t r a i n t s  i n  t h e  development of t h e  Yerkish  language  w i l l  be  

d i s c u s s e d  a t  t h o s e  p o i n t s  i n  t h e  e x p o s i t i o n  where t h e i r  e x p l i c a t i o n  

seemed most a p p r o p r i a t e .  I have t r i e d  t o  c o n c e n t r a t e  s p e c i f i c  a s p e c t s  

under i n d i c a t i v e  s u b t i t l e s .  I have no i l l u s i o n s  t h a t  t h i s  h a s  been 

wholly s u c c e s s f u l .  lly rmin g o a l ,  however, was t o  g i v e  t h e  r e a d e r  a s  

complete a s  p o s s i h l e  a  p i c t u r e ,  n o t  on ly  of what  was done, b u t  a l s o  of 

why i t  was done. The i n s t r u m e n t a l  a s p e c t  of Yerk i sh  as t h e  l i n g u i s t i c  

vehic le  i n  an expe r imen ta l  communication s tudy  must be  kep t  i n  mind a t  

a l l  times; much of what f o l l o w s  i n  t h e s e  pages can  make s e n s e  on ly  i f  i t  

i s  pu t  i n t o  t h a t  p e r s p e c t i v e .  

Another p o i n t  t h a t  I should  l i k e  t o  stress i s  t h a t .  t h e  a r t i f i c i a l  

language on which t h i s  paper  r e p o r t s  is on ly  one of s e v e r a l  major  

e f f o r t s  t h a t  made t h i s  communication s tudy  p o s s i b l e .  Such s u c c e s s  as w e  

have had i s  t h e  r e s u l t  of. team work i n  t h e  f u l l e s t  s e n s e  of  t h a t  term. 

The p r o j e c t  would never  have g o t  o f f  t h e  ground i f  i t  had n o t  been f o r  

t h e  -continuous p a t i e n t  c o l l a b o r a t i o n  6f seven r a t h e r  he te rogeqeous  s p e c i a -  

l i s t s  from t h r e e  d i f f e r e n t  i n s t i t u t i o n s  ( s e e  f o o t n o t e  l )  and ,  l a s t  b u t  

n o t  l e a s t ,  f o r  t h e  pe r seve rance  of o u r  f.emale chimpanzee Lana. ( F i g .  1: 



F i g u r e  1 

The chimpanzee Lana worl'ing a t  her  lceyboard 



Background 

Yerkish i s  a v i s u a l  l anguage  of g r a p h i c  w o r d - s y ~ t o l s ,  de s igned  f o r  

r e s e a r c h  i n  .communication w i t h  non-human p r i m a t e s  and,  poss i .b ly ,  a s  a  

s u b s t i t u t e  v e h i c l e  f o r  humans who, f o r  p h y s i o l o g i c a l  r e a s o n s , - c o u l d  n o t  

a c q u i r e  a spoken language.  Lieberman(l968)  , on t h e  b a s i s  of  anatomical  

i n v e s t i g a t i o n s ,  .came t o  t h e  c o n c l u s i o n  t h a t  t h e  v o c a l  a p p a r a t u s  o f  the  

g r e a t  apes p r e c l u d e s  t h e  p r o d u c t i o n  and modula t ion  of  many of t h e  

phonemes t h a t  make up t h e  r e p e r t o i r e  of human l anguages .  F o r t y  y e a r s  

e a r l i e r ,  Robert  Yerk-es (1925) ,  t h e  founder  of the f i r s t  p r i m a t o l o g i c a l  

r e s e a r c h  i n s t i t u t e ,  i n  whose honor w e  have named ou r  l anguage ,  had 

a l r e a d y  observed t h i s  v o c a l  handicap  of t h e  non-human p r ima te s .  I n  t h e  

i n t e r v e n i n g  years ,  t h e  Z a i l u r e  of s e v e r a l  long-term e f f o r t s  t o  t e a c h  a 

chimpanzee E n g l i s h ,  J apanese ,  o r  Russ i an ,  e m p i r i c a l l y  confirmed h i s  

o b s e r v a t i o n  ' ( fo r  a rev iew,  c f .  F loog  and MelnechuE., 1971) .  

The f a c t ,  however,  t h a t  t h e  g r e a t  apeas  are b a r r e d  from speak.-ing 

a language  does  n o t  n e c e s s a r i l y  mean t h a t  they cou ld  n o t  unde r s t and  one ,  

no r  t h a t  they  cou ld  n o t  l e a r n  t o  u s e  a 1 i n . g u i s t i c  c o ~ m u n i c a t i o n  systent  

t h a t  f u n c t i o n s  i n  a n o t h e r  s e n s o r y  moda l i t y .  The re  s t i l l  a r e ,  of c o u r s e ,  

I t  s c h o l a r s  who, d e f i n i n g  language" from a r a t h e r  a n t h r o p o c e n t r i c  p o i n t  o f  

v iew,  r e f u s e  t o  a l l o w  t h e  term f o r  any cornrr.unication system t h a t  does  n o t  

u s e  t h e  voca l - aud i to ry  mode of t r a n s m i s s i o n .  Among o t l ~ e r  t l ~ i n g s  , t h i s  

would mean t h a t  programming languages  and o t h e r  s i l e n t  communication 

sys tems could n e v e r  be  c a l l e d  " language" ,  no matter l l a ~  a d e q u a t e l y  they  

might  b e  d e s c r i b e d  i n  terms of l e x i c o n ,  s y n t a x ,  and s e m a n t i c s .  Today ,  

I t  t h e r e  seems t o  be  a  g r o ~ ~ ~ i n g  consensus  t h a t  t h i s  r e s t r i c t i o n  of language" 



t o  a c o u s t i c  sys tems i s  n o t  a  s t i e n t i f i c a l l y  n e c e s s a r y  o r  u s e f u l  one  

(Ploog and Melnechucli, 1971  : 640; Lyons,  1 9 7 2  : 64) . I n t e r e s t ,  t h u s ,  

h a s  s h i f t e d  from t h e  q u e s t i o n  whether  o r  n o t  o t h e r  o rgan i sms  can l e a r n  

t o  speak a l anguage ,  t o  t h e  q u e s t i o n  whether  o r  n o t  t h e y  can  l e a r n  t o  

h a n d l e  a cornmunica t i~n  sys tem that is l i n g u i s t i c  i n  its s t r u c t u r e .  

Given t h a t  t h e r e  seems t o  b e  no compe l l i ng  ev idence  t h a t  any non- 

human species on t h i s  e a r t h  h a s ,  i n  f a c t ,  developed a c ~ ~ u n i c a t i o n  

11 sys tem that could  l e g i t i m a t e l y  b e  c a l l e d  language" ,  one might  k e  

i n c l i n e d  t o  thinlc t h a t  a t t e m t s  t'o t e a c h  a  Language t o  a non-human 

organism are neces sa r f - fg  ci-owmd Bail. T h i s  c o n c l u s i o n ,  however,  

would be  q u i t e  unwarran ted .  Animal t r a i n e r s  i n  c i r c u s e s  and i n  t h e  

l a b o r a t o r y  have shown beyond a l l  doubt  t h a t  many s p e c i e s  have  a p o t e n t i a l  

f o r  the a c q u i s i t i o n  of s k i l l s  t?hich no one ,  wl~o observed  t h e  s p e c i e s  

i n  t h e  wild, would s u s p e c t .  The f a c t  i s  t h a t  t h e  b e h a v i o r s  an 

organism m a n i f e s t s  i n  a g iven  environment  c o n s t i t u t e  under  a l l  circum- 

s t a n c e s  o n l y  a s u b s e t  of t h e  b e h a v i o r s  which t h e  o rgan ism could  a c q u i r e  

i n  d i f f e r e n t  env i ronments  (Lorenz,  1974 ) .  I n  t h e  a r e a  of c o g n i t i v e  

s k i l l s ,  f o r  i n s t a n c e ,  ~ o h l e r ' s  i n v e s t i g a t i o n s  (1925) a l r e a d y  i n d i c a t e d  

t h a t  the g r e a t  apes had been d r a s t i c a l l y  u n d e r r a t e d .  S i n c e  t h e n ,  and 

up t o  t h e  d e m o n s t r a t i o n  of " h i g h e r  m e n t a l  f u n c t i o n s "  by Viki (Hayes 

and N i s s e n ,  1956/1971) , e s p e c i a l l y  the c l~ impanzee ' s  i n t e l l e c t u a l  

r e p u t a t i o n  h a s  c o n t i n u o u s l y  grodn (P.umbaug11, 1970) . Thus i t  h a s ,  i n d e e d ,  

become more and more p e r t i n e n t  t o  a sk  j u s t  how f a r  a chimpanzee ( o r  o t h e r  

g r e a t  ape)  cou ld  be b r o u g h t  i n  t h e  a c q u i s i t i o n  of l i n g u i s t i c  s k i l l s  

which do - n o t  r e q u i r e  v o c a l  s p e e c l ~ .  

T.he s u c c e s s  o f  t h e  Gardners  (1969,  1971) w i t h  +-heir chimpanzee \\ 'ashoe 



i s  s o  w e l l  known t h a t  t h e r e  i s  no need t o  rei,terate t h e  d e s c r i p t i o n  of 

t h e i r  p ionee r ing  work. Using American S ign  Language (ASL) as a v e h i c l e ,  

they  e s t a b l i s h e d  i r r e f Q t a b l y  t h a t  an i n f a n t  chimpanzee can be  t a u g h t  t o  

communicate v e r y  e f f e c t i v e l y ;  and t h e r e  would seem t o  b e  no r e a s o n  why, 

g iven  a conducive  environment,  Washoe's communicatory s k i l l  shou ld  n o t  

c o n t i n u e  t o  grow as s h e  deve lops  towards i n t e l l e c t u a l  m a t u r i t y .  

It h a s  been r e p e a t e d l y  o b j e c t e d ,  however, t h a t  Washoe's s u c c e s s f u l  

communications a r e  as y e t  no proof  t h a t  s h e  h a s  a c q u i r e d  "language" 

(e .g .  Lenneherg,  1971; Brown, 1971 ) .  Piost of t h e  s k e p t i c i s m  about  

washoe's  l i n g u i s t i l c  accomplishments i s  based on t h e  argument t h a t  t h e  

s t r i n g s  of s i g n s  s h e  produced do n o t  m a n i f e s t  s y n t a c t i c  competence, 

When Washoe was in t roduced  t o  ASL, no r i g i d  r u l e s  of s i g n - o r d e r  were 

observed and t h e  r e l a t i o n a l  s eman t i c s  (which, f o r  i n s t a n c e  i n  E n g l i s h ,  

i s  taken  c a r e  of t o  a l a r g e  e x t e n t  by word-order) was l e f t  i m p l i c i t  i n  

t h e  communicatory even t  and had t o  b e  i n t u i t i v e l y  g leaned  from t h e  

s i t u a t i o n a l  c o n t e x t  by t h e  o b s e r v e r  (Gardner and Gardner ,  1971) .  S i n c e  

a language u s e r ' s  compliance w i t h  t h e  s y n t a c t i c  r u l e s  of t h e  l anguage  

an impor tan t  c r i t e r i o n  i n  t h e  e v a l u a t i o n  of h i s  l i n g u i s t i c  performance,  

t h e  apparen t  t a c k  of such r u l e s  i n  ASL made i t  - a p r i o r i  q u e s t i o n a b l e  

whether  Washoe's o r ,  indeed ,  any o t h e r  ASL-user 's  s t r i n g i n g  t o g e t h e r  of 

I I s i g n s  could b e  cons ide red  s y n t a c t i c  and t h u s  ev idence  of language" on 

t h e  t h e o r e t i c a l  l e v e l .  I n  a d d i t i o n  t o  t h a t ,  a l'ack of s y n t a c t i c  r u l e s  

i s  the-  ve ry  r ea son  why Washoe's , ~ ~ m m u n i c a t i o n s  cou ld  n o t  c o n t a i n  many 

r e l a t i o n a l  i n d i c a t i o n s .  For i n s t a n c e ,  s i n c e  t h e  s i g n  system t a u g h t  t o  

Washoe had no c o n s i s t e n t  means f o r  d e s i g n a t i n g  a c t o r  and p a t i e n t  i n  

a c t i v i t y  s i t u a t i o n s  (comparable t o ,  s a y ,  t h e  subject'-yerb-ob ject  sequence 



i n  many n a t u r a l  l anguages) ,  t h e  ass ignat ion  of t h e s e  r o l e s  was l e f t  

t o  t h e  i n t u i t i o n  o r  t h e  common sense of the  rece iver .  

I n  r e t r o s p e t t  i t  i s  easy  t o  see t-hat t h i s  r e l a t i v e  l a c k  of s y n t a c t i c  

r i g i d i t y  would supply c r i t i c s  w i t h  arguments t h a t . t e n d  t o  d i m i n i s h  

claims with regard t o  washoe's l i n g u i s t i c  competence. On t h e  o t h e r  

hand, i t  is  e q u a l l y  clear that the GardnersS when t h e y  s t a r t e d  on 

t h e i r  s p l e n d i d  e n t e r p r i s e . ,  were concerned abov'e a l l  w i t h  t h e  f o r m i d a b l e  

task of e s t a b l i s h i n g  a  v i a b l e  form of  communication with a chimpanzee, 

and t h e y  could n o t  p o s s i b l y  have f o r e s e e n  a l l  the  t h e o r e t i c a l  r e a s o n s  

why l i n g u i s t s  and p h i l o s o p h e r s  of language  might  doubt  t h a t  t he  

communication sys tem they chose,  and t h e  \\ray. VJashoe was going  t o  u s e  

i t ,  shou ld  be  c a l l e d  " l i n g u i s t i c " .  Hence I s h o u l d  l i k e  to emphasize 

t h a t  my a t tempt  to c l a r i f y  the s y n t a c t i c  problem i s  i n  no way i n t ended  

a s  a cr i t ic ism of t h e  work accomplished w i t h  Washoe, b u t  s o l e l y  t o  

throw some l i g h t  on t h e  several ways i n  which o u r  p r o j e c t ,  s t a x t e d  a 

few years' l'ater, was a b l e  t o  b e n e f i t  from t h e  ~ a r d n e r s '  e f f o r t .  

