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M i n i a t u r e L a n g u a g e A c q u i s i t i o n : 

A t o u c h s t o n e fo r  cogn i t i v e s c i e n c e 

Jerome A. Feldman, George LakofT, Andreas Stolcke and Susan Hollbach Weber 

Internationa l  Compute r  Scienc e Institute ,  Berkele y C A 

Abstract 

Cognitiv e Science ,  whos e genesi s wa s interdisciplinary ,  show s sign s o f  revertin g t o a  disjoin t 

collectio n o f  fields.  Thi s pape r  present s a  compact ,  theory-fre e tas k tha t  inherentl y require s a n 

integrate d solution .  Th e basi c proble m i s learnin g a  subse t  o f  a n arbitrar y natura l  languag e 

fro m picture-sentenc e pairs .  W e describ e a  ver y specifi c  instanc e o f  thi s tas k an d sho w ho w 

i t  present s fundamenta l  (bu t  no t  impossible )  challenge s t o severa l  area s o f  cognitiv e scienc e 

includin g vision ,  language ,  inferenc e an d learning . 

1 Introduction 

touchstone (tuch' ston'). n. 1. a black siliceous stone used to test the purity of gold 

and silve r  b y th e colo r  o f  th e strea k produce d o n i t  b y rubbin g i t  wit h eithe r  metal . 

2.  a  tes t  o r  criterio n fo r  th e qualitie s o f  a  thing . 

— S y n.  2 .  standard ,  measure ,  model ,  pattern . 

Among the things that cognitive science has studied most are visual perception, language, 

inference ,  an d learnin g [Posner ,  1989] .  However ,  thes e ar e ofte n studie d a s i f  the y wer e isolate d 

fro m on e another .  Studie s i n visua l  perceptio n rarel y addres s th e question s o f  ho w w e perceiv e 

higher-orde r  spatia l  relation s an d wha t  system s o f  spatia J concept s ther e ar e i n th e language s o f 

th e world .  Compute r  visio n an d natura l  languag e processin g ar e see n a s differen t  an d unrelate d 

disciplines .  I n psycholog y a s well ,  languag e an d visio n ar e see n a s distinc t  subspecialties ,  wher e 

specialist s i n on e hav e littl e o r  nothin g t o d o wit h th e other . 

Th e stud y o f  learnin g is ,  fo r  th e mos t  part ,  jus t  a s isolated .  Learnin g researc h ofte n proceed s 

as i f  th e conten t  o f  wha t  i s learne d di d no t  matter .  Thi s i s especiall y tru e o f  connectionis t  learning , 

whic h studie s th e learnin g o f  correlation s amon g microfeatures ,  independen t  o f  content .  On e partia l 

exceptio n t o thi s i s languag e acquisitio n i n th e generativ e tradition ,  wher e a  goo d dea l  o f  innatenes s 

i s assume d [Pinker ,  1989] .  Bu t  ther e languag e acquisitio n i s define d i n a  ver y limite d way :  "languag e 

acquisition "  usuall y mean s jus t  synta x acquisitio n an d researc h ha s no t  attempte d t o characteriz e 

ho w peopl e lear n t o describ e wha t  the y see . 

One wa y t o star t  t o unif y severa l  branche s o f  cognitiv e scienc e i s t o as k th e question : 

How could we learn to describe what we see? 

We believe that addressing this question seriously could change the course of research in several 

subfield s i n a  health y way .  W e beUev e tha t  thes e fields  nee d t o co-evolve ,  takin g int o accoun t  on e 

another' s constraints . 

