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Abstrac t 

Connectionis t  account s o f  inflectiona l  morpholog y hav e 
focusse d o n th e domai n o f  th e Englis h Pas t  Tens e (e.g . 
Rumelhar t  &  McClellan d 1986 ;  Plunket t  &  Marchma n 
1993) .  I n thi s inflectiona l  domain ,  th e defaul t  mappin g 
proces s (ad d /ed/ )  reflecL s th e proces s o f  suffixatio n 
adopte d b y th e majorit y o f  th e form s i n th e language . 
Connectionis t  model s exploi t  th e imbalanc e betwee n 
EngHsh regula r  an d irregula r  verb s whe n learnin g th e 
past  tens e an d whe n respondin g t o nove l  form s i n a 
defaul t  fashion .  No t  al l  inflectiona l  system s hav e a 
defaul t  mappin g whic h i s characterize d b y a  majorit y o f 
form s i n th e language .  Th e Arabi c Plura l  Syste m ha s 
been cite d (Marcu s e t  al .  1993 )  a s on e suc h syste m 
wher e a  minorit y defaul t  mappin g proces s operates .  Th e 
Sound Plura l  i n Arabi c applie s t o onl y a  minorit y o f 
form s i n th e lexico n (~104;) ,  ye t  i t  appear s t o adop t  th e 
rol e o f  a  defaul t  mappin g fo r  nove l  nouns .  W e describ e a 
connectionis t  mode l  tha t  ca n lear n a  minorit y defaul t 
mappin g analogou s t o th e Arabi c plura l  an d discus s it s 
performanc e i n relatio n t o typ e an d toke n frequenc y 
effects ,  an d thei r  distributio n withi n phoneti c space . 

INTRODUCTION: 

A competen t  languag e use r  ca n appl y bot h regula r  inflec -
tiona l  pattern s (tal k -  talked )  an d irregula r  pattern s (sin g 

sang )  t o nove l  word s productivel y (wu g -  wugged ;  lin g -
lang) .  Traditiona l  generativ e account s (Pinke r  &  Princ e 
1988 )  attribut e th e developmen t  o f  suc h abilitie s t o th e appli -

catio n o f  rules .  Fo r  exampl e i n English ,  w e ma y posi t  a 
memory storag e devic e tha t  contain s hig h frequenc y form s 
and irregula r  form s i n th e language .  I n addition ,  a  rul e base d 

syste m append s th e appropriat e allomorp h of/ed /  t o th e ste m 

of  th e ver b t o for m th e pas t  tense .  Error s durin g languag e 

acquisitio n ar e explaine d b y th e interferenc e betwee n th e 

tw o mechanisms .  Specifically ,  th e memor y storag e devic e 

fail s  t o bloc k th e applicatio n o f  th e regula r  rul e t o a n irregu -

la r  ste m -  leadin g t o overgeneralisation .  Matur e performanc e 
i s achieve d b y fine-tuning  th e conflic t  betwee n th e mecha -
nisms :  Th e memor y trac e fo r  th e irregula r  verb s i s suength -
ened an d th e blockin g effec t  thereb y enhanced .  I n contrast , 

connectionis t  account s (Rumelhar t  &  McClellan d 1986 )  pos -

tulat e a  singl e mechanis m whic h perform s th e tas k o f 

learnin g bot h regula r  an d irregula r  form s o f  th e pas t  tense . 
Similaritie s betwee n th e phonolog y o f  nove l  form s an d th e 

phonolog y o f  form s i n th e trainin g corpus ,  dictat e th e net -

work' s abilit y  t o generalis e t o ne w form s i n th e language , 

whil e stil l  performin g correctl y o n th e irregula r  forms . 
A critica l  featur e o f  th e Englis h pas t  tens e i s tha t  no t  al l 

verb s underg o th e sam e typ e o f  transformatio n fro m ste m 
t o pas t  tens e form .  Irregula r  verb s underg o a  variet y o f 