The Cornmunitation F a c i l i t y  
-, 

The b a s i c  i d e a  of our  p r o j e c t  a t  t h e  Yerkes P r i m a t e  Research Center  

was t h e  i n t r o d u c t i o n  of a computer as a thoroughly  o b j e c t i v e  monztor of 

a l l  l i n g u i s t i c  t r a n s a c t i o n s .  T h i s  s o l v e d  sev-era1 problems a t  once. I n  

t h e  first -place,  i t  e l i m i n a t e d  t h e  p r o b l e ~  of  s u b j e c t i v e  o r  i n t u i t i v e  

e v a l u a t i o n  of t h e  grammatical  c o r r e c t n e s s  of t h e  e x p e r i r e n t a l  a n i m a l ' s  

l i n g u i s t i c  p roduc t s .  I n c o r p o r a t i n g  a reduced and s u i t a b l y  adapted  

Multistore P a r s e r  (von Glasersfeld and Pisani, 1970) ,  t h e  computer can 

t I o b j e c t i v e l y "  judge grammaticality. An i n p u t  s t r i n g  e i t h e r  confo rms  t o  



l e g i t i m a t e  s y n t a c t i c  s t r u c t u r e ,  d r  i t  does n o t .  There cannot  be  any 

doubt  e i t h e r  way. Second, t h e  computer has  no diff iculmty i n  r e c o r d i n g  

every  inpu t  and t r a n s a c t i o n  t h a t  t a k e s  p l a c e ,  b e  i t  grammatical  o r  n o t .  

T h i r d ,  thanks t o  t h e  computer, t h e  communication f a c i l i t y  c a n  be  k e p t  

i n  o p e r a t i o n  twenty-four  hours  a day, w i t h o u t  t h e  f o r b i d d i n g  c o s t  of 

s e v e r a l  s h i f t s  of t e c h i n i c i a n s  and- o b s e r v e r s .  

I n  o r d e r  t o  t u r n  t h e  communication f a c i l i t y  i n t o  a l e a r n i n g  

environment t h a t  could af  l e a s t  t o  some e x t e n t  o p e r a t e  wi thou t  t h e  

presence  of a.human a system of au tomat ic  r e sponses  was implemented. 

By a c t i v a t i n g  one of a set of machine-commanded d i s p e n s e r s ,  t h e  computer 

can s a t i s f y  a number of r e q u e s t s ,  provided t h e s e  r e q u e s t s  a r e  c o r r e c t l y  

formulated by t h e  exper imenta l  animal. So f a r ,  t h e  au tomat i c  responses 

a r e  l i m i t e d  t o  t h e  d i s p e n s i n g  of v a r i o u s  foods  and d r i n k s ,  t o  openivg 

and s h u t t i n g  8 window., a c t i v a t i n g  a movie and a s l i d e  p r o j e c t o r  as 

w e l l  as a t a p e  p l a y e r .  I n  .the f u t u r e  w e  hope t o  add something of a 

question-answering system i n  o r d e r  t o  enab le  t h e  computer To respond 

v e r b a l l y  t o  some q u e s t i o n s  and ,  perhaps ,  a l s o  t o  g i v e  some feedback  w i t h  

regard  t o  e r r o r e  made i n  t h e  s u b j e c t ' s  l i n g u i s t i c  i n p u t .  

A f u l l  d e s c r i p t i o n  of t h e  communication f a c i l i t y ,  a s  i t  i s  i n  oper- 

ati,on a t  p r e s e n t ,  h a s  been publ i shed  elsewhere (Rumbaugh -- e t  a l . ,  1973a), 

Here w e  s h a l l  b e  mainly concerned w i t h  t h e  Yerkish  language.  A quick 

survey of t h e  main components of t h e  i n s t a l l a t i o n  w i l l  have t o  s u f f i c e .  

Input  t o  t h e  system i s  e f f e c t e d  by means of a keyboard of maximally 

125 keys,  a r ranged  i n  v e r t i c a l  p a n e l s  of 25 each.  Four such p a n e l s  a r e  

i n  u s e  a t  p r e s e n t ,  corresponding t o  a t o t a l  of 100 E'eys. Each key 

r e p r e s e n t s  one lex igram,  i . e . ,  a geomet r i ca l  d e s i g n  which c o n s t i t u t e s  



a word-symbol ( l e x i c a l  item) of t he  ~ e r k i s h  language .  Depress ion  of 

a key a c t i v a t e s  the cor respoqding  item i n  t h e  computerized l e x i c o n  

which i s  permanent ly  i n c o r p o r a t e d  i n  the l l u l t i s t o r e  p a r s e r .  The s p a t i a l  

arrangement of t he  l ex ig rams  i n  t h e  keyboard c a n  be e a s i l y  r e s h u f f l e d  

( t o  p reven t  t h e  expe r imen ta l  an imal  from a c q u i r i n g  a f i xed  motor p a t t e r n ) .  

To s w i t c h  on t h e  sys tem,  a h o r i z o n t a l  b a r ,  mounted \ d e l l  above t h e  

keyboard,  h a s  t o  be  p u l l e d  down. The bqr  has  t o  b e  he ld  down c o n t i n u o u s l y  

thfoughout  t h e  i n p u t  of a message. Lana, t h e  female  i n f a n t  Fhimpanzee 

w i t h  whom w e  have b e e s  working,  does  t h i s  by hanging on t o  t h e  b a r  w i t h  

one hand w h i l e  u s i n g  t h e  o t h e r  t o  p r e s s  keys .  I f  t h e  sys tem i s  swi tched  

on and s e v e r a l  keys are then  p re s sed  i n  success i .on ,  ending w i t h  t h e  

I1 per iod"  key ( b l ~ e  "end-of-message" s i g n a l  f o r  t h e  computer) , t h e  p a r s e r  

11 takes t h i s  s f r i n g  as a -  sen t ence"  and a n a l y z e s  i t  i n  o r d e r  to  e s t a b l i s h  

whether  o r  n o t  i s  is  g r a m n a t i k a l l y  c o r r e c t .  I f  t h e  i n p u t  s t r i n g  is a 

g rammat ica l ly  c o r r e c t  r e q u e s t ,  t h e  machine a l s o  de t e rmines  t h e  o b j e c t  

of t h e  r e q u e s t  and, i f  i t  i s  w i t h i n  t h e  r a n g e  of  automated r e s p o n s e s ,  

s a t i s f i e s  t h e  r e q u e s t  by a c t i v a t i n g  t h e  r 'e levant  d i s p e n s e r  a r  mechanism. 

Rega rd l e s s  of  t h e  o u t c o r e  of t h e  g r m a t i c a l  a n a l y s i s ,  t h e  machine 

p r i n t s  o u t  t h e  Engl i sh=word  tor-responding t o  each lex igram t h a t  has  

been a c t i v a t e d  and r e c o r d s ,  at t h e  end of the  s t r i n g ,  whe ther  o r  n o t  i t  

was found t o  b e  c o r r e c t .  

D i r e c t l y  above t h e  keykoard i n  t h e  expe r imen ta l  chamber, t h e r e  is a 

row of  seven! s m a l l  p r o j e c t o r s  i n  which t h e  geomet r ic  d e s i g n s  of t h e  

l ex igrams  appea r ,  one  by one  from l e f t  t o  r i g h t ,  a s  t h e i r  keys a r e  

be ing  p re s sed  on t h e  keyboard.  Th i s  p r o v i d e s  Lana w i t h  feedback  as t o  

t h e  p a r t  of t h e  message t h a t  has a l r e a d y  been typed i n ,  and a l s o  w i t h  a 



l i n e a r  r e p r e s e n t a t i o n  of t h e  s t r i n g  s h e  is composing. P s i g n a l l i g h t ,  

I 1  on t h e  r i g h t  of t h e  p r o j e c t o r s ,  l i g h t s  up when t h e  per iod" key has  been 

pressed and t e r m i n a t e s  t h e  message. 

Above t h i s  f i r s t  row of p r o j e c t o r s  t h e r e  i s  a second s i m i l a r  one 

which s e r v e s  t o  d i s p l a y  messages- t h a t  a r e  seqt. i n  t a  Lana from a second 

keyboard i n  t h e  t e c h n i c i a n f s  s t a t i o n  o u t s i d e  & a n a f s  chamber. l jessages  

o r i g i n a t i n g  f r o m t h e 4 t e c h n i c i a n f s  keyboard a r e  a l s o  recorded t h e  

I I computer, b u t  t h e y  are marked by a  code symbol a s  o p e r a t o r ' s  messages" 

and cannot  be confounded w i t h  ~ a n a ' s  l i n g u i s t i c  product ion .  

Thue Yerkish Lexigrams 

The o r i g i n a l  c o n s t r a i n t s  under which t h e  Yerkish  language was t o  

b e  designed were e s k e n t i a l l y  t h r e e .  

1 )  Drawing on t h e  exper i ence  of t h e  Cardners  (1969, 1971) and Premack 

(1971), Yerkish had t o  b e  a  v i s u a l  language w i t h  a  l e x i c o n  of 

u n i t a r y  word-symbols t h a t  could be represented  s i n g l y  on t h e  keys 

of a  keyboard. 

2) Both l e x i c a l  i t e m s  and s e n t e n c e  s t r u c t u r e  were t o  b e  as u n i v o c a l  a s  

p o s s i b l e ,  because t h i s ,  on t h e  one hand, would f a c i l i t a t e  t h e  

au tomat ic  p a r s i n g  of i n p u t  and,  on t h e  o t h e r ,  i t  was expected t o  

make a c q u i s i t i o n  of t h e  lariguage e a s i e r  f o r  our  s u b j e c t s .  

3 )  The s t r u c t u r e  of Yerkish w a s  t o  be c l o s e  enough t o  Engl i sh  'to 

a l low word-by-word t r a n s l a t i o n ,  i n  o r d e r  t o  make p a r t i c i p a t i o n  i n  

communication- e v e n t s ,  as w e l l  a s  t h e i r  e v a l u a t i o n ,  maximally ac- 

c e s s i b l k  t o  t e c h n i c i a n s  and obse rve r s .  

For a few weelcs a t  t h e  v e r y - o u t s e t  of t h e  e n t e r p r i s e ,  t he  a u t h o r  

r e v e l l e d  i n  dreams of an i d e a l  language i n  which e a c h  word was. t o  be 



composed o f  s e m a n t i c a l l y  s i g n i f i c a n t  p leremes (Hocket t ,  1961) .    here 

were t o  be i n d i v i d u a l  design e lements  d e s i g n a t i n g  t h e  more impor tan t  

r e c u r r e n t  semant ic  c a t e g o r i e s ,  and each  concept a v a i l a b l e  i n  t h e  ~ e r k i s h  

u n i v e r s e  of  d i s c o u r s e  was t o  b e  r e p r e s e n t e d  by a lex igram ( i , e .  t h e  

v i s u a l f g r a p h i c  c a u n t e r p a r t s  t o  words i n  spoken languages)  composed of 

d e s i g n  e lements  & i c h ,  i n  t h e i r  own r i g h t ,  would d e s i g n a t e  t h e  major  

semant ic  c a t e g o r i e s  t o  which t h e  concept  belonged.  Thus, f o r  i n s t a n c e ,  

a s  t h e  American I n d i a n  language  Yuehi (Crawford, 1973) h a s  a morpheme t h a t  

recurs .  i n  any word t h a t  d e s i g n a t e s  a p a r t  of t h e  human body,  every Yerk i sh  

lex igram d e s i g n a t i n g  a p a r t  of t h e  p r i m a t e  body would have  con ta ined  

a s p e c i f i c  d e s i g n  element.  Given t h a t  t h e  Yerki,sh lexicon was, i n  any 

case,to co.ntain no more than two o r  t h ree  hundred l ex ig rams ,  i t  

seemed f e a s i b l e  t o  cover  a t  l e a s t  t h e  major semant ic  c a t e g o r i e s  with a  

hundred o r  s o  d e s i g n  e lements .  The r e a s o n  f o r  doing t h i s  w a s ,  of c o u r s e ,  

t h a t  such a language would have been a n  i n v a l u a b l e  i n s t rumen t  f o r  t e s t i n g  

ou r  s u b j e c t ' s  c ' l a s s i f i c a t o r y  s k i l l  and p r o c e s s e s  of concep t  fo rmat ion .  

The dream w a s  soon s h a t t e r e d  by fiechn.ica1 res t r . i c t i o n s .  The feedback  

p r o j e c t o r s  above t h e  keyboard had t o  be such that each one  of them cou ld  

d i s p l a y  every  lexigsam of t h e  language. Within  o u r  budge t ,  t h i s  could b e  

achieved on ly  i f  a l l  l ex igrams  were des igned  i n  such a way t h a t  they could  

b e  gene ra t ed  by combining d e s i g n  e lements  o f , a  common s e t  l i m i t e d  t o  

twelve. Vnder these circumstances i t  was obv ious ly  imposs ib l e  t o  main- 

t a i n  t h e  i n d i v i d u a l  d e s i g n  e lements  s e m a n t i c a l l y  c o n s t a n t  and a d r a s t i c  

compromise had t o  be made. By choosing n i n e  g r a p h i c  e lements  t h a t  cou ld  

be  readi-Ly superimpos-ed, one over t h e  o t h e r ,  and t h r e 6  b a s i c  c o l o u r s ,  a  

l i t t l e  a d d i t i o n a l  f l e x i b i l i t y  was ga ined  ( s e e  Table  1.). By "mixing1' ' the 



t h r e e  b a s i c  c o l o u r s  we c o u l d  g e n e r a t e  seven  d i s c r i m i n a b l e  hues .  T o g e t h e r  

w i t h  b l a c k  (absence  of c o l o u r )  , t h i s  gave u s  e i g h t  background f e a t u r e s ,  

and t h e s e  could  be  used t o  colour-code a t  least  some i m p o r t a n t  c o n c e p t u a l  

categories ( see  T a b l e  2 ) .  