We realiz e o f  cours e tha t  eac h o f  thes e fields  i s enormou s an d comple x an d largel y unknow n 

and tha t  anythin g lik e a  tota l  integratio n a t  presen t  i s impossible .  However ,  w e believ e tha t  i t  i s 

possibl e t o undertak e a  smal l  bu t  nonetheles s significan t  portio n o f  tha t  tas k now ,  an d tha t  doin g 

so wil l  hav e a  soberin g an d a n enrichin g effec t  o n muc h o f  cognitiv e science . 
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We ar e proposin g a  ne w touchston e proble m fo r  cognitiv e science ,  a  mini-tas k tha t  i s  well -

defined ,  ver y smal l  relativ e t o th e overal l  jo b t o b e done ,  an d ye t  significan t  enoug h s o tha t  on e ca n 

lear n a  grea t  deal .  Th e Miniatur e Languag e Acquisitio n ( M L A )  tas k i n it s  mos t  genera l  formulatio n 

i s t o construc t  a  compute r  syste m suc h that : 

The system is given examples of pictures paired with true statements about those pictures in an 

arbitrar y natura l  language . 

The system is to learn the relevant portion of the language well enough so that given a new 

sentenc e o f  tha t  language ,  i t  ca n tel l  whethe r  o r  no t  th e sentenc e i s tru e o f  th e accompanyin g 

picture . 

There are a number of attractive features in this general task. It is strictly behavioral and 

theory-free :  nothin g ha s bee n sai d abou t  th e theor y o r  methodolog y tha t  shoul d b e employe d i n 

th e task .  Th e proble m i s close d i n th e sens e tha t  on e canno t  appea l  t o som e forthcomin g resul t 

i n a  relate d domai n tha t  wil l  complet e th e stor y — th e syste m ha s t o d o th e whol e job .  Ther e 

i s n o stipulatio n o f  ho w muc h shoul d b e buil t  int o th e syste m an d ho w muc h learned .  An d th e 

requiremen t  tha t  th e sam e syste m shoul d wor k fo r  equivalen t  fragment s o f  an y natura l  languag e 

rule s ou t  a d ho c solutions .  Th e issu e no w become s on e o f  feasibility :  whethe r  ther e i s a n instanc e 

of  thi s tas k tha t  i s  currentl y approachabl e bu t  sti U ric h enoug h t o mee t  ou r  programmati c goals . 

Of  course ,  th e M L A tas k i s no t  a  mode l  o f  huma n languag e acquisitio n o r  adul t  languag e 

learning .  Th e semanti c an d pragmati c contex t  o f  rea J huma n communicatio n i s fa r  to o comple x 

t o us e a s a  basi s fo r  a  miniatur e languag e acquisitio n task .  Eve n th e domai n o f  idealize d two -

dimensiona l  scenes ,  whic h i s th e simples t  w e coul d find,  involve s considerabl e complexit y a s som e 

comin g example s wi U illustrate .  I n fact ,  on e o f  th e greates t  appeal s o f  th e M L A tas k i s tha t  dee p 

question s i n severa l  area s o f  cognitiv e scienc e appea r  i n shar p form ,  eve n i n th e ver y limite d L q 

domain . 

2 Lq :  a  specifi c  formulatio n 

We have been investigating the particular task (which we caJl Lq) of language acquisition in the 

domai n o f  simpl e two-dimensiona l  scenes .  I n orde r  t o defin e th e tas k precisely ,  w e giv e a  se t  o f  rule s 

fo r  L q (se e Figur e 1) .  Thes e rule s hav e n o linguisti c significanc e and ,  o f  course ,  ar e no t  availabl e 

t o th e learnin g system .  Th e sentence s i n th e chose n natura l  languag e ar e draw n fro m a  finite 

corpu s capturin g (a s closel y a s possible )  th e meaning s o f  th e Englis h description s specifie d b y th e 

Lo grammar .  Th e M L A tas k require s tha t  th e syste m wor k fo r  equivalen t  fragment s o f  an y natura l 

language .  Ther e m a y b e a  questio n o f  wha t  woul d constitut e a n "equivalen t  fragment "  o f  anothe r 

languag e wit h a  ver y differen t  structur e an d a  differen t  syste m o f  spatia l  concepts .  W e (tentatively ) 

characteriz e a n "equivalen t  fragment "  a s on e tha t  ca n describ e th e sam e rang e o f  visua l  inputs . 

