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Linguisti c Structur e an d Shor t  T e r m M e m o r y 

Emmanuel  M .  Pothos *  (e.pothos@bangor,ac.uk) ,  Patric k Juola** ,  Ouoia@mathcs.duq.edu) ,  &  Nic k C .  Ellis * 
(ii.ellisi@bangor.ac.uk ) 

•Schoo l  o f  Psychology ,  3 9 Colleg e Roa d 
Bangor ,  L L 5 7 2 D G ,  U K 

**Departmen t  o f  Mathematic s an d Compute r  Science , 
Duquesn e University ,  Pittsburgh ,  P A 1528 2 

In t roduct io n 

The inductio n o f  linguisti c knowledg e displaye d b y childre n 
i s perhap s on e o f  th e mos t  puzzlin g aspect s o f  learnin g 
performance ,  becaus e o f  th e intricacie s an d complexitie s o f 
languag e an d als o becaus e o f  th e unerrin g accurac y wit h 
whic h (apparently )  mos t  peopl e see m t o approximat e th e 
same linguisti c structur e (withi n a  society) .  Th e latte r 
observatio n suggest s tha t  languag e learnin g depend s o n 
universa l  feature s o f  th e learnin g process .  Th e featur e w e 
examin e her e i s th e shor t  ter m memor y ( S T M )  span .  I f 
S T M i s  relevan t  i n languag e acquisitio n the n w e expec t 
languag e structur e t o reflec t  th e S T M span .  I n othe r  words , 
th e S T M spa n wil l  b e reflecte d i n languag e onl y insofa r  tha t 
i t  i s a  relevan t  aspec t  o f  th e languag e learnin g problem . 

Mutual information and linguistic structure 

Al l  th e analyse s presente d ar e base d o n th e notio n o f 

"mutual  information, "  a  measur e o f  relatednes s betwee n 

differen t  probabilit y  distributions .  Le t  "range "  b e th e 

number  o f  word s betwee n tw o give n words ,  x ,  an d y  plu s 

one .  Fo r  instance ,  a  rang e o f  1  wil l  indicat e tha t  word s x  an d 

y ar e separate d b y onl y 1  othe r  word .  W e ar e askin g 

whethe r  ou r  expectatio n o f  obtainin g wor d y  a t  a  particula r 

locatio n i s affecte d b y th e knowledg e tha t  w e hav e wor d x 

i n a n earlie r  location .  A  measur e o f  thi s i s  th e mutua l 

informatio n (MI )  betwee n P(x )  an d P(y) ,  th e probabilitie s o f 

obtainin g wor d x  an d wor d y  respectively .  Mutua l 

informatio n indicate s h o w muc h th e uncertaint y involve d i n 

expectin g y  i s reduce d b y knowledg e tha t  w e hav e x ,  an d i s 

v^  P(x,y ) 
give n b y 2 ^  P ( j c , y ) l o g - — — — — .  Fo r  differen t 

ranges, P(x,y) is the probability of having both words x and 
y,  separate d b y a  numbe r  o f  word s equa l  t o th e range .  B y 

MI  profile ,  w e mea n th e wa y M I  varie s wit h increasin g 

range .  Thi s w e tak e t o b e a n indicato r  o f  statistica l  structur e 

i n language . 

Analyses 

We investigate d sample s fro m seve n differen t  languages ,  al l 
fro m th e C D - R O M databas e o f  th e Europea n Corpu s 
Initiativ e Multilingua l  Corpu s 1  (ECI/MCl) ,  distribute d b y 
th e Associatio n fo r  Computationa l  Linguistics .  Tabl e 1 
shows th e numbe r  o f  sample s an d averag e numbe r  o f  word s 
i n eac h language . 

Tabl e 1 ;  "SE "  i s th e standar d erro r  o f  th e mea n sampl e size , 
fo r  eac h language . 

languag e 

Bulgaria n 

mean word s 

146 8 
Czechoslovakia n 2759 1 
Dutc h 
Englis h 
Estonia n 
Frenc h 
Gae 
German 

18140 7 
9727 2 
1994 4 
16662 0 
20023 9 
12927 0 

SE 

256 
860 
3348 3 
1180 5 
1504 3 
202 

9653 2 

sample s 

4 
29 
35 
12 
2 
26 
1 
8 

I n thi s researc h ou r  objectiv e i s t o examin e th e evidenc e tha t 

differen t  language s displa y a  simila r  M I  profile ,  regardles s 

of  sampl e differences .  Therefore ,  ou r  approac h ha s bee n t o 

standardiz e th e averag e mutua l  informatio n value s fo r  eac h 

language ,  fo r  th e differen t  ranges .  Standardizatio n convert s 

a se t  o f  variable s s o tha t  th e mea n o f  eac h variabl e i s 0  an d 

th e standar d deviatio n 1 ,  s o tha t  essentiall y  al l  th e variable s 

ar e o n th e sam e scale .  Thi s mean s tha t  th e sam e difference s 

i n eac h o f  th e variable s ar e no w directl y comparable .  Figur e 

1 show s th e result s o f  thi s calculation .  Whil e ther e i s 

considerabl e noise ,  on e ca n se e tha t  th e mutua l  informatio n 

dependenc e "elbows "  a t  abou t  fou r  item s fo r  al l  th e 

languages .  Thi s w e tak e t o indicat e tha t  S T M i s  indee d a 

relevan t  aspec t  o f  languag e learning .  Wit h futur e work ,  w e 

ai m t o exten d ou r  analyse s s o a s t o mor e accuratel y examin e 

MI  profil e similarities . 

Range 

Figur e 1 :  M I  profil e w h e n M I  value s w e r e standardize d fo r 

th e differen t  languages . 
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