I n t e r p r e t i v e  v e r s u s  D e s c r i p t i v e  Grammar 

I I The grammar of  Yarkdsh i s  a d i r e c t  d e r i v a t i v e  of t h e  c o r r e l a t i o n a . 1 "  

'grammar t h a t  was implemented some y e a r s  ago i n  t h e  b l u l t i s t o r e  p a r s e r  f o r  

E n g l i s h  s e n t e n c e s  (von G l d s e r s f e l d ,  1964,  1965,  1970;  von G l a s e r s f e l d  

and P i s a n i ,  1968,  1970) .  I t  i s ,  t h e r e f o r e ,  s t r i c t l y  an i n t e r p r e t i v e  

I I I I grammar and lays no c la im t o  ge .ne ra t iveU p r o p e r t i e s ,  nor  i s  i t  t r a n s -  

fo rmat iona l "  i n  t h e  Chomskyan s e n s e  of t h a t  term. 

Tn t h e  hope t h a t  i t  might  d i s p e l  some misunders t and ings  t h a t  have 

haun ted  t h e  development of c o r r e l a . t i o n a 1  gr.ammar s i n c e  i t s  i n i t i a l  

c o ~ ~ c e p t i o n  b y ' S i l v i o  Ceccato  (Ceccata  e t  a l . ,  1960,  1 9 6 3 ) ,  1 should  l i k e  

to d w e l l  f o r  a moment on a p u r e l y  t h e o r e t i c a l  p o i n t .  1 h i l e  t h e  term 

I I grammar" is predominantky used t o  i n d i c a t e  t h e  f o r m a l i z e d  d e s c r i p t i o n  

1 1  of a language  (e .g .  Chomsky, 1965; 4 and.140),  c o r r e l a t i o n a l  grammar" 

i s ,  i n s t e a d ,  t h e  d e s c r i p t i o n  of an i n t e r p r e t i v e  sys tem.  The main d i f f e r e n c e  

between t h e  two, though b a s i c a l l y  s i m p l e ,  h a s  pe rhaps  no t  been made 

s u f f i c i e n t l y  e x p l i c i t .  An o r d i n a r y  gfammar i s  expec ted  t o  accoun t  f o r  

a l l  grammatical  s e n t e n c e s  of t h e  language  i n  a mare o r  l e s s  axiomat ic  

way, i . e .  by demonstrating t h a t  eve ry  p o s s i b l e  grammat ica l  s e n t e n c e  i s  

a  c a s e  under a f o r m a l l y  s t a t e d  r u l e  o r  s e t  of r u l e s .  An i n t e r p r e t i v e  

grammar, on the  o t h e r  hand ,  is  n o t  concerned w i t h  demons t ra t ing  t h e  

g rammat ica l i ty  of any s e n t e n c e ,  b u t  w i t h  t r a n s f o m i n g  the c o n t e p t  of a 

g i v e n  piece  of language  i n t o  a c a n o n i c a l  f b r h  composed of pre-established 



semantic elements or modules, It is a "gr;immarl! i n  the sense tha t  it 

consists of r u l e s  t h a t  govern t h i s  transformation, b u t  these r u l e s  desc r ibe  

t h e  language on ly  i n d i r e c t l y ,  s i nce  what t h e y  a c t u a l l y  describe is a model  

of t h e  language user  i n  t h e  receiving role. (Mote t ha t  by "model", in -- --- 
t h i s  context ,  we intend a processor which ,  given the  same i n p u t ,  w i l l  

y i e l d  the  same o u t p u t  as the processor  t o  b e  model led ,  regardless o f  t h e  

means it employs t o  do  so.  ) An i n t e r p r e t i v e  system of t h i s  k i n d ,  t h u s ,  

presupposes t he  grammaticality of i t s  i n p u t .  B u t  s i n c e  it is designed t o  

i n t e r p r e t  a l l  grammatical pieces of  language, it can b e  used t o  d e f i n e  

f f operationally as grammatical" any i n p u t  t h a t  it can interpret, w h i l e  

1 1  i n p u t  t h a t  it cannot i n t e r p r e t  can  be cons ide red  ungrammatical". 

When d e s i g n i n g  a c o r r e l a t i o n a l  grammar f o r  a n a t u r a l  l a n g u a g e ,  i t  

i5 a t r u l y  enornous problem t o  b r i n g  t h e  g r a m a r r s  interpretive c a p a b i l i t y  

anywhere near the interpretive c a p a b i l i t y  o f  t h e  n a t i v e  u s e r  of t h e  

language. I n  t h e  case of an a r t i f i c i a l  l anguage ,  hailever, t h i s  problem 

is altogether e l i m i n a t e d ,  because t h e  l ex icon ,  the r u l e s  of concatenation, 

and the  i n t e rp re t ive  grammar can be d e s i g n e d  a l l  a t  t h e  same titre. 

S i n c e  there is no native user,  who has a u n i v e r s e  of e x p e r i e n t i a l  c o n t e n t  

and well-established semantic connections (by  means of which this 

content is l i nked  to linguistic e x p r e s s i o n s ) ,  t h e  designer is f r ee  t o  

t a i l o r  t h e  l e x i c o n ,  as w e l l  as t h e  syntax  of his l anguage ,  to t h e  

universe of d i s c o u r s e  h e  envisages. 

That i s ,  t o  a l a r g e  ex t en t ,  how Yerkish was designed, e x p e c i a l l y  

w i t h  regard t o  the  ru les  of grammar. The  r e s u l t  of  it i s  t h a t  t h e  user 

of Yerkish can communicate i n  grammatically co r r ec t - l ex ig r am s t r i n g s  no 

more than t h e  c o r r e l a t i o n a l  grammar of Y e r k i s h  can i n t e r p r e t .  



A Restricted Unive r se  of Dis'course - - 

Yerkish, as it operates  a t  present, is in f a c t  a compromise In 

more than  one respect.  An e f f o f t  was made t o  create a p o t e n t i a l  un iverse  

of d i s c o u r s e  t h a t  would allow a non-human primate to formulate as many 

communications as p o s s i b l e  which, given the p a r t i c u l a r  environment, 

c o u l d  b e  used  instrumentally f o r  t he  attainment of goals  (von Glasers- 

f e l d ,  1974a) .  Such an a t t e m p t  i s  necessar i ly  b a s e d  on more o r  l e ss  

anthropocentric conjecture. T h e r e  i s ,  however, a ce r t a in  amount of 

evidence that non-human primates o r g a n i z e  t h e i r  p e r c e p t u a l  w o r l d  in 

a way t h a t  does no t  seem incompatible with o u r s .  I n  a c t u a l  f a c t ,  

Lana has  already demonstrated t h a t  all t h e  fterns which we assumed 

would take on t h e  function of g o a l s  f o r  her and would, therefore, a c t  

as i n c e n t i v e  t o  communicatory a c t i v i t y ,  were i n d e e d  a p p r o p r i a t e .  Where 

food and d r i n k  were concerned, this could almost be taken f o r  g r a n t e d .  

h ' i th  v i s u a l  displays s u c h  as a movie and s l i d e s ,  w i t h  t h e s o u n d s  of  music 

and vo ices ,  and with t h e  view through an open window, o u r  anthropocentric 

hope of analogy was well rewarded. Above a l l  i t  i s  g r a t i f y i n g  t~ n o t e  

t h a t  t he re  was n e v e r  a need t o  resort  t o  any f o m  of nega t ive  r ~ i n f o r c e -  

ment or punishment .  Though there  were, e s p e c i a l l y  a t  t h e  b e g i n n i n g ,  n o t  

v e r y  mgny t h i n g s  t h a t  Lana c o u l d  "say'' i n  Yerkish,  she  has never t i red  

o f  s a y i n g  them. 

On t h e  p r a c t i c a l  s i d e ,  s i n c e  t h e  i n t e rp re t ive  grarmnar was t o  b e  

implemented in a f u n c t i o n i n g  parser, the universe of d i s cou r se  was 

s t r i c t l y  l i m i t e d  b y  t h e  s i z e  of the computer t h a t  c o u l d  be  o b t a i n e d  

w i t h i n  t h e  budge t  of t h e  p r o j e c t .  Becau'se t h e  p r o j e c t  i s  ~ I ~ o l l y  

experimental and e x p l o r a t i v e ,  it was and is an a b s o l u t @  requirerent t o  



leave w i t h i n  t h e  computerized sys tem a certain amount of room f o r  

ad hoc modifications and additions t ha t  migh t  suddenly  prove necessary -- 

i n  view of  our subject's ac tua l  performance. Thus it was essential 

t h a t  t h e  implemented grammar shou ld  never occupy all of the ava i lab le  

space w i t h i n  the comp'uter. T h i s  is s m l l  t h e  case and we hope to be 

able  t o  maintain t h i s  flexibility f o r  some time to come. 

Technical Cons t x a i n t s  

There are f o u r  ways in which t h e  Yerkish universe of d i s c o u r s e  

is res t r i c ted .  F i r s t ,  there is t h e  nunber  of lexical Items t h e  system 

can handle .  The present  version of t h e  l l u l t i s t o r e  parser  can  dea l  

w i t h  a maximum of 250 Lexigrams. The i n t e r f a c e  that l i n k s  t h e  con-.puter 

to the  keyboard i n  t h e  experimental chamber i s  des igned  f o r  h a l f  t h a t  

number, i.e. f o r  125. The-keyboard, however, is d i v i d e d  i n t o  f i v e  panels 

of 25 keys  each and these  panels  a r e  r e a d i l y  exchafigeable. T h i s  means 

t h a t  the subject's vocabulary can, i n  f a c t ,  be  extended t o  250 items, 

bu t  only  a s u b s e t  of these,  namely 125, w i l l  b e  operative d u r i n g  a n y  

one sess ion .  (Since Lana a t  p r e s e n t  u s e s  a t o t a l  of 100 lexigrams, the re  

is still much room f o r  vocabulary expansion.), 

The second restriction a l s o  concerns t h e  vocabu la ry  of lexigrams, 

b u t  it s p r i n g s  from t h e  grammar of Y e r k i s h  and does n o t  l i m i t  t h e  number  

of i n d i v i d u a l  lexigrarns but ra ther  the number o f  conceptual classes to 

which lexigrams have to b e  a s s igned .  Because of its i n t e r p r e t i v e  

function, c o r r e l a t i o n a l  grammar requires a classification of l e x i c a l  

items t h a t  differs considerably from the word-classification used by 

txadi tional dcscr i p t i v e  gramars.  Lexigrams , in fact, are classified 

according t o  certain f u n c t i o n a l  c h a r a c t e r i s t i c s  of the concep t s  thev 



designate, i. e . ,  according t o  c o g n i t i v e  charac te r i s t ics .  

The lexicon with which a co r r e l a t i ona l  gramnar opera tes ,  therefore, 

is d iv ided ,  n o t  i n t o  a few gener ic  and l a r g e l y  rno rpho log ica l~y  d e f i n e d  

classes such as nouns, verbs, ad j ec t i ve s ,  etc. , but into a much larger 

number of classes def ined  i n  terms of what t h e  d e s i g n a t e d  i t e m s  can d o ,  

i .e ,  , by t h e  r o l e  o r  r o l e s  they play  i n  t h e  cogn i t ive  r ep resen ta t ion  of 

experiential  situations. In the case of " th ings1 ' -  t h i s  is, f o r  ins tance ,  

the  kinds  o f  a c t i v i t y  which they can perform as ac tors  and the  k inds  of 

a c t i v i t y  i n  which they  can p l a y  the  p a r t  of p a t i e n t ;  and i n  t h e  case 

of "ac t iv i t ies"  i t  i s ,  f o r  ins tance ,  t h e  kinds  of  change t h e y  b r i n g  

a b o u t .  

I n  t he  i m p l e m e n t a t i o n  of t he  i n t e rp re t i ve  s y s t e m ,  i.e. t h e  parser,  

it id t h e  characterization of  the l e x i c a l  classes that occupies  considerable 

space, no t  t h e  i n d i v i d u a l  l ex ica l  items. The t o t a l  n u m b e r  of c lasses ,  

therefore, has  to be dec ided  - a p r io r i .  I n  t h e  p resen t  Yerkish parser, 

t h e  maximum number of lexigram classes i s  4 6 .  A t  t h e  time of r k i t i n g ,  

35 of  these c lasses  have been f i l l e d  (see Table 3) .  The remaining 11 

are s t i l l  e m p t y ,  b u t  they can b e  made o p e r a t i v e  a t  any moment by t h e  

simple i n s e r t i o n  of new lexigrams and t h e  d e f i n i t i o n  of the f u n c t i o n a l  

p r o p e r t i e s  u f  the items t h e y  d e s i g n a t e ,  

The third restriction concerns the number of lexigrams t h a t  can be 

s t rung together t o  form one message. T h e  amount of data  t h e  parser  has 

t o  take i n t o  account d u r i n g  t h e  processing of a given  message, obv ious ly ,  

depends t o  some e x t e n t  on t h e  number of l e x i c a l  items o f  which the 

message i s  composed. T h i s  dimension c o r r e s p o n d s  to sen tence  length in 

n a t u r a l  languages.  As i t  was i m p o s s i b l e  t o  foresee w i t h  any  p r e c i s i o n  



j u s t  how much work space t h e  p a r s e r  might require f o r  the  analys is  of  

a l l  types of grammatical i n p u t  s t r i n g s ,  w e  preferred t o  be on tile safe 

s i d e  and limited' sentence l eng th  t o  seven lexigrams. On the  basis o f  

t h e  experience gathered since t h e n ,  w e  can 13ow say t h a t  t h e  computer 

system cou ld ,  'in f ac t ,  h a n d l e  i n p u t  s t r i n g s  of u p  t o  t e n  lexigrams and, 

hence,  we plan t o  extend t h e  capac i t y  of t h e  h t e r f a c e  hardware i n  t h e  

near f u t u r e  f r ~ m  seven t o  t en  Lexigrams. 

The f o u r t h  r e s t r i c t i o n  involves t h e  number of connectives (see 

Table 4 )  by means o f  which phrases and s e n t e n c e s  can be p u t  t o g e t h e r .  