The visua l  input s t o a n L q syste m ar e scene s o f  (u p t o 4 )  idealize d geometri c figures.  A  candidat e 

syste m i s presente d wit h a  pictur e an d wit h on e o r  mor e sentence s tha t  ar e grammatica l  i n th e 

give n languag e an d ar e tru e o f  tha t  picture .  Th e orde r  an d possibl e repetitio n o f  trainin g example s 

can b e whateve r  th e system' s designe r  specifies .  W e explicitl y  allo w a n isolate d nou n phras e (NP ) 

as a  sentenc e fragmen t  a s thi s shoul d simplif y th e initia l  stage s o f  learning .  Afte r  trainin g o n n o 

more tha n hal f  th e example s (an d hopefull y man y fewer )  th e syste m i s teste d b y bein g presente d 

wit h pair s consistin g o f  a  pictur e an d a  grammatica l  sentenc e whic h m a y b e tru e o r  fals e abou t 

th e companio n picture .  Obviously ,  th e syste m succeed s t o th e exten t  tha t  i t  produce s th e righ t 
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S =  N P I  N P V P 

NP =  D E T NP l  I  D E T NP l  an d D E T NP l 

VP =  V I  P P I  V T N P 

NPl  =  OB J 1  S H A DE OB J |  SIZ E OB J |  SIZ E S H A DE OB J 

PP =  R E L N P 

VI  =  i s I  ar e 

V T =  touche s |  touc h 

D ET =  a 

OBJ =  circl e |  squar e |  triangl e 

S H A DE =  ligh t  I  dar k 

SIZ E =  smal l  |  mediu m |  larg e 

R EL =  REL l  I  fa r  REL l 

RELl  =  abov e |  belo w |  t o th e lef t  o f  |  t o th e righ t  o f 

Figur e 1 :  A  specificatio n o f  Lq . 

answers .  I t  i s  importan t  t o realiz e tha t  th e L q gramma r  i s hidde n fro m th e system .  I t  i s  know n 

onl y t o th e generato r  o f  th e trainin g inputs ,  an d th e restriction s i t  embodie s (thoug h no t  thes e 

particula r  rules )  mus t  someho w b e discovere d b y th e learnin g system . 

Fro m th e poin t  o f  vie w o f  linguistics ,  th e tas k ha s importan t  attractions .  First ,  ther e ar e alread y 

enoug h ric h description s o f  spatia l  system s fo r  variou s Indo-Europea n an d non-Indo-Europea n lan -

guage s fo r  a  star t  t o b e mad e [Rudzhka-Ostyn ,  1988 ;  Langacker ,  1987 ;  Casad ,  1982 ;  Casa d an d 

Langacker ,  1985 ;  Hershkovits ,  1986 ;  Janda ,  1986 ;  Talmy ,  1983 ;  Talmy ,  1972 ;  Talmy ,  1985] .  Sec -

ond,  th e task ,  eve n i n it s simples t  form ,  i s demandin g enoug h s o tha t  muc h deepe r  researc h o n 

thos e spatia l  system s wil l  b e required .  Third ,  th e tas k focuse s th e attentio n o f  cognitiv e scienc e o n 

language s othe r  tha n English ,  wit h specia l  attentio n t o th e non-Indo-Europea n languages ,  wher e 

th e spatia l  system s ar e ofte n ver y differen t  fro m wha t  Englis h speaker s ar e use d to .  Fourth ,  th e 

tas k i s semanticaU y driven ,  whic h wil l  requir e seriou s attentio n t o th e relatio n betwee n synta x an d 

semantics . 

3 Var ian t s 

One advantage of the highly specific formulation of the Lq task is that it focuses attention on what 

we conside r  t o b e th e essenc e o f  th e problem :  acquirin g syntacti c description s o f  a  limite d bu t 

grounde d semantics .  Th e acquisitio n strateg y shoul d o f  cours e b e extensibl e t o a  broade r  semanti c 

rang e wit h th e sam e grounding . 