changes ,  e.g. ,  arbitrar y change ,  n o change ,  vowe l  supple -
tion ,  blending .  A  connectionis t  mode l  mus t  lear n al l  thes e 

type s withou t  corruptin g th e 'default '  mappin g o f  th e reg -

ula r  transformatio n (i.e .  ad d /ed/) .  I t  ha s bee n argue d 
(Pinke r  &  Princ e 1988 ,  Marcu s e t  a l  1992 )  tha t  th e abilit y 

of  connectionis t  account s t o lear n thi s tas k i s a n artifac t  o f 

th e statistica l  compositio n o f  th e Englis h pas t  tens e sys -
tem.  Th e 'default '  mappin g i s use d b y th e majorit y o f  th e 

form s i n th e language ,  henc e th e connectionis t  mode l  sim -

pl y reflect s thi s asymmetri c distributio n o f  regula r  verb s 
when i t  prcxluce s overgeneralisation s an d respond s t o 

nove l  forms .  Mor e recen t  modellin g o f  th e acquisitio n o f 
th e Englis h pas t  tens e (Plunket t  &  Marchma n 1993 )  ha s 

investigate d th e rol e o f  change s i n th e irregular/regula r 

rati o fo r  profile s o f  learnin g i n th e earl y stage s o f  acquisi -
tions .  I n thi s paper ,  w e investigat e furthe r  th e effect s o f  th e 
vocabular y balanc e betwee n differen t  wor d type s fo r  th e 

acquisitio n o f  inflectiona l  systems . 
Not  al l  inflectiona l  system s ar e lik e th e Englis h Pas t 

Tense .  I n th e Arabi c plura l  ther e i s n o singl e inflectiona l 
typ e whic h applie s t o a  majorit y o f  th e form s i n th e lan -

guage .  Th e majorit y o f  plural s ar e characterise d b y a  sys -

te m o f  sub-regularitie s conditione d b y th e phonologica l 
characteristic s o f  th e nou n ste m -  th e s o calle d Arabi c Bro -

ken Plura l  (Murtone n 1964) .  Th e phonologica l  shap e o f 

th e nou n i n Arabi c provide s a  reliabl e cu e t o th e formatio n 

of  it s  plural .  Th e broke n plura l  i s  forme d b y interna l  vowe l 
changes ,  sometime s wit h th e additio n o f  prefixe s an d suf -
fixes  (e.g .  maliku n -  mulukun) .  A  smal l  minorit y o f  noun s 
(-10% )  tak e th e Soun d Plural ,  whereb y a  suffi x (differin g 
fo r  gender )  i s  adde d t o th e stem ,  muc h lik e addin g a n /s /  i n 

Englis h (e.g .  hasanu n -  hasanuna) .  Thes e noun s hav e fe w 
phonologica l  characteristic s tha t  mak e the m coher e a s a 
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clas s an d d o no t  posses s th e phonologica l  templat e associ -

ate d wit h th e broke n plura l  types .  Th e soun d plura l  i s  use d 

wit h nove l  form s tha t  d o no t  posses s a  broke n plura l  tem -

plat e an d als o loa n word s fro m othe r  languages .  I t  i s 

assume d tha t  childre n learnin g Arabi c overgeneralis e wit h 

th e Soun d Plural ,  bu t  ther e i s currentl y n o experimenta l  evi -

denc e availabl e o n thi s issue . 