These connec t ives  o r  c o r r e l a t o x s  are Ear more numerous i n  a c o r r e l a t i o n a l  

grammar than a?e t he  t r a d i t i o n a l  s y n t a c t i c  f u n c t i o n s .  T h i s  p r o l i f e r a t i o n  

i s  aga in  t h e  r e s u l t  o f  t h e  i n t e rp r e t i ve  purpose of t h e  s y s t e n .  A parser 

t h a t  i s  intended t o  e x t r a c t  t h e  concep tua l  con t en t  from pieces  of 

language must be a b l e  t o  i d e h t i f y  no t  on ly  the  concep tua l  items involved, 

b u t  a lso t h e  relational- concepts by means of w h i c h  they  are connected 

with one another. Hence, the t r a d i t i o n a l  d i s t i n c t i o n  between syn tax  

and semantics i s  no l onge r  ope ra t ive  in a c o r r e l a t i o n a l  grammar, and 

11 the  few bas ic  grammatical r e l a t i o n s "  ( e . g .  s u b j e c t - v e r b ,  verb-object ,  e tc . )  

which connect  grammatically charac te r ized  items, are rep laced  by a g r e a t  

f r many corre la tors"  which are considered the l i n g u i s t i c  expression of t h e  

r e l a t i o n a l  concepts t h a t  l i n k  items on t h e  concep tua l  l eve l .  

W h i l e  our  Engl ish  grammar o p e r a t e d  with some f i v e  hundred  c o r r e l a t o r s ,  ( 2 )  

t h e  grammar of ~ e r k i s h  i n  i t s  presen t  implementation i s  limited t o  4 6 .  O f  

these, 34 have so f a r  been s p e c i f i e d  and are functioning ( s e e  Table  4 ) .  

The remaining 1 2  w i l l  b e  f i l l e d  as a d d i t i o n s  t o  t h e  grammar became 

d e s i r a b l e  f rom an experimental  p o i n t  of v iew.  



The Grammar of Yerkish - - - .  

The in terpre t ive  purpose  of correlational grammars leads  t o  a 

shifting of  focus  from d h a r a c t e r i s t i c s  of words and sentences ,  qua 

linguistic items, to the -  characteristics of concepts and concep tua l  

s t r u c t u r e s ,  qua cognit ive i tems.  I d e a l l y ,  a c o r r e l a t i o n a l  grammar shou ld  

be a complete mapping of the  semantic connections between t he  elements 

and structures of a g i v e n  language,  on the one hand ,  and the elements 

and s t r u c t u r e s  of conceptual representation, on the o t h e r .  The bulk of 

vork r e q u i r e d  to produce such a mapping f o r  a g iven  n a t u r a l  language 

i s  so  v a s t  as to be almost f o r b i d d i n g .  Nevertheless, work in t h a t  

direction con t inues  unde r  var ious  headings and s i g n i f i c a n t  advances 

have been made ( e .  g .  Schank, 1972, 1973) . It w i l l  take a good d e a l  

more time to map the semantics of an average language user's universe of 

drscourse, b u t  t h a t  is h a r d l y  a reason f o r  not  go ing  on with it, 

expec ia l ly  since much of what has been done encourages the  hope that the 

task can, indeed ,  be completed. 

In d e s i g n i n g  an a r t i f i c i a l  language w i t h  a d r a s t i c a l l y  c u r t a i l e d  

universe of d i scourse ,  the  problem is far more manageable. The semantic 

connections can b e  made  as u n i v o c a l  as d e s i r e d  and,  c o n s e q u e n t l y ,  the 

p r o c e s s  of interpretation can b e  thoroughly  systematic. In t h e  case of 

Yerkisb, unlvocality w a s  d e s i r a b l e  n o t  on ly  w i t h  a view t o  the-  s i z e  of 

t h e  automatic parser b u t  a l s o  from t h e  p o i n t  of view o f  t h e  t each ing  

s t r a t e g i e s  t o  be employed with a non-human s u b j e c t *  Hence, Y e r k i s h  was 

(2) cf . F i n a l  S c i e n t i f i c  Report  , Automatic English Sentence Analysis ,  
(December 1969)  G r a n t  AFOSR 1319-67, Georgia I n s t i t u t e  f o r  
Research, Athens ,  Georgia. (Obtainable  th rough  D . O . D . )  



made a s  univocal  as p o s s i b l e .  

Since b o t h  on the  linguistic and on t h e  c ~ n c e p t u a l  level we a r e  

d e a l i n g  with eiement~ and their concaternation i n  structures, the 

interpretive grammar has  t o  s p e c i f y  the  connections (a)  between linguistic 

and conceptual elements and ( b )  between linguistic and concep tua l  struc- 

t u r e s .  With regard t o  the elements t h a t  are concatenated on t h e  linguistic 

l e v e l ,  t h e i r  semant ic  specification ca2 b e  g i v e n  i n  t h e  l e x i c o n  because,  

here, w e  are  d e a l i n g  with a f ixed s e t  of i t e m s ,  i . e ,  p r e c i s e l y ,  l e x i c a l  

items. With regard t o  s t r u c t u r e s  - phrases and sentences on t h e  

l i n g u i s t i c  l e v e l ,  and s i t u a t i o n a l  r epr6sen ta t ions  on the c o n c e p t u a l  l e v e l  - 

t h e y  have to be  s p e c i f i e d  by ru l e s  of composition on concatenation, i . e .  

11 by a grammar, because language is open" in t h a t  d i r e c t i o n  and a l l o w s  of 

a p r a c t i c a l l y  infinite numter o f  i n d i v i d u a l l y  different v o r d  concatena- 

t i o n s .  

Because Yerkish  is based on L n g l i s h  and t h e  o u t p u t  of s u b j e c t s  i n  

t h e  e x p e r i m e n t a l  environment will b e  eva lua t ed  by E n g l i s h  speakers, 

t h e  l e x i c a l  semantics of Yerk i sh  lexigrams c ~ u l d  be l e f t  i m p l i c i t  to a 

certain extent. Thus, f o r  instance, t h e  Yerk i sh  pa r se r  does n o t  have t o  

conta in  an exhaustive semantic a n a l y s i s  of  lexigrams such as BALL o r  

RAISIN, because i t  can b e  taken f o r  g r a n t e d  t h a t  the  r e a d e r  of  t h e  

parser 's o u t p u t  w i l l  b e  q u i t e  familiar w i t h  t h e  concep ts  designated by 

1 1  " b a l l "  o r  by r a i s i n "  qua experiential items. What t h e  pa r se r  m u s t  

con ta in ,  however, is a mapping of- t h o s e  specific c h a r a c t e r i s t i c s  of t h e  

concep t s  which determine these items' potential f o r  e n t e r i n g  i n t o  

s t r u c t u r a l  relations with other items. 

I n  Yerk ish ,  t hen ,  t h e  relational c h a r a c t e r i s t i c s  of conceptua l  i tems 



determine the c l a s s i f i c a t i o n  of l e x i g r a m s  . Thus, having dec ided ,  f o r  

i n s t ance ,  t h a t  there should b e  items t h a t  can be eaten and items t h a t  

can be drunk, t h e  lexigrams d e s i g n a t i n g  thss-e items w i l l  be d i v i d e d  into 

edibles (i.e. s u i t a b l e  p a t i e n t / o k j e c t s  f o r  t he  activity designated by 

EAT) and d r inkab le s  ( i . e .  s u i t a b l e  patientlobjects f o r  t h e  a c t i v i t y  

des igna ted  by D R I N K ) .  Together t hey  c o n s t i t u f e t h e  class of i n g e s t i b l e s  

which,  as i t  happens, i s  marked by the  red h u e  of  the corresponding  

lexigrams (see  Tables  2 and 3 ) .  

In s h o r t ,  Yerkfsh grammar does not require ,  nor lead to, a complete 

semantic a n a l y s i s  of l e x i c a l  items. What it does require is a l ex icon  

in which classes of  l ex ica l  items are exhaus t ive ly  character ized as t o  

t h e  s p e c i f i c  r e l a t i o n s  i n t o  which t h e i r  members can enter with members 

of o t h e r  classes. T h i s  exhaustive charac ter iza t ion  is  supplied, not 

by listing all the o the r  classes with whose members connections can be 

p o t e n t i a l l y  formed, b a t  by a string of i n d i c e s ,  each of which s p e c i f i e s  

a connective r e l a t i o n  and t h e  place in it ( c - f .  below) 5 member of t h e  

class t h u s  characterized can occupy,  

F i n a l l y ,  w e  come t o  t h e  relational concepts  o r  coxre la tors  which 

are instrumental in the b u i l d i n g  up of  complex s t r u c t u r e s ,  both on the 

conceptual and on the linguistic level. S t r i c t l y  speaking,  a corre la tor  

is a connective fgnction t h a t  l i n k s  conceptual i t e m s  on t h e  cognitive- 

r e p r e s e n t a t i o n a l  level. Languages i n d i c a t e  these connective f u n c t i o n s  

by a var ie ty  of means: prepositions; ve rbs ,  nouns ,  and o t h e r  types of 

words t h a t  i nco rpo ra t e  a preposition; c o n j u n c t i o n s  and o the r  p a r t i c l e s ;  

1 1  s y n t a c t i c  markers" and,  very f r e q u e n t l y ,  me re ly  word-orde r  . Since  

these linguistic elements i n d i c a t e  c o r r e l a t o r s ,  we s h o u l d  c a l l  them 



I I co r re l a to r  expressions". Rowever, once it has been made c l e a r  t h a t  

co r re l a to r s  f u n c t i o n  on t h e  conceptual level and connect concepts  with 

other concepts o r  combinations t h e r e o f ,  we can in most cases u s e  the 

term "correlator" f o r  bo th  t h e  relational concepts and the l i n g u i s t i c  

devices that  express them, ( 3 )  

I n  designing an a r t i f i c i a l  language,  t h e  c l a s s i f i c a t i o n  -of l e x i c a l  

items and t h e  d e f i n i t i o n  o r  explication of  relational concepts m u s t  go 

hand i n  hand s ince  t h e  f i r s t  i s  done i n  t e r m s  of t h e  second,  The rela-  

t i o n a l  concepts have t o  be explicitly listed and e x p l i c a t e d  by some 

form of  paraphrase.  I n  p r i n c i p l e ,  t h a t  is what a "case grammar" 

does. Its cases, b a s i c a l l y ,  are  relational concepts  (e.g. Tillmore, 

1968). H o ~ ~ e v e r ,  because correlational grammar attempts t o  cover as 

much relational semantics a s  p o s s i b l e ,  i t s  l i s t  of c o r r e l a t o r s  w i l l  b e  

I I bo th  much longer  and wore s p e c i f i c  than t h e  l i s t s  of cases'' l ~ h i c h ,  

to my knowledge, have been suggested. 

Yerkish; in its present  form operates w i t h  some t h i r t y  cor re la tors  

and t h e  Yerk i sh  l ex icon  is c lass i f ied  w i t h  reference t o  these (see T a b l e s  

3 and 5). 

Given a basic  l i s t  of cor re la tors  and t h e i r  l i n g u i s t i c  expression, 

t h e  classification of  l e x i c a l  items can be ca r r i ed  o u t  by listing 

f o r  each item the co r re l a to r s  by means of which it can be  p o t e n t i a l l y  

(3 )  One area where t h e  d i s t i n c t i o n  h a s  t o  be  maintained is t he  -semant ic  
a n a l y s i s  of natural languages, because co r r e l a to r  express ions  s u c h  as 
prepositions r a r e l y  have a one-to-one correspondence t o  relational 
concepts;  i n s t e a d ,  t h e y  merely mark t he  preqence of  one o f  a set  o f  
r e l a t i o n a l  concepts .  



l inked t o  o t h e r  items. To g i v e  an example, t h e r e  is a relat ional ,  

concept  (No. U ) paraphrased as ac t ive  ingestion of solids invo lv ing  

s o l i d  food s t u f f ' ;  on t h e  linguistic l e v e l ,  t h i s  cor re la tor  is expressed 

by t h e  juXtaposition o f  two  l e x i c a l  i t e m s  in a certain order .  I f  we  

now have a l e x i g r a  EAT, t h a t  d e s i g n a t e s  act ive ingestion of s o l i d s '  

and another l ex igram RAISIN, t h a t  designates a subcategory of ' s o l i d  food 

stuff '., we can form a compound o r  co r re l a t ion  with t he  two l ex igrms 

which can be  represented as the s t r u c t u r e :  

(a) EAT RAI S IN 
L , ~ ~ ~ - ~ , ~ ~ ~ ~ ~ - -  11 - -  ------------A 

Because t h e  o rder  of succession of the  t w o  items in t h e  l i n e a r  

linguistic expression is o b l i g a t o r y  and cannot b e  reversed, it is n o t  

enough f o r  the grammar merely to supply  the information t h a t  t h e  lexigrams 

EAT and RAISIN can be l inked  by cor re la tor  No. 11, b u t  the  grammar must 

aLss specify t h a t ,  in t h i s  co r re l a t ion ,  EAT has to be the left-hand 

piece (LH) and R A I S I N  the  right-hand + piece  (W).  

This information is p a r t  of t h e  permanent lexicoq of t he  sys tem.  

I f  It is recorded there by means of c o r r e l a t i o n  indices" (IC1s), which 

c o n s i s t  of t h e  number o f  t h e  potential c o r r e l a t o r  p l u s  the i n d i c a t i o n  

whether the items to which t h i s  I, is assigned can function as LH-piece 

o r  as w-piece.  In many cases there are, of  course, s e v e r a l  l ex ica l  

items t h a t  can func t ion  i n  t h e  same place (e.g. NUT, MGM candy, R A I S I N ,  

e t c . ,  as RH-piece of correlator No. 11). Therefore  , 1,'s are assigned 

t o  lexigram c lasses ,  not  t o  s i n g l e  lexical items. Thus, while t h e  

lexigram EAT, in t h e  p r e s e n t  Yerkish l e x i c o n ,  i s  t h e  o n l y  member of the 

c lass  VE ( ' a c t i v e  i nges t i on  of s o l i d s ' ) ,  t h e  lexigrarr RAISIN i s  one of 



several in t h e  class EU ( ' s o l i d  food stuff1). On t h e  one hand ,  t h i s  

indexing of classes, ra ther  than i n d i v i d u a l s ,  is obv ious ly  more economical 

with regard  t~ storage space, on t h e  otKer, it makes it p o s s i b l e  to 

add new lexigrams t o  t h e  e x i s t i n g  classes w i t h o u t  i n  any way d i s t u r b i n g  

t h e  operative p a r t  of the  l ex icon  o r  the  pa r s ing  a lgo r i thms .  