I n additio n t o th e bas e L q o f  Figur e 1  w e ar e lookin g a t  smal l  variations .  A  specificatio n tha t 

can b e derive d fro m Figur e 1  b y addin g u p t o tw o word s an d tw o grammatica l  constraint s i s a n 

acceptabl e varian t  o f  th e task .  On e woul d no t  b e happ y wit h a  syste m tha t  worke d fo r  exactl y 

Lq bu t  totall y brok e dow n fo r  on e o f  thes e mino r  variants .  W e thin k o f  a  solutio n a s robus t  i f  it s 

designe r  ca n revis e i t  t o accommodat e an y singl e L q variatio n i n on e day .  W e ar e onl y intereste d i n 

robus t  solutions ,  namely ,  thos e tha t  ar e easil y modifiabl e fo r  a n enormou s rang e o f  mino r  variant s 

i n an y natura l  language .  Thi s shoul d guarante e tha t  an y robus t  solutio n mus t  b e doin g quit e a 
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fe w thing s right .  A s w e shal l  see ,  addin g eve n on e mino r  variatio n ca n produc e a  grea t  dea l  o f 

complexity . 

Not e tha t  th e tas k a s state d doe s no t  explicitl y  entai l  tha t  linguisticall y significan t  generaliza -

tion s b e learned .  W e speculat e tha t  th e robustnes s conditio n wil l  guarante e a  reasonabl e leve l  o f 

significan t  generalization .  I f  a  syste m ca n b e extende d simpl y t o dea l  wit h an y on e o f  a  ver y larg e 

number  o f  variants ,  i t  woul d mos t  likel y hav e t o hav e generalize d prett y well . 

Some o f  th e L q variant s tha t  w e hav e foun d usefu l  t o wor k wit h are : 

1. Synonyms: e.g., have 'big' and 'large' used interchangeably. 

2. Abstraction: add 'thing' to the definition of OBJ. This shows that one cannot simply identify 

an objec t  wit h it s shape . 

3. Predicate negation: add "is not" and "are not" to the definition of VI. Negative sentences 

say muc h les s abou t  a  picture ,  e.g .  " A dar k circl e i s no t  touchin g a  square" . 

4. Sentence inversion: Add "PP VI NP" to the definition of S, e.g. "Above a circle is a small 

square" .  Thi s force s th e syste m t o us e grammatica l  cue s i n figuring  ou t  rol e assignment , 

rathe r  tha n merel y usin g relativ e position . 

5. Plurals: add 'circles' and 'triangles' to the definition of OBJ, e.g. "A circle and a square are 

belo w larg e triangles" . 

6. Verb conjuncts: add "VT 'and' VI PP" to the definitions of VP, e.g. "A circle touches and 

i s abov e a  square" .  Thi s make s explici t  th e requiremen t  o f  allowin g multipl e reference s t o a 

give n object ,  e.g .  " A circl e touche s a  squar e an d th e sam e circl e i s abov e th e sam e square" . 

7. Conjunctive attributes: add "RELl 'and' RELl" to the definition of REL. Conjunction can 

be subtle .  Fo r  example ,  th e sentenc e " A circl e i s abov e an d t o th e lef t  o f  a  square "  doe s no t 

requir e tha t  th e circl e b e eithe r  'above '  o r  't o th e lef t  o f  th e square . 

8. Relative sizes: Add 'larger' and 'smaller' to definition of SIZE, e.g. "A circle is above a larger 

square" .  Expandin g th e scop e o f  relationa l  propertie s t o comparative s highlight s th e necessit y 

of  adoptin g a  visua l  representatio n tha t  ca n handl e abstrac t  shap e feature s an d relations .  On e 

candidat e i s UUman' s [1984 ]  visua l  routines .  A s Ullma n point s out ,  shap e propertie s (e.g . 

connectedness )  an d relation s (e.g .  inside )  ca n b e compute d b y routine s bu t  ar e ver y har d t o 

captur e i n a  propositiona l  semantics .  Anothe r  L q exampl e o f  thi s i s th e modifie r  'far' . 