Th e standar d generativ e accoun t  provide s a  natura l  expla -

natio n o f  th e behaviou r  o f  th e defaul t  Soun d Plura l  i n Ara -

bic :  A  symboli c syste m automaticall y append s a  suffi x t o th e 

nou n ste m w h e n a n exceptiona l  for m i s no t  recognise d an d 

blockin g goe s untriggered .  Thi s rule-governe d proces s doe s 

not  depen d upo n a  majorit y o f  form s conformin g t o th e 

defaul t  proces s i n th e languag e itself .  I n contrast ,  a  connec -

tionis t  accoun t  woul d appea r  t o b e ill-designe d fo r  th e tas k o f 
extractin g a  defaul t  mappin g proces s whic h i s characterise d 

by a  minorit y o f  form s i n th e language :  Suppos e th e Arabi c 

noun s wer e distribute d evenl y acros s th e phonologica l  spac e 
of  th e language ,  i t  i s  mor e likel y tha t  a  nove l  wor d woul d 

occup y a  spac e close r  t o a  broke n plura l  typ e tha n t o a  soun d 

plural ,  sinc e broke n plural s ar e i n th e majority .  O n e woul d 
therefor e expec t  an y inflectiona l  transformatio n base d upo n 

judgement s o f  similarit y (suc h a s thos e mad e b y connection -

is t  models )  t o reflec t  th e gros s statistica l  distributio n i n th e 

language .  Thus ,  th e defaul t  proces s shoul d reflec t  th e charac -

teristic s o f  th e broke n plural . 

I t  i s  advantageou s her e t o visualis e languag e i n spatia l 
terms .  Conside r  th e phonologica l  spac e o f  a  languag e a s pro -

jecte d ont o tw o dimensions ,  bounde d b y th e limit s o f  th e 

phonologica l  rule s whic h gover n th e particula r  language .  I n 

thi s space ,  word s tha t  ar e phonologicall y simila r  woul d 

occup y simila r  positions .  Recal l  tha t  broke n plural s fit  well -
define d phonologica l  templates .  Hence ,  th e syste m o f  broke n 

plural s i n Arabi c woul d constitut e 'islands '  i n a  'phonologi -

cal  sea '  wher e th e siz e o f  thes e island s i s determine d b y th e 

degre e o f  phonologica l  variatio n characterisin g th e class .  Fo r 

example ,  i n English ,  th e sub-regularit y exemplifie d b y / 

sleep/->/slept/ ,  /keep/->/kept/ ,  /creep/->/crept /  als o include s 

token s suc h a s /meet/->/met /  tha t  ar e phonologicall y some -

what  distan t  fro m th e prototyp e fo r  tha t  group .  I n contras t  t o 

th e broke n plurals ,  th e Soun d Plural s hav e fe w coherin g fea -

ture s an d m a y b e visualise d a s token s o n thei r  o w n (o r  i n 
smal l  localise d group s o f  a  fe w tokens) ,  dotte d i n th e 'sea ' 

betwee n th e group s o f  broke n plura l  types .  W h e n th e Arabi c 

plura l  syste m i s visualise d i n thi s manne r  i t  i s  eas y t o se e 

w hy a  nove l  ste m i s m u c h mor e likel y t o fal l  i n th e 'sea ' 

rathe r  tha n o n a n island .  Henc e i f  th e networ k ca n lear n t o 

associat e th e 'sea '  t o th e defaul t  mappin g i t  wil l  generahs e 

correctly . 

We wil l  demonstrat e tha t  i t  i s  no t  necessar y fo r  thi s 'sea ' 

t o b e densel y populate d fo r  th e networ k t o lear n th e mappin g 

i t  comprises .  Rather ,  i t  i s  th e distributio n o f  th e token s withi n 

th e candidat e defaul t  spac e whic h determine s th e generalisa -

tio n abilitie s o f  th e traine d network .  W e describ e a  connec -

tionis t  mode l  tha t  learn s a  minorit y defaul t  mappin g 

analogou s t o th e Arabi c Broke n Plural .  I n ou r  first  experi -

ment  w e investigate d h o w distributio n affect s th e classifi -

catio n o f  plura l  type s i n a  pseudo-Arabi c plura l  system .  I n 

experimen t  2  w e implemen t  a  fulle r  mode l  o f  th e inflec -

tiona l  proces s 

E X P E R I M E NT 1 

A Connectionist model of the classification of 

Plura l  Type s i n Pseudo-Arabic . 