To expand t h e  above example, l e t  us add another correlation. The 

1 relational concept t h a t  can b e  paraphrased as autonomous animate actorf 

perf o r d n g  'stationary a c t i v i t y '  is cor re l a to r  No. 01, The paraphrase  

! autonomous animate  actor '  comprises th ree  l ex ig ram classes i n  t h e  

present  lexicon, nsmely kP ( ' familiar p r imates ' ,  i . e . ,  t h e  r e g u l a r  tech- 

n i c i a n s  T I N ,  SHELLEY, BEVERLY, and t h e  experimental animal LANA) ; AV 

( ' v i s i t i n g  pr imates ' ,  i . e . ,  unnamed human o r  non-human v i s i t o r s ) ;  and 

A 0  ('non-primates', i . e . ,  a t  present ROACH o n l y ) .  The paraphrase 

1 s t a t i o n a r y  activity1, i . e ,  ac t i .v i t ies  that do n o t  i n v o l v e  a change of 

place on the  p a r t  of the ac to r ,  nor a change of  hands on the  par t  of a 

patient, comprises three l ex ig ram c las ses ,  nanely VE (with t h e  s i n g l e  

member EAT),  VD ( w i t h  the s i n g l e  member DRINK), and LrA ( w i t h  several  

members such as: GROOII, TICKLE ,. HOLD, etc. ) . 
Given the  lexigran sequence LANA EAT, the i n t e r p r e t i v e  grammar f i n d s  

t h a t  LANA, be long ing  t o  class  AF, bears the. I,: 01, LH,  w h i l e  EAT, 

belonging to class VE, bears t h e  I,: 01, R H ;  and on t h e  strength of t h i s  

t h e  grammar w i l l  allow t h e  correlation: 

LANA CAT 
"---------01---------4 

I I For t h e  parser, a l l o w i n g  a c o r r e l a t i o n "  means t o  record it as a 

p o s s i b l e  part-interpretation of t h e  i n p u t  s t r i qg . .  As s u c h  it is recorded 



as a "product" in order  to b e  t es ted  f o r  its p o t e n t i a l  c o r r e l a b i l i t y  w i t h  

o ther  parts  of the  i n p u t .  

The information, on the basis of which such f i r s t - l eve l  co r re l a t ions  

(connecting s i n g l e  lexigrams as in - a and b) are formed, is contained in 
7 

the permanent l e x i c ~ n  and t h e  form in which it is s tored  can b e  

v i s u a l i s e d  as a kind of  matrix (see F i g .  2 and Table 5) .  

The correlational data required  to form examples ( a )  and (bj i s  
represented by markers ( x )  i n d i c a t i n g  the  1,'s (at head of column) 
assigned to the lexigxam classes ( a t  beginning of row), I n  the present 
implementation of the Yerkish grammar h = 34, m = 3 5 .  

Though t h i s  information c o n t a i n e d  in the lexicon covers all 

cor re la t ions  involving  two s i n g l e  lexigrams, i t  does not prov ide  'or 

cogrelations linking phrases o r  phrases and lexigrams. The syscem a 

correlational grammar uses  t o  cfiscouer higher-level structures in a given 

i n p u t  string is again ra ther  d i f f e r e n t  from t h a t  of  traditional glammar. 



It order t o  b e  a b l e  t o  handle  phrases, i . e . ,  a l r e a d y  c o r r e l a t e d  l e x i g r a m s ,  

1 t or p r o d u c t s f ' ,  i n  e x a c t l y  t h e  same vay as  s i n g l e  l e x i c a l  i t e m s ,  each 

1 product  must be assigned a s t r i n g  of I c s t h a t  r e p r e s e n t s  i t s  p a r t i c u l a r  

p o t e n t i a l  f o r  f u n c t i o n i n g  as component (LH-piece o r  CH-piece) of  a new 

and l a r g e r  c o r r e l a t i o n  t h a t  l i n k s  i t  w i t h  o the r  l e x i c a l  items o r  phrases .  

The p rocedure  t h a t  a s s i g n s  t h e s e  I C ' S  t o  a g i v e n  p r o d u c t  is  w h a t  

might be c a l l e d  t h e  dynamic p a r t  of t he  grammar, because i t  i s  poverned 

by .an se t  of o p e r a t i o n a l  r u l - e s  tha . t  cannot  b e  s t a t e d  i n -  a siaple f o r m a l i z e d  

way. ( 4 )  The reason  f o r  this i s  t h a t  the. c o r r e l r u l i i l i t y  of a g i v e n  phrase  

o f t e n  depends on more than  one c o n s t i t u e n t  of t h e  phrase.  

An example may h e l p  t o  make t h i s  c l e a r .  Wit11 rega rd  to. r o r r e l a t o r  

1'0, 30 t h a t  l i n k s  t h e  two  s i n g l e  lexigrarris i n v o l v e d ,  t h e  p h r a s e s  

and TIIIS CALI, 
L------30------1 

are i d e n t i c a l .  Ps p o t e n t i a l  YH-pieces of a co r r e l a t i on ,  forlllad by 

c o r r e l a t o r  K O ,  11, however, t h e y  a r e  n o t  e q u i v a l e n t .  

EAT TEIS  PAISIF 
1 &------ ------.J 30 

would b e  acceptable and c o r r e c t ,  whereas 

EAT TNI S BA'I t 
I L ------A 
i 30 
L----,, I1 

would n o t  Ee a c c e p t a b l e  because  BALL does  n o t  b e l o n g  t o  t h e  lexipr,am c lass  

El' clef ined  as ! .sol id  food s t u f f . '  and,  t h e r e f o r e .  i s  n o t  a p o t e n t i a l  RH-piecc 

( 4 )  The o p e r a t i o n a l  ru les  a r e ,  of c o u r s e ,  a lways c o n F i n a t i o n s  of i n d i v -  
d u a l l y  s i m p l e  rules  t a k e n  from a r e l a t i v e l y  s m a l l  s e t .  T h i s  i s ,  indeed  
t h e  way i n  which t h e  pa r s ing  program compi1 .e~  them; al though.  t h i s  - can 
be  c a l l e d  ' f ,o rmal isa t j -on"  it. c e r t a i n l y  i s  no t  a simple one. 



of c o r r e l a t i c l n  No.. 11. I n  f a c t ,  i f  t h e  s t r i n g  EAT THIS BALL o c c u r s  a s  

i n p u t  t o  t h e  i n t e r p r e t i v e  grammar, i t  must he r e j e c t e d  as i n c o r r e c t .  

To implement t h i s  d l ~ c r i m i n a t  ion ,  t h e  phrase  TIIIS MISIP! m u s t  be 

a s s i g n e d  t h e  I,: 11, EH, w h i l e  the p h r a s e  THIS DAI.IA must n o t .  And i n  

o r d e r  t o  d o  t h i s ,  t h e  a s s i g n a t i o n  must be  based n o t  o n l y  on t h e  

p a r t i c u l a r  c o r r e l a t o r  t h a t  l i n k s  T H I S  w i t h  a n o t h e r  item, b u t  a l s o  o n  t h e  

c o n d i t i o n  t h a t  t ' h i s  o t h e r  i tem i s  one t h a t  b e l o n g s  t u  t h e  lexigram class 

s o l i d  food stuff'. I n  o t h e r  v o r d s ,  t h e r e  has  t o  b e  an o p e r a t i o n a l  

a s s i g n a t i o n  r u l e  t h a t  makes s u r e  t h a t  a f i r s t - l e v e l  c o r r e l a t i o n  produced 

by correlator K O .  30 is a s s i g n e d  tbe I c : l l ,  P i T ,  so t h a t  i t  can I-e l i n k e d  

i n  a second- leve l  c o r r e l a t i o n  w i t h  t h e  p r e c e d i r p  l ex ig ram FAT, v ~ h i c h  

bears t h e  I 11,  1.1;; b u t  t h i s  a ' s s i g n a t i o n  must. be made c o n t i n g e n t  upon t h e  
c 

c o n d i t i o n  t h a t  t h e  p r o d u c t  30 (P.: 30) d o e s ,  i n  f a c . t ,  c o n t a i c  a l e x i c a l '  itern 

of c l a s s  El' as RH-piece; because  o n l y  i f  P:30 c o n t a i n s  a member of t l ~ r :  

t class s o l i d  food s t u f f '  can i t  f u n c t i o n  as  p a t i e n t  of the a c t i v i t y  

d e s i g n a t e d  b y  t h e  LH l ex ig ram FAT. 

The o p e r a t i o n a l  a s s i g n a t i o n  r u l e s ,  t h e r e f o r e ,  a r e  of d i v e r s e  L y p e s ,  

I ? s o r e  a s s i g n i n g  I, s u n c o n d i t i o n a l l y ,  o t h e r s  a s s i g n i n g  I, s o n l y  on cond i -  

t i o n  t h a t  t h e  same Ic i s  p r e s e n t ,  a s  t h e  case r a y  Fe, arrong t h o s e  c h a r a e -  

t e r i s i n g  t h e  1A1' o r  t he  911 of the produet  t h g t  is tieipg c l a s s i f i e d .  (.See 

T a b l e  6 ) .  

1 In the implementa t ion  of t h e  p a r s e r . ,  tile a s s i g n a t i o n  of I, s t o  

p r o d u c t s  i s  p r i m a r i l y  d e t e ' m i n e d  by  t h e  particular c o r r e l a t o r  t h a t  is  

invo lved  i n  t h e  p r o d u c t  t o  be c l a s s i f i e d ,  Tk.e a s s i g n a t i o n  ra les  a p a r t i c u -  

l a r  c o r r e l a t o r  c a l l s  i n t o  a c t i o n ,  tliouph f u n c t i o n a l l y  of t h r ee  t y p e s  



o n l y ,  a r e  s p e c i f i c .  t o  t h a t  c o r r e l a t o r  and cannot  b e  w r i t t e n  i n  a g e n e r a l i s e d  

form; This  indeed ,  is t h e  fundamental reason  why a c o r r e l a t i o n a l  grammar 

cannot  be r ep re sen ted  by means of a small number- of r e l a t - i ve ly  "powerful" 

r u l e s .  I n  a c o r r e l a t i o n a l  grammar t h e r e  must be  as many sets of s p e c i f i c  

a s s i g n a t i o n  rules as t h e r e  are c o r r e l a t o r s  ; and s i n c e  the .  number of 

c o r r e l a t o r s  i n  such an i n t e r p r e t i v e  gram.ar  i s  ve ry  much l a q g e r  than  t h e  

number of " s y n t a c t i c  func t ions"  i n  convent iona l  d e s c r i p t i v e  grammars, 

c o r r e l a t i o n a l  grammars connot be wrj t t e n  i n  conc i se  and powerful  formulas .  

As a  j u s t i f i c a t i o n  f o r  t h i s  l a c k  of Ebrmal e legance ,  however, i t  can be  

s a i d  t h a t  c o r r e l a t i o n a l  grammar h a s  no need of t h e  o the rwi se  i n d i s p e n s a b l e  

and somewhat unwieldy ad junc t  of  " s e l e c t i o n  r u l e s " ,  because i t  i n c o r p o r a t e s  

t h a t  ve ry  in format ion  i n  its one b a s i c  i n t e r p r e t i v e  a l g o r i t h m ,  

Pecul iar i l ies  -- of t h e  Yerk i sk  G r . m a r  

The grammar of  Yerkish had t o  b e  k e p t  a s  s imple  a s  p o s s i b l e  f o r  t h e  

reasons mentioned above, F i r s t ,  given the small s i z e  of the  computer, 

i t  was mandatory t o  avoid  complex c o n s t r u c t i a n s  and r u l e s  of grammar t h a t  

might r e q u i r e  s p e c i a l  space-  and time-consuming s u b r o u t i n e s  i n  t h e  

pa r s ing  pfocedure.  Second, t h e  r u l e s  of t h e  language t o  which the  l i n g p i -  

s t i c  behavior  of our s u b j e c t  would have ta confo;rm, were t o  be few and 

c o n s i s t e n t  from t h e  l e a r n e r ' s  p o i n t  of v iew;  n e v e r t h e l e s s  they  were co b e  

such that Yerkish s t r u c t u r e s  could be  t r a n s l a t e d  e a s i l y  and wi thou t  major 

s t r u c t u r a l  t r ans fo rma t ions  i n t o  comprehensible Engl ish .  A s  a r e s u l t  of 

t h e s e  o b j e c t i v e s ,  Yerkish grammar may seem somewhat unusual .  I n  t h e  f o l -  

lowing paragraphs s e v e r a l  d e v i a t i o n s  from Engl i sh  grammar w i l l  b e  d i s -  

cvssed.  

Yerkish,  a t  p r e s e n t ,  ba s  only  one  v o i c e .  the a c t i v e ,  and t h r e e  moods, 



i. e. i n d i c a t i v e ,  i n t e r r o g a t i v e ,  ,and imperat ive.  Both :he i n t e r r o g a t i v e  

and t h e  imperat ive a r e  formed) not ,by s p e c i f i c  v,erb-forms o r  word-order 

(as i n  ~l i lny n a t u r a l  languages) ,  b u t  by s e n t e n t i a l  p r e f i x e s  o r  markers,  i.e. 

s p e c i f i c  lexigrams t h a t  a r e  placed a t  t h e  beginning of t h e  message. The 

p r e f i x  of t h e  i n t e r r o g a t i v e  is t h e  convent ional  ques t ion  mark ' I ? " ' ,  t h a t  

11 f o r  imperat ives  ( i n  Yerkish reques ts" )  i s  an  arrow, t r a n s l a t e d  i n t o  

Engl ish as PLEASE. The keys  r ep resen t ing  these  two lexigrams nus t  be 

pressed a t  t h e  beginning of a  s t r i n g  and they can appear  only i n  t h e  f i r s t  

feedback p ro jec to r  on t h e  l e f t .  The lexigram s t r i n g  fol lowing them has 

t he  same form a s  an . indicat ive s ta tement .  I n  f a c t ,  i f  t h e  s t r i n g  is t o  he 

i n t e r p r e t e d  as  an i n d i c a t i v e - s t a t e m e n t ,  i . e . .  i f  i t  i s  - not  preceded by 

! I  711 e i t h e r  . or  PLEASE, t he  f i rs t  feedl;acl;projector on t h e  l e f t  remains 

blank. Thus: 

TIM MOVE I N T O  R p O M  = i n d i c a t i v e  s ta tement ;  

? TIIIE YOVE I N T O  ROOF? = i n t e r r o g a t i v e ;  

PLEASE TIE1 MQVE INTO ROOM = r eques t .  