9. Definite article: add 'the' to the definition of DET. Compare Figure 3 (c) with "The smaller 

circl e i s abov e th e large r  square" . 

10. Over and Under: add 'over' and 'under' to the definition of RELl. This is a far from 

trivia l  extension ,  sinc e th e ter m 'over '  ha s dozen s o f  relate d spatia l  sense s [Lakoff ,  1987] .  Fo r 

example ,  i n Figur e 2  (a) ,  th e circl e i s ove r  (above )  th e square ,  whil e i t  i s  no t  i n th e topologicall y 

identica l  situatio n show n i n Figur e 2  (b) .  Anothe r  interestin g asymmetr y betwee n 'under ' 

and 'over '  i s  depicte d i n Figur e 3  (c) . 

11. Quantifiers: add 'every' and 'no' to the definition of DET, e.g. in Figure 2 (a), "No square is 

unde r  a  circle" . 
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(a )  (b )  (̂ ) 

Figure 2: An interesting situation that highlights the complexity of the Lq domain, (a) with the 

triangl e a s a  fram e o f  reference ,  th e circl e i s see n t o b e 'over '  th e square ;  (b )  withou t  th e apparen t 

suppor t  o f  th e triangle ,  th e circl e i s n o longe r  'over '  th e square .  Dialect s diffe r  o n this ,  (c )  Th e 

circl e i s ove r  th e triangl e fro m th e square . 

Anothe r  possibl e se t  o f  variant s involv e motio n an d tim e an d entai l  a  whol e rang e o f  ne w 

sentence s an d representation s an d inferenc e issues .  Th e si x variant s liste d belo w shoul d provid e 

some o f  th e flavor  o f  th e additiona l  considerations . 

1. Single object motion: add 'moved' to the definition of VT, 

and/o r  ad d "i s now "  t o th e definitio n o f  VI , 

and/o r  ad d 'was '  t o th e definitio n o f  VI . 

Tempora l  variant s rais e th e issu e o f  objec t  identity .  I t  seem s reasonabl e t o assum e tha t  th e 

syste m i s give n th e inter-scen e objec t  correspondences . 

2. Single object change: add "turned into" to the definition of VT. 

3. Single object contact: add "bumped into" to the definition of VT. 

4. Temporal non-change: add 'remains' to the definition of VI. 

5. Pronoun: add 'it' to the definition of NP, eg. "It is now above it". Multiple scenes permit 

pronomina l  reference . 

6. Trajectories: add "went between" to the definition of VT. 

The examples involving motion and time suggest the need for an extended range of semantic 

primitives .  Fo r  a  variet y o f  reason s [Feldman ,  1988],  w e postulat e tha t  explici t  trajectorie s wil l  b e 

an importan t  primitive .  I t  turn s ou t  tha t  th e trajectorie s ar e als o usefu l  i n understandin g som e 

stati c scene s suc h a s Figur e 2  (c) . 

4 Conclusions 

In order to succeed at the Lq task, a program would have to be able to learn the grammars of at 

leas t  small ,  simpl e fragment s o f  an y o f  th e world' s languages .  I t  woul d hav e t o b e abl e t o lear n th e 

690 



o o 

o 

(a ) (b ) (c ) 

Figur e 3 :  (a )  th e circl e i s 'over '  th e tw o squares ,  bu t  th e tw o square s ar e no t  'under '  th e circle ,  (b ) 

th e circl e i s no t  ove r  tw o square s (i t  i s  onl y ove r  on e o f  them) ,  (c )  Th e effec t  o f  context :  " A smalle r 

circl e i s abov e a  large r  square "  i s a n acceptabl e descriptio n onl y wit h th e indefinit e article . 

semantic s o f  spac e fo r  an y o f  th e world' s languages .  I t  woul d hav e t o b e abl e t o lear n t o lin k tha t 

semantic s o f  spac e t o visua l  input .  An d i t  woul d hav e t o b e abl e t o lear n t o d o a  rang e o f  spatia l 

inference s fo r  an y o f  th e spatia l  system s i n th e world' s languages . 