A simple feedforward network with two input units, fifty 

hidde n unit s an d thre e outpu t  unit s wa s constructe d an d 
traine d usin g th e back-propagatio n learnin g algorith m 

(learnin g rat e 0.15 ,  m o m e n t u m 0) .  Th e trainin g set s con -

siste d o f  rea l  value d co-ordinate s correspondin g t o point s 

on a  tw o dimensiona l  grid .  Eac h poin t  i n th e trainin g se t 

was designate d a s belongin g t o on e o f  thre e classes .  Th e 

classe s wer e tw o 'broken-plural '  group s occupyin g tw o 

discret e area s i n th e spac e an d on e 'default-mapping ' 

grou p sparsel y distribute d acros s th e remainin g space .  Th e 

rati o betwee n broke n plura l  an d soun d plura l  'words '  mir -

ror s th e rati o foun d i n Arabi c (approximatel y 9 0 % broke n 

plurals ,  1 0 % soun d plurals) .  Membershi p i n a  clas s wa s 

signalle d i n th e networ k b y unambiguou s activatio n o f  jus t 

th e appropriat e outpu t  unit .  T w o trainin g set s wer e 

devised : 
TVainin g .se t  #1 :  (Fi g 1.1 )  2  broke n group s containin g 

146 an d 14 4 token s respectively ,  withi n a  wel l  define d 

areas .  2 9 soun d plural s space d randoml y acros s th e 
remainin g spac e (grou p C ) .  Al l  point s ha d a  toke n fre -

quenc y o f  1 .  Thi s distributio n i s  use d a s a  baselin e t o 

investigat e h o w a  networ k wil l  generalis e t o a  comple x 

space . 

Trainin g .se t  #2 :  (Fi g 1.2 )  2  broke n group s o f  14 9 an d 

144 token s each ,  wit h a  unifor m toke n frequenc y o f  1 .  3 0 

soun d plural s space d randoml y acros s th e remainin g 

space ,  howeve r  wit h a  differen t  distributio n t o trainin g se t 

#1 .  Thi s distributio n i s u.se d t o investigat e th e effec t  o f  dis -

tributio n o f  trainin g token s o n th e generalisatio n abilitie s 

of  th e traine d network . 
Tes t  Set :  44 1 point s spannin g th e entir e space ,  allowin g 

th e classificatio n zone s o f  eac h o f  th e thre e 'word '  type s t o 

be determined . 

RESULTS & DISCUSSION 

The outcome of training the network on set #1 summarised 

i n Fi g 2.1 .  Th e figur e plot s th e respons e o f  th e thre e outpu t 

unit s t o al l  th e pattern s i n th e tes t  se t  i n thre e differen t 

point s i n trainin g (500 ,  1000 ,  1000 0 epochs) .  Dar k area s 

indicat e hig h outpu t  activity .  I t  ca n b e see n tha t  th e net -

wor k ha s generalise d t o th e spac e fo r  th e tw o group s o f 

'broke n plurals' .  However ,  th e networ k ha s als o genera -
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fig.  2. 1 output s fo r  trainin g se t  # 1 
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fig. 2.2 outputs for training set #2 
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Figur e 1 .  Resul t s o f 

E x p e r i m e n t  1 . 
Result s ar e give n fo r  eac h o f  th e thre e 
plura l  type s ( 2 broke n plura l  groups , 

A &  B ,  1  soun d plura l  group ,  C ) 
Response s ar e show n fo r  thre e point s I n 
trainin g fo r  eac h simulation ,  epoc h 500 , 

1000 ,  an d 10000 . 
Darke r  area s sho w highe r  response s 

•_ 

•  •  • 

• 

• 

Fi g 1. 1 distributio n o i  trainin g se t  # 1 

lised the zones of space which were unpopulated by training 

exemplars .  Consequently ,  thes e area s hav e no t  bee n treate d 
i n a  minorit y defaul t  fashion .  I n fact ,  th e minorit y defaul t 

are a ha s bee n restricte d t o jus t  th e zone s populate d b y soun d 

plural s i n th e trainin g set .  T o improv e performanc e a  mor e 
representativ e distributio n mus t  b e used . 