A t h i r d  lexigram t h a t  fu.nc-tions a s  a  s e n t e n t i a l  marker i s  N O ,  which 

corresponds t o  an o v e r - a l l  negat ion of t h e  s ta tement .  NO T I M  MOVE INTO 

ROOM, t h e r e f o r e ,  corresponds L-o t h e  English "it  i s  not  t h e  case  t h a t  

Tim moves into t he  room". However, s i n c e  Lana has q u i t e  spontaneously 

come t o  u s e  t h e  lexigram NO t o  des igna te  what,  g iven t h e  s i t u a t i o n a l  

con tex t ,  could be i n t e r p r e t e d  onLy a s  "don' t" ,  we may adapt  t h e  grammar 

t o  h e r  usage and t u r n  t h i s  NO i n t o  a  marker f o r  nega t ive  imperat ives  ( see  

Appendix) . 
Yerkish, a s  y e t ,  has  no t e n s e s  but  t h e  p resen t .  A s imple p a s t  and 

f u t u r e ,  however, are fo reseen ,  and they  w i l l  be  designated by p a r t i c l e s  



preceding t h e  a c t i v i t y  lexigram. 

There a r e  no a u x i l i a r i e s  i n  Yerkish  and t h e  f u n c t i o n  of t h e  Eng l i sh  

copula  " t o  be" i s  taken  o v e r  by c o r r , e l a t o r  No. 1 0 ,  which i s  expressed  by 

j u x t a p o s i t i o n  of a lex igram belonging t o  one  of t h e  c l a s s e s  of items t h a t  

1 t are modi f iab le"  and a lex igram d e s i g n a t i n g  a s p e c i f i c  s t a t e .  

e.g. BALL RED. - - " t h e  b a l l  i s  r e d 1 ' ;  

T IEI AWAY , - - 1 I' Tim i s  away"; 

The absence of an e x p l i c i t  copula  i s  n o t i c e a b l e  a l s o  i n  c o n j u n c t i o n  

w i t h  t h e  "naming f u n c t i o n f 1 ,  an impor tan t  i n s t rumen t  i n  ~ a n a ' s  a c q u i s i t i o n  

of new l e x i c a l  items. I t  i s  used f o r  t h e  o s t e n s i v e  d e f i n i t i o n  of new 

lexigrams which a r e p l a c e d  a t  t h e  beg inn ing  of a  s t r i n g  of t h e  form: 

XX NME-OF T H I S i  - - 11 XX is t h e  name of th is1 ' .  

(where LY is  the new I c x ~ g r a m )  

Two Eng l i sh  c o Q s t r u c t i o n s  t h a t  have a s p e c i f i c a t o r y  r e s t r i c t i v e  

function. ,  i. e. f o r  i n s t a n c e ,  " t h e  red  b a l l ' !  and "the b a l l  is red" 

are one and t h e  same i n  Yerk i sh ,  and t h e  s p e c i f i c a t g r y  r e l a t i o n  i s  

des igna ted  by a lex igram which can b e  t r a n s l a t e d  i n t o  Eng l i sh  as t h e  

comp~und 'WHICH-IS ( c o r r e l a t o r  )lo. 31) . 
e .  BALL ITHICH-IS RED. "the red b a l l "  or  " t h e  b a l  

which -is red1' .  

For t h e  s a k e  of g r e a t e r  u n i v o c a l i t y ,  Yer,kish s p a t i a l  p r e p o s i t i o n s  

were s t r i c t l y  d iv ided  i n t o  l o c a t i g n a l  and d i r e c t i o n a l  ones .  The f i r s t  -- 

e . g .  I N ,  ON,OUTSIDE, e t c .  -- could d e s i g n a t e  ~ n l y  t h e  l o c a t i g n  of i tems o r  

a c t i v i t i e s ,  t h e  second -- e .g .  I N T O ,  OUT-OF, FROM, e t c .  -- cou ld  d e s i g n a t e  

on ly  t h e  d i r e c t i o n  of a c t i v i t i e s  i n v o l v i n g  a change of p l a c e .  Ho~lever ,  

s i n c e  Lana has spontaneous ly  used a loca t iona l  prepositYon t o  indicate 



t h e  t a r g e t  of a d i r e c t i o n a l  a c t i v i t y ,  and s ince  t h i s  is al lowable i n  

many i f  not all n a t u r a l  lartguages, w e  a r e  considering t h e  removal of t h i s  

r e s t r i c t i o n  with regard t o  s p a t i a l  p repos i t ions .  

So f a r ,  t he re  are no conjunctions i n  Yerkish, but  a somewhat r e s t r i c -  

ted form of "and" and "or" has been worked ou t  and will s h o r t l y  be i n t r o -  

duced i n t o  t he  system, 

There are a l s o  some minor p e c u l a r i t i e s  t h a t  an English-speaker must 

keep i n  mind.. A Yerkish s t r u c t u r e  involving cor re lacor  No. IT, f o r  

ins tance ,  implies  t h a t  the  speaker i s  the  rece iver  of the  item t h a t  

changes hands, un less  another  t e c e i v e r  i s  e x p l i c i t l y  ind ica ted  by a pre- 

positional complement. Thus, if Lana sends the  message : 

PLEASE TIME G I V E  IIILK. 

i t  must be  understood that the  milk is  t o  b e  given t o  Lana. The r ece ive r ,  

however, can be made e x p l i c i t  by adding a p repos i t i ona l  phrase, which 

y i e l d s  the  c o r r e l a t i o n a l  s t r u c t u r e :  

PLEASE TIM GIVE MILK TO LANAP 
-17--1 2 2 4  

-21- Lh0L5 I 
I t  English r e s u l t a t i v e  verbs, e.g. t o  open", " t o  clean",  e t e . ,  are, 

broken up i n  Yerkish. The causat ive  element i s  rendered by EIAKE, t h e  

ef fec t  by a lexigram des ignat ing the  r e s u l t i n g  s t a t e .  Also, i n  Yerkish 

t h e  agenr must b e  specified. Thus,  l lease ( T i m j  open the window1' 

becomes : 



PLEASE TIM MAKE WINDOW OPEN. 

Trans la ted  l i t e r a l l y  i n t o  Eng l i sh ,  t h i s  should be  lease, T i m ,  make 

window - be open", s i n c e  the c o r r e l a t o r  t h a t  l i n k s  WlNDOW and OPEN is  No. 10, 

i .e .  t h e  g r e d i c a t i v e  copula  equ iva len t  t o  " t o  betf.  But i n  t h i s  c a s e ,  as.  

indeed i n  most occurrences  of c o r r e l a t o r  No. 1 0 ,  t h e  Yerkish s t r i n g  is  

easily understood wi thout  t h e  e x p l i c i t  copula .  

The Yerkish M A ~ E  i s  not  l imit-ed t o  c a u s a t i o n  of a  change of s t a t e  of 

s p e c i f i c  items, b u t  can b e  used a l s o  t o  i n d i c a t e  a number of  pe rcep tua l  

cond i t ions  or  events  i n  t h e  environment. S p e c i f i c  sensory events  o r  

changes, such a NOVIE,  NUSIC, SLIDE, HEAT, COLD, LIGHT, and DARKNESS, are  

considered the- r e s u l t *  of  a c t i v i t i e s  subsumed by .RAKE. I n  Lana1 s wholly 

technoPogica1 environment. t h i s  is no t  a t  a l l  unreasonable.  It obviously 

makes sense f o r  her  t o  r e q u e s t :  

PLEASE PLACYINE MAKE MOVIE. 
L 1 3  --L 

L . 1 6  2 
L 4 0  - 

It i s ,  indeed,  t h e  machine t h a t  causes  t he  p r o j e c t o r  to s t a r t  running. 

S2milarly,  however, i n  Yerkish one cauld c o r r e c t l y  say:  

PLEASE TIM MAKE LESS HEAT. 

I t  Though i n  Lana's e x p e ~ i e n c e  Tim can indeed cause less h e a t '  by t u r n i n g  

down t h e  thermosta t ,  t h i s  would hard ly  h e  a reasonable  r e q u e s t  i n  t h e  



"real I t  world o u t s i d e  the  Yerkes Lab. 

MAKE also opens t h e  way t o  embedded c o n s t r u c t i o n s .  s ince i t  can 

govern a c l ause .  Though ,Lana has not  y e t  come t o  t h i s ,  t he  grammar fo resees  

strings such as : 

? TIM NAKE LANA SEE V I S I T O R  

o r  even a double embedding: 

? TIM S E E  LANA MAKE ROACH MOVE. 

and s i m i l a r  s t r u c t u r e s  a r e ,  of cour se ,  p o s s i b l e  with WANT. 

L e s t  t h e s e  c o r r e l a t i o n a l  diagrams c r e a t e  t h e  impress ion t h a t  Yerkish  

s t r u c t u r e s  are i n v a r i a b l y  r igh t -branch ing ,  here are  two  examples t h a t  

c o n t a i n  lef  t -branchings  : 

? NO PIECE OF APPLE HERE. 

which, in  Engl i sh ,  would read': "IS t h e r e  no piece of a p p l e  here?" And 

STICK WHICH-1s BLUE D I R T Y  
-10 - 

which i n  E n g l i s h ,  would be :  "?he s t i c k  which i s  b l u e  i s  d i r t y " ,  and ,  as 

such, roughly  e q u i v a l e n t  t o  "The b l u e  s t i c k  is d i r t y .  11 

Irr one p a r t i c u l a r  t h e  grammar of Yerkish d e v i a t e s  from correlational 



p r a c t i c e .  P repos i t ions  and conjunct  ions  being " e x p l i c i t H  ' c o r r e l a t o r  

expressions i n  t h a t  they d e s i g n a t e  re la t ional  c.oncepts on ly ,  are ( i n  the '  

c o r r e l a t i o n a l  approach) n ~ t  items-to be l inked ,  b u t  itenla t h a t  do t h e  

l ink ing .  Thus, i n  t h e  o r i g i n a l  F f u l t i s  t o r e  parser they funct ioned as 

c o r ~ e l a t o r s  and no t  a s  o rd ina ry  l ex ica l  items. I n  t h e  s t r u c t u r e  diagrams, 

t h e r e f o r e ,  they appeared i n  a node, no t  a t  a te rminal .  Given the  very 

smLl computer used f o r  t he  Yerkish p a r s e r ;  a s  well a s  t h e  f a c t  t h a t  t h e  

l ex icon  was t'o remain extremely l i m i t e d  (in comparison t o  English) ,  it was 

more economical t o  c o r r e l a t e  p r e p o s i t i o n a l  phrases  i n  two s t e p s  rather than 

in t roduce  the s p e c i a l  r o u t i n e  t h a t  had been developed f o r  p repos i t ions  and 

o t h e r  " e x p l i c i t "  c o r r e l a t o r  expressions i n  t h e  English pagser .  Thus a 

s t r ing.  such as "move i n t o  room" is n o t  constructed as it would be i n  a 

p roper  c o r r e l a t i o n a l  systan, i . e . :  

bu t  rather i n  twa steps: 

NOVE INTO ROOM 

1 L-4 

where P:21 conta in ing  P:22 expresses t he  conceptual  r e l a t i o n  des igna ted  by 

I N T O .  

In  a l l  o ther  respects the  Yerkish system is similar t o  t h e  Multistofe 

parser whose c h a r a c t e r i s t i c  data-compression was, in f a c t ,  t he  feature  

t h a t  made .it p o s s i b l e  t o  c o n t a i n  t.he e n t i r e  system - l ex icon ,  o p e r a t i o n a l  

i n t e r p r e t i v e  grammar, and automatic response programs - i n  less than 5000 

machine words of central core .  



Conclusion 

Though Yerkish i s ,  indeed,  an extremely l i m i t e d  l i n g u i s t i c  s y s  tem, 

t h e  examples of sen tence  s t r u c t u r e  I have used above should -be s u f f i ' c i e n t  

t o  show t h a t  i t  has a cons ide rab le  range and f l e x i b i l i t y  wi th  r e g a r d  t o  

what can be formulated i n  i t .  The r e p o r t s  on ~ a n a ' s  p rogress  t h a t  w e  

have publ ished s o  f a r  (Rumbaugh e t  -* a1 9 1973b, 1 9 7 4 ;  von G l a s e r s f e l d ,  

1974b-; s e e  a l s o  Appendix t o  t h i s  paper)  leave l i t t l e  doubt t h a t  Lana has 

a l r e a d y  acquired a  number of s k i l l s  t h a t  c e r t a i n l y  belong t o  what i s  

u s u a l l y  c a l l e d  l i n g u i s t i c  competence. The grammar of Yerkish a s  i t  i s  

a t  p r e s e n t  al lows many s t r u c t u r e s  which a r e  s t i l l  f a r  out  of Lana's  

reach .  She has a long  way t o  go b e f o r e  one might v e n t u r e  t o  say t h a t  

s h e  f u l l y  e x p l o i t s  t h e  express ive  p o s s i b i l i t i e s  of Yerkish.  That i s  

p r e c i s e l y  how it was intended a t  t h e  o u t s e t  of t h e  p r o j e c t .  

I n  any case, the  range of express ion  could eas iLy be  extended a t  

s h o r t  n o t i c e  and wi thout  i n t e r f e r i n g  wi th  t h e  e x i s t i n g  o p e r a t i o n a l  system. 