One questio n tha t  woul d obviousl y aris e immediatel y i s jus t  ho w muc h an d wha t  kin d o f  innat e 

structur e woul d hav e t o b e buil t  in .  Buildin g i n to o muc h woul d mak e i t  impossibl e t o lear n th e 

tas k fo r  som e rang e o f  languages .  Buildin g i n to o littl e woul d mos t  likel y mak e th e tais k intractable . 

Thus ,  i f  on e ha s opinion s abou t  innat e structur e o r  th e lac k o f  it ,  thi s i s a  goo d tas k t o tes t  the m 

on. 

Miniatur e Languag e Acquisition ,  eve n a t  th e L q level ,  i s  a  cognitiv e scienc e tas k tha t  require s 

tha t  ver y seriou s attentio n b e pai d t o th e enormou s variet y i n synta x an d semantic s acros s th e 

world' s languages .  Th e syste m wil l  hav e t o deal ,  fo r  example ,  wit h classifie r  systems ,  whic h ar e 

common i n th e world' s languages .  I t  wi U hav e t o dea l  wit h system s lik e Mixtec ,  wher e ther e ar e n o 

prepositions ,  postpositions ,  o r  cases ,  bu t  wher e spatia l  relation s ar e characterize d i n term s o f  body -

par t  projection s an d a n elaborat e spatia l  deixi s system .  An d i t  wil l  hav e t o dea l  wit h language s lik e 

Cora ,  wher e ther e i s a n extensiv e deicti c locativ e syste m whic h i s bcise d o n image-superimpositio n 

[Langacker ,  1987 ;  Casad ,  1982 ;  Casa d an d Langacker ,  1985] .  Thi s tas k wil l  hel p cognitiv e scienc e 

confron t  th e fac t  tha t  ther e i s muc h mor e t o huma n cognitio n tha n th e concept s on e finds  i n Englis h 

or  i n familia r  Europea n languages . 

Sinc e th e L q tas k i s a t  th e intersectio n o f  vision ,  language ,  inference ,  an d learnin g studies ,  i t 

encourage s researcher s i n eac h o f  thos e fields  t o tak e th e othe r  fields  seriously .  I t  encourage s linguist s 

t o tak e visio n seriousl y an d t o as k ho w w e ca n describ e wha t  w e see .  I t  encourage s developmenta l 

psycholinguist s t o loo k beyon d mer e synta x acquisitio n an d as k ho w w e lear n t o describ e wha t  w e 

see.  I t  encourage s visio n researcher s t o focu s o n highe r  leve l  system s o f  spatia l  relation s o f  th e sor t 

tha t  exis t  i n th e language s o f  th e world .  I t  encourage s learnin g theorist s t o focu s o n content-specifi c 

learning . 

Touchston e problems ,  whic h ar e eas y t o stat e bu t  beyon d curren t  science ,  pla y a n importan t 

rol e i n man y fields.  Som e example s ar e th e "P=NP?' '  questio n i n computabilit y  theor y an d th e 

"cop y demo "  proble m i n robotics ,  an d linguisti c universals .  W e believ e tha t  th e L q tas k ca n pla y 

suc h a  rol e i n contemporar y cognitiv e science .  Cognitiv e scienc e i s b y natur e interdisciplinary , 

but ,  unfortunately ,  i t  ha s develope d subdiscipline s tha t  ar e goin g of f  i n differen t  direction s withou t 
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payin g enoug h attentio n t o wher e the y intersec t  an d constrai n eac h other .  Th e adoptio n o f  th e 

Lo tas k 3L S a  touchston e woul d forc e thes e discipline s t o pa y attentio n t o on e anothe r  and ,  i n th e 

cours e o f  that ,  w e think ,  chang e th e discipline s i n a  health y way . 
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