Nor would such a d d i t i o n s  require an i n o r d i n a t e  expansion o f  t h e  

Lexicon. The i n t r o d u c t i o n  of t h e  one lexigrarrl WANT, f o r  i n s t a n c e ,  has 

opened t h e  way t o  a completely new l e v e l  of express ion  t h a t  may even- 

t u a l l y  lead t o  a demonstrat ion of t h e  chimpanzee's c a p a b i l i t y  f o r  concep- 

t u a l  r e p r e s e n t a t i o n .  The a d d i t i o n  of a  Yerkish " i f .  . . then'' would be 

no nore  d i f f i c u l t  and could pe,rhaps f u r t h e r  c l a r i f y  t h e  c o g n i t i v e  poten- 

t i a l  of non-human p r i n a t e s .  (5) Such a d d i t i o n s  could a l s o  make Yerkish a  

(5) Premack (1971) r epor ted  t h a t  h i s  chimpanzee Sara  could c o r r e c t l y  
i n t e r p r e t  an " i f .  . . then" connect ion between a c t u a l  a c t i v i t i e s  
o r  s t a t e s ;  t h e  g r e a t e r  range and f l e x i b i l i t y  of Yerkish would make 
p o s s i b l e  t h e  i n t r o d u c t i o n  of much more sophks t i ca ted  h y p o t h e t i c a l  
s ta tements .  



va luab le  c o ~ u n i c a t i o n  v e h i c l e  f o r  sone of those  many u n f o r t u n a t e  

ch i ld ren  wh6, though they are mental ly no t  a t  a l l  d e f i c i e n t ,  remain 

averba l  because of some phys io log ica l  damage. It is  towards  t h i s  end 

t h a t  w e  are now explor ing t h e  p o s s i b i l i t y  of a d a p t i n g  the  Yerkish syst,em, 

its grammar, and the parser,  t o  a form of s i m p l e  E n g l i s h .  



References  

Brown, Rog.er (1971$, i n  Ploog and Melnechuk, 1971. 

Ceccato,  S i l v i o ,  -- e t  a l .  (1970) , L i r i g u i s t i c  Ana lys i s  and Progr.amming f o r  
Mechanical T r a n s l a t i o n ,  N l a n ,  I t a l y :  F e l t r i n e l l i .  

Ceccato,  S i l v i b ,  e t  a l .  (1963),  Mechanical Trans la tLon:  The C o r r e l a t i o n a l  .- - 
S o l u t i o n  (Technica l  ~ e ~ o r t ) ,  Mi lan ,  f t a l y  : Cente r  f o r  Cybef n e t i c s  , 
~ n i v k ' r s i t y  of Mi lan ,  

Chomsky, Noam (1965), Aspects  of t h e  Theory of Syntax,  Cambridge, Massa- 
c h u s e t t s :  M.I.T. P r e s s .  

Crawford, James (1973), p e r s o n a l  c o m u n i c a t i o n .  

F i l l m o r e ,  C .  J .  (1968),  The case  f o r  c a s e ,  i n  (E. Bach and R. Harms, Eds .) 
U n i v e r s a l s  i n  L i n g u i s t i c  Theory, New York: H o l t ,  R i n e h a r t ,  & Winston. 

Gardner ,  R. A .  and B. T .  (196?),  Teaching s i g n  language  t o  a chimpanzee, 
Sc ience ,  165, 664-672. 

Gardner ,  B! T-. and R. A .  (19.71), Two-way communication w i t h  an  i n f a n t  
chimpanzee, i n  (A.M. Scihrier and F. S t o l l n i t z ,  ~ d s . )  ~ e h a v i o r  of  
Ndnhuman P r i m a t e s ,  Vol. 4 ,  New York: Academic P r e s s .  

Hayes, Ke i th  J. and Nissen ,  C. H.  (1956),, in (A.M. S c h r i e r  and F. S t o l l n i - t z ,  
Eds.) Behavior of -Nonhuman P r i m a t e s ,  New York: Academic Preps, 1971. 

Hocke t t ,  Char les  F. (1961),  L i n - u i s t i q  e l e v e n t s  and t h e i r  r e l a t i o n s ,  
Language 3 7 ,  1, 29-53. 

Ktlhler, ~ o l f ~ a e l 9 2 5 ) ,  The M e n t a l i t y  of Apes ,  N e w  York: Harcour t  , Brace. 

Lenneberg , E r i c  c1971) , i n  Ploog and Melnechuk, 1971. 

Lieberman, P. (1968),  P r ima te  v o c a l i z a t b o n .  and human l i n g u i s t i c  a b i l i t y ,  
Journal  of t h e  Acoustic. S o c i e t y  of Amer ica , ' 4 ,  1574-1584. 

Lorenz, Konrad (1974),  Analogy, as a source  of knowledge, Science 185 ,  
229-234. 

Lycns, John (1'972.), Human language ,  i n  (R.A. Hinde, Ed. ) Non-Verbal 
Comunica t ion ,  Cambridge, England : Cambridge Universi ty Press.  

P loog,  De t l ev ,  and Melnechuk, Theodore (1971),  Are apes capab le  of language?, .  
Neurosciences Research B u l l e t i n ,  9,, 5. 

Premack, David (1971),  On t h e  assessment  of language  competence i n ,  t h e  
chimpanzee, in (A.M. Schrier and F. ~ t o l l n i t z ,  Eas.) Behavior of 
Nonhuman Pr ima tes ,  Vol .  4 ,  New York: Academfc Press .  

Administrator
Note
Not Clear in the Film



Bumbaugh, Duane PI. (WO), Learning s k i l l s  of  an th ropo ids ,  ( i n  L. A. 
Rosenblum, Ed.) Fr imate  Behavior ,  Vol. 1, New York: Academic P r e s s .  

Bumbaugh, G; I., von Glasersfeld, E . ,  Warner, h . ,  P i s a n i ,  P . ,  G i l l ,  T . ,  
Brown, J . ,  and Bell,  ,C. (1973a), A,computer-control led  l a ~ g u a g e  
t r a i n i n g ' s y s t e m  ' for  i n v e s t i g a t i n g  t h e  language s k i l l s  of young apes ,  
Behaviora l  Research Ilethods and I n s t r u m e n t a t i o n  5 ,  5 ,  385-392. 

Bumbaugh, C .  t!., G i l l ,  T. V . ,  and von Glasarsfe-1d;-T., ( l973b)  , Reading 
and Sentence complet ion by a chimpanzee, Science 182, 731-733. 

Rumbaugh, D. M . ,  von Glasersfeld, E . ,  Warner, R . ,  P i s a n i ,  P . ,  and G i l l , . T .  
(1974),  Lana (thTmpanzee) l e a r n i n g  language:  A progress r e p o r t ,  
Brain, and Language, 1, 205-212. 

Schank, Eager (1972), Conceptual  dependency: A t heo ry  of n a t u r a l  language 
unders tand ing ,  Cogni t ive  Psychology, 3, 4 ,  552-631. 

Schank, Roger, (1973) , C a u s a l i t y  and Reasoning,  T e c h n i c a l  report i i ~ .  1, 
Castagnola ,  Swi t ze r l and :  Fondazione n a l l e  1.iolle. 

vdn Glasersfeld, E m s t  '(1964) , A p ro j ec t  f o r  automatic s e n t e n c e  analysis ,  
Beitrsge. z u r  sprachkun4P und Inforrnationsverarbeitung , 4 ,  38-46. 

von G l a s e r s f e l d ,  E r n s t  ( 1 9 6 4 ) ;  E f u l t i s t o r e  - a procedure  f o r  c o r r e l a t i o n a l  
T 

a n a l y s i s ,  Automazione,e Automatismi, 9 ,  2. 

von Glasersfeld, Erns t  (1370), The cor re la t iona l  Lapp~oach t o  language, 
Pens i e ro  e Linguaggio,  1, 4 ,  391-398. 

von G l a s e r s f e l d ,  ' . ~ r n s t  (19 74a) , S i g n s ,  communication, and. l anguage ,  
Journa'l  of IIurnan Evo lu t ion ,  3, 465-474. 

von G l a s e r s f e l d ,  E r n s t  (1974b) ,  Lana ' s  p r o g r e s s ,  paper  p re sen ted  a t  t h e  
1 2 t h  l l ee t i ng  of t h e  A s s o c i a t i o n  f o r  Computat ional  L i n g u i s t i c s ,  Amherst 
l!assachusetts, J u l y ,  1 9 7 4 .  

von G l a s e r s f e l d ,  E r n s t ,  and P i s a n i ,  P i e r  Pao lo  ( l 9 7 0 ) ,  T h e ' ? i u l t i s t o r e  
p a r s e r  f o r  h i e r a r c h i c a l  syntactic s t r u c t u r e s ,  Cormnu~icat ions of the 
Assoc i a t i on  f o r  ~ o r n ~ u t i n ~ '  Elachinery , 1 3 ,  2 ,  74-82. 

von Glasersf e l d ,  ~ r n s t ,  and P i s an i ,  Pier Faolo (1968),  The  h f u l t i s  t o r e  
Sys tern PIP-2, S c i e n t i f i c  P rog res s  repor t ,  Athens, Georgia: Georgia 
Institute f o r  Research.  

Yerkes, Robert  11. (1925), Trai ts  of young chirpanzees, Cn (R.  .?.I. ~ e r k e s  
afid B.  \ J .  Learned,  Eds , )  Chimpanzee I n t e l l i g e n c e .  and i t s  Vocal 
Express ipn,  ~ a l t k o r e  : Williams & ~ i l "1 i ams .  ' 



DESIGN ELEMENTS 

1,7 purple 
MACHINE 

6,8 purple 
LANA 

1,2 block 
NAME-OF 

3,5,8 blue 
EAT 

2,3,5,9 blue 
TICKLE 

I I 

5,7 black 
l NTO 

4 

@ , ,  1,5,6,9 red x '  1,4 black 

M and M OUT-OF 



Table 2 

Semantic Colour-Coding of Lexigrams 

. - - - --- _.---. 

(+) White and yellow are available in the first feedback  projector 

(left) only, where the sentential modifiers appear.  

I 

C o l o u r  

v i o l e t  

General Type  
- 

Autonomous Ac tor 

----- - - -- 

Lexigram Classes 

AP, AVy  AO, AY. 

FA,- FP, TF ,  CT, bTP. 

EU, El!, ED. 

PI3 . 
-- -- - 

ST, LS, CD. 

VA, V B ,  VC, VD, V E ,  V G ,  
2 ,  , PP, v s ,  In$-.' 

- - d 

D C ,  DD,  DO, DPy LP, ID, 
KT', PP. 

L 

"YES " 

Query,  P l ea se ,  Negation, 
P e r i o d  . 

- 

I 
oxange S p a t i a l  O b j e c t s ,  1 S p a t i a l  Concep,ts  

red Inges t  i h l e s  

.green  Parts of Body 

- -  -- 

I 

blue -g rey  / S t a tes  and Cond i t i ons  

I t 

blue / Activi t ies  
1 
I 

1 - 
black I ~ P r e p o s i t i o n s ,  Determi- 

white (+) 

ye l low  (+) 

d 

ne r s ,  p a r t i c l e s  

Affirmation 

Sentential N o d i f  iers 



'I'ab 1 e .3 

Dpera t io .nal  1,exigram ( ' l asses  

Autonomous Ac to r s  

AP FaviLiar p r imate  : (human) RE\'EPl,?i, SIII.'l,I,FY, TI?' 

A17 Vnfamiliar  pr imate :  \'ISTTOR 

Rf.1 Inanimate  (actor , :  !ftfCllTFF 

A b s o l u t e  F i x t u r e s  ( i t e r r s  t h a t  c a n n o t  move o r  b e  r~oved)  

Fe l a t i ve  F i x t u r e s  ( i tems t h a t  can r?ov& b u t  n o t  chanpe p l a c e )  

FF T)COF, , T".I:SJ4KFY, \.II??)CI\J' 

Transferables ( i t ems  that can change place and/or ;  b a n d s )  

TF CAI.I,, BIAFEFT, COL7 , RCI::, RI--CI:I-,T, PCT,1,, 

PT,'ATE, STTCK 

E d i b l e s  

EV ~ i s p e n s e &  as uhit : ?4by' ( candy)  , ?lZTSIK 

ET.7 Dispensed in p ieces :  APP1,F , BPNA$'A, HFF,qD, CP:vW, COC)K<IF 

D~in l :a ' t  les  

C O K F ,  JITTCB, ?fTl li, \.TbTEE 

Pa r t s  of - -- Body (can.  change place k,ut  n o t  h a n d s )  

PB R A C K ,  TAP , EYF,, T J SCrF , .FC\.IIT, IT,fr\:T) , I'FAD 

S t a t e s  (as a t t r i b u t e d  t o  i tqrs) 

SOFT, W T ,  '117'1 TI.:, 1'1;1:1 



(Tab le  3 ,  Lexigram C l a s s e s ,  c o n t i n u e d )  

~ o c a t i o n a l  . S t a t e s  (as a t t r i b u t e d  t o  items) 

LS FWAY,  D O W ,  EEPE,  U P  

Ambiental Conditions (sights, sounds, s w e l l s ,  etc., are t r ea ted  a s  s t a t e s  of 
t h &  environment  t h a t  c a n  b e  caused ()!AFT) Ey a n  a g e n t )  

CD COLD n .  , DARKNESS, EFAT, LIGHT n-. , FIOVIE,  

TRTSIC, SLIDE n . ,  V O I C E  

Conceptua l  C a t e g o r i e s  (as a p p l i e d  t o  s p a t i o - t e n p o r a l  i tems) 

CT BEGIP7NIRG, BCTTOP! , COLOR,  COPJIER , Eh?) , 

P , I E C E ,  SIDE,  TOP 

S t a t i o n a r y  A c t i v i t i e s  

VE I n g e s t i o n  of  solids: TAT 

\TI I n g e s t i o n  of l i q u i d s :  D R I N K  

IJA R e l a t i o n a l  motor a c t :  B I T E ,  GF.,OOY, HIT ,  HOLD, TICKLE 

Locomotive A c t i v i t i e s  

VB T r a n s f e r r i n g  
(change of p l a c e )  : CARRY 

VC Requ i r ing  contac t  and 
a p p l i c a t i o n  of f o r c e :  PCLL, PLTSE! 

VG Causing change of: hands : BKIhTG, G I V E  

VL Change of  place: ??@VE, SWWG, TITIT 

S t a t  ive  A c t i v i t i e s  

VS N a k l t a i n i n g  p o s i t i o n  in 
place : L I E ,  SLEEF,  ?I"I'ND 

Concep,t:yal Act X v i t i e s  

VI.1 C a u s a t i v e ,  c re , a t ing  change.: f-lAI<E 

VW Conat ive  a c t i v i t y :  NANT 



(Table 3 ,  Lexigram Classes ,  continued) 

L o c a t i o n a l  P r e p o s i t i o n s  

LP  

D i r e c t i o n a l  P r e p o s i t i o n s  

DP 

P a r t i t i v e  ?reposition 

Determiners 

DD Demonstrative: 

DQ Q u a n t i t a t i v e :  

DC Comparative: 

I N ,  O N ,  OITTSIDE, UNDER 

BEHIND,  FRO!!, I N T O ,  OUT-OF , THROLJG.12, 
TO, TO-LmDER 

T H I S ,  \\%AT 

ALL, IMKY, NO ( n o t  one) , O N E  

LFSS,  F!ORE 

Semantic Indicator 

NF Indicating semantic nexus: NAP-TE-OF 

Identi ty-Dif ' ference Efarkers -.. 

ID SPP!E-AS , OTHER-THAN 

A t t r i b u t i v e  Piarker ( a l s o  r e l a t i v e  c1aus.e marker > 
h% WEIICH-IS 

Sen ten t i a l  tlarkers (at b e g i n n i n g  of sentence) 

Request (hperat ive) ELFA-SE 

Query (Lnterroga t i v e )  11 r) t l  . * 

Kegation MOT 

Af f irmat ion Y E S  

End-af-messqge narker 1 1  . 1 1  ( p e r i o d )  

( a t  end of sentence) 



Table  4 ,  - 

Opera t iona l  C o r r e l a t o r s  

LH - 

autonomo.us a c t o r  
AP, AV, AO. 

autonombus a c t o r  
AP, AV,Mf. 

causatSve agent  
AP, AV, Nl. 

a c t o r  
AP,  AV, AOy FP, 
TF, EU, PB. 

i t e m  capable  of 
changing s p a t i a l  
1ocat. ion 
AP, AV, AO, F2, TF, 
EUy EMy EDy PS. 

c o n a t i v e  agent  
AP, AO, AV. 

Prsdica't i v e  Copula 

10 i t e m  having percept -  
ual c h a r a c t e r i s t i c s  
AP, AV, AO,:FA, FP, 
TF, EU, EM, ED, PB, 
CD, WR. 

performing 

pefforming 

performing 

performing 

performing 

perf  ~ r m i n g  

performing 

perf  orrning. 

s t a t i o n a r y  ac t iv i ty  
VA,  VP, VE. 

t r a n s f  e r r ' i ng  a c t i v i t y  
VB. 

act .  r e q u i r i n g  c o n t a c t  
and f o r c e  

VC. 

p e r c e p t u a l  a c t i v i t y  
VP . 
caus ing  i t e m ' s  change of  
hands; VG. 

caus ing  change of s ta te  
m1 . 
change of p l a c e  
VL . 

s t a t ive  a c t i v i t y  
VS. 

perf o r n ~ i n g  conat  i v e  a c t i v i t y  
VW. 

desc r ibed  by p r e d i c a t e d  s t a t e  
ST. LS. 

involv ing  a s  s o l i d  food  s t u f f  
p a t i e n t  EU, EM. 



(Table 4 ,  c o r r e l a t o r s ,  continued) 

~ c t i v i t y / ~ b m p L e m e n t  

inges t  ion  
VD. 

involving as 
p a t i e n t  

l i q u i d  
ED, 

s t a t i ona ry  motor 
a c t i v i t y  
VA 

ipvolving a s  
p a t i e n t  

any s p a t i a l  item 
A P ,  AV,  AO, FA FP, TF, 
EU, ED, PB. (*I 

t ransf e r r  ing 
VB . 

involving a s  
p a t i e n t  

item capable of change oJ 
p lace  
AP, AV,  AO, .TI?, EU, ED, 
P B .  

contact  and f o r c e  
VC 

involving a s  
p a t i e n t  

any. s p a t i a l  i tem 
(same as f o r  13!) 

involving .as 
r e s u l t  

p e r c e p t u a l  a c t i v i t y  
VP . 

any p e r c e p t .  item 
AP, AV, AO., FA, FP, KF, 
EU, EN,  ED, PB,  CD. 

change of hands 
VG . 

involving as 
p a t i e n t  

handable itea 
AO, TF, EU, ED.(*) 

involying as  
r e s u l t  

condi t ion  o r  s t a t e  
CD, CS. 

causing ghange 
m. 

conat ive  a c t i Q i t y  
VW, 

involving a s  
r e s u l t  

des i red  item 
AOI *TF, EU, ED, CD, VIE, 
V D ,  VS. 

~ t ? t i v i t ~ / ~ p a t i a l  Adjunct 

2 1  change of p lace  involving as t a r g e t  l o c a t i o n  
V C ,  VL, (and t a r g e t  L S ,  (and PVs:22) 
P's: 14,15,l.71) 

22 d i r e c t i o n a l  p r e p .  s t e p  1 f o r  s p e c i f i c a t i o n  of t a r g e t  
DP . corr'. 2 1  AP, AV, AO, F A ,  FP; TF*, 

EU, EM., ED, PB. 

(*) "Edible mater ia l s"  (FM), which a r e  dis,p&sed i n  s l i c e s  only ,  a r e  a t  
present  excluded from t h i s  c o r r e l a t i o n  bxcause y e  do not  want Lana t o  
formulate  reques.ts such as : P L E A S E  M I A  HOLD BANANA, s i nee  she is normally 
not  g iven  whole bananas., e t ch  



(Table 4 ,  c o r r e l a t o r s  , cont inued)  

s t a t i v e  a c t i v i t y  
VS, (and P ' S :  
11, 12,13). 

l o c a t .  prep.  
LP 

25 i t e m  considered 
1 p a r t  ' 
PB, CT. 

item considered 
1 p a r t '  

P '  s :2 .5  

Naning Funetion LH - 

l o c a l i z a t i o n  s p e c i f i c a t i o n  of 
l o c a t i o n  
LS,  (and P's :24,)  

s t e p  1 f o r  
c o r r ,  23 

s t e p  1 f o r  
c o r r .  2 6  

gar t-whole 

27 semantic  i n d i c a t i o n  s t e p  1 f o r  
NF . corr.. 28 

28 new lex igram nexus t o  
o r  \ ,WT. b e  formed 

gpecif  i c a t i o n  of 
l o c a t i o n  
(same a s  f o r  22!)  

p a r t i t i v e  p r e p o s i t i o n  

i tem considered 'whole' 
A P ,  AV,  AO,  FP, TF, EU 
Elf, .ED, PB, DD. 

item t o  be name 
AV, DD (') 

item des ignated  

30 determiner  
DO, DC, DD. 

R e l a t i v e  Clause - LH 

app l i ed  t o  any. i ten  single'd o u t  
AP, AV,  AO, FA, FP,  TF,  
E U ,  ED,  PB,  CD, C T .  

RH - 
31 i tem t o  be  q u a l i f i e d  a t t r i b u t i o n  r e s t r i c t i v e  marker 

AP, AV, AG, FA, FP, T F  L~I ICE-  I s (WR) ' 
EU, EV, ED', PB,  CD. 

comparative State - LH 

32 q u a n t i t a t .  d e t  . 
DQ 

q u a l i f i c a t t o n  s t a t e  
ST,, L S ,  LP, DP. 

(*) DD, i. e. t h e  demonstrat ive determiner  THXS i m p l i e s  os t ens ion  of t h e  
i tem t o  b e  n3med. 



(Table. 4 ,  c o r r e l a t o r s ,  c o n t i n u e d )  

I d e n t i t y  F u n c t i o n  - LW 

i d e n t i f y - d i f f  er- 
ence  marker 
I D  

S e n t e n c e  l b d i f  i e r s  

40 r e q u e s t  marker 
PLEASE 

41 q u e s t i o n  marker  
QUERY 

46 n e g a t i o n  marker  
NOT 

a p p l i e d  t o  

imperative 

i n t e r r o g a t .  

s e n t e n t  ial 
n e g a t i o n  

term of comparison 
AP, AV,  A O ,  FA, FP, TF, 
EU, EM, EB, PB, CD, DD. 

e x p r e s s i o n  tu rned  
i n t o  request. 

e x p r e s s i o n  t u r n e d  
i n t o  q u e s t i o n .  

expr 'ess ion negated. 



TABLE 5 
ASSIGNATION OF CORRELATOR I NDICI ES 

TO EXISTING LEXIGRAM CLASSES 

CORRELATOR INDlClES 



TO PRODUCTS (RECLASSIFICATION) 

CORRELATOR INDICIES 

IF l S t =  Assignot~on qn condition that the P'S LH-piece bears 
the I, to be assigned to the P; 

#,IF 2"= ~ s s i ~ n a t i o n  on condi tion that  the P'S. RH-piece bears 
the I to  be assigned to the P 



Appendix 

One of t h e  f i r s t  of ~ a n a ' s  spontaneous  ' g e n e r a l i s a t i o n s '  concerned 

t h e  l ex igram NO.  She had l e a r n e d  t h e  use of t h i s  1 e x i g t a m . i n  me s p e c i f i c  

c o n t e x t ,  i.e. i n  answers t o  q u e s t i o n s  such a s :  ? BANANA NAbIE-OF THIS,  

when t h e  o b j e c t  o s t e n s i v e l y  i n d i c a t e d  t o  her was, f o r  i n s t a n c e ;  her 

b l a n k e t .  One morning, Tim G i l l ,  t o  whose ingen ious  dev i s ing  of t r a i n i n g  

s i t u a t i o n s  t h e  p r o j e c t  owes a g r e a t  deal. of its s u c c e s s ,  e n t e r e d  khe room 

w i t h  a  bowl of  banana s l i c e s .  A s  he moved around t h e  corner  of ~ a n a ' s  

c u b i c l e  i n  o r d e r  t o  f i l l  t h e  d i s p e n s e r  t h a t  responds ,  t o  t h e  keyboard 

message PLEASE NACHINE G I V E  PIECE OF BANMA,  he'popped a banana s l i c e  

i n t o  h i s  mouth. Seeing t h i s ,  Lana adopted a t h r e a t e n i n g  p o s t u r e  and 

hooted a n g r i l y .  Then, suddenly ,  s h e  r a n  t o  the  keyboard and, t h r e e  

times i n  s u c c e s s i o n ,  v i g o r o u s l y  pressed the key b e a r i n g  t h e  lexigram NO. 

Conversat ion recorded on  Flay 6 t h ,  1974 .  

On t h e  preceding,  days  Lana had l e a r n e d  t h e  l ex igrams  f o r  a  bowl and 

a metal can, BOWL and CAN. T h i s  had been accomplished Ey f i r s t  u s i n g  

obje-c ts  whose names were a l r e a d y  known t o  h e r ,  p u t t i n g  an E & M  candy i n s ide  

them, and a s k i n g  h e r :  ? WHAT NMCE-OF TEIS. On Play 5 t h  she  r e l i a b l y  

r e p l i e d  w i t h  t n e  c o r r e c t  l ex ig ram when tLe reward was p laced  i n  t h e  bowl 

o r  i n  the can. The n e x t  morning Tim cwe i n  w i t h  t h e  bowl, t h e  can ,  

and a cardboard box. W h i l e  Lana was watch ing ,  he p u t  an  )i&E! candy i n  

t h e  box, and t h e  fo l lowing  exchange took p l a c e :  

Lana : ? TIE G I V E  LANA THIS CAN. 

Tim: 

Lana : 

YES. (Tim g ives  h e r  t!he empty can ,  which she a t  
once d i s c a r d s )  

? T I P  G I V E  LANA THIS CAN. 



T i m :  

Lana : 

T i m :  

Lana : 

Tin: 

Lana : 

Lana : 

Tim: 

Lana : 

Tim: 

NO CAN.  

? TIV G I V E  LANA THIS BO\.TL. 

YES. (Tim g i v e s  her the empty bowl) 

? SHELLEY - (Sentence unf in ished) '  

HO~SHELLEP'. ( S h e l l e y ,  ano the r  t e c h n i c i a n  trho 
worked with Lana, i s  n o t  p r e s e n t )  

? TIP: G I V E  LANA THIS BOWL 

(Before  Tim can  answer, Lana goes  on). 

? TIW G*IVE LALNA NMT-OF T H I S .  

(Aspontaneous g e n e r a l i s a t i o n  of G I V E ,  
not. f o r e s e e n  by the  grammar, s i n c e  tlAlfE.-OF 
had no t  been c l a s s i f i e d  as a p o s s i b l e  o b j e c e  
of G I V E ! )  

BOX NAVE-OF THIS . 
YFS. (Short  pause ,  and then)  

? TIM G I V E  LANA THIS BOX. 

YES. (Tim g i v e s  it to h e r ,  she  r i p s  i t  open 
and e a t s  the ?I&M) 

Conversa t ion  recorded on Kovember. 2 2 ,  1974. 

Tim: ? LANA NANT APFLE. (No a p p l e  is i n  sight) 

Lana : 

Tfm: 

Lana : 

T i m :  

YES. ( 'Tim l e a v e s  the  room and,  a£ ter a moment, 
r e t u r n s  w i t h  an  app le )  

YOU GIVE T H I S  TO LANA. 

YOU G I V E  THIS k1IICH-IS RED. 

(S ince  t h e r e  i s  no s e n t e n c e  marker ,  this is  
an  i n d i c a t i v e  s t a t ement  and n e i t h e r  a r e q u e s t  
no r  a -ques t  iun) 

? THIS, ( T i m  ho lds  u p .  a red piece of p l a s t i c )  



Lana : 

T i m :  

? YOU G I V E  THIS APPLE TO LANA. 

YES.  (Wl~ereupon she  receives the apple. ) 