The distributio n o f  th e 'soun d plurals '  i n trainin g se t  # 2 

(fig .  1.2 )  force s th e networ k t o generalis e thi s plura l  typ e a s 

th e 'default '  successfully .  I n particular ,  not e tha t  th e periph -
era l  zone s o f  spac e ar e almos t  entirel y generalise d t o th e 

soun d plura l  minorit y default ,  eve n thoug h th e soun d plura l 

trainin g exemplar s populat e th e 'phonologica l  sea '  a s 
sparsel y a s i n th e first  trainin g .set . 

The distributio n o f  th e pattern s i s critica l  t o ensur e tha t 

goo d generalisatio n take s place .  I t  mus t  b e remembere d tha t 
th e bac k propagatio n algorith m merel y find s a  solutio n 
whereb y th e correc t  transformation s occu r  fo r  th e trainin g 
data .  Therefor e a  networ k canno t  necessaril y  b e relie d upo n 
t o generalis e t o a n are a o f  dat a spac e i f  suc h a  .spac e i s no t 

define d appropriatel y i n th e trainin g set .  A n are a nee d no t  b e 
densel y populate d fo r  successfu l  generalisatio n t o tak e place : 

Fi g 1. 2 distributio n o f  trainin g se t  # 2 

a representative spread of low token frequency forms is all 

tha t  i s  required .  Henc e w e hav e demonstrate d tha t  th e 
proble m o f  minorit y defaul t  mappin g i s solvabl e i n con -
nectionis t  mcxlels ,  providin g car e i s take n t o us e a  repre -

sentativ e distributions . 

W O RK I N PROGRESS -  L E A R N I N G T H E 

ARABIC B R O K EN P L U R A L 

A second set of simulations was designed to implement 

th e inflectiona l  proces s o f  th e Arabi c plura l  directl y i n a 
networ k tha t  take s a  phonologica l  representatio n o f  th e 

nou n ste m an d m a p s i t  t o a  phonologica l  representatio n o f 
th e correspondin g plura l  form .  T h e word s ar e represente d 
usin g a  phoneti c codin g schem e adapte d fro m Plunket t  & 
Marchman(1991 )  usin g 7  bit s pe r  p h o n e m e rathe r  tha n 6 , 

th e extr a uni t  fo r  'pharengealised '  t o accoun t  fo r  th e gut -

tura l  sound s i n Arabi c whic h ar e no t  presen t  i n English . 

T h e phonemi c segment s o f  th e inpu t  wer e concatenate d 
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usin g a  schem e adapte d fro m MacWh inne y &  Lein -

bach(1991 )  i n whic h word s ar e represente d i n consonan t  an d 

vowel  'slots '  t o channe l  form s o f  variabl e length .  Th e word ; 

wer e fixe d centrall y aroun d thei r  firs t  radica l  consonan t 

wit h prefixe s inserte d befor e thi s point .  A  feedforwar d ne t 

wor k o f  7 0 inpu t  units ,  10 0 hidde n unit s an d 7 1 outpu t  unit s 

was used .  Th e trainin g se t  consiste d o f  130 0 pseudo-Arabi c 

noun s an d thei r  plura l  form s ( 5 broke n plura l  types ,  arb i 

traril y  selecte d fro m th e 4 0 o r  s o type s foun d i n Arabic ,  o f 

23 4 token s each ,  an d 1 3 o f  th e mos t  frequentl y foun d soun d 

plura l  types ,  o f  1 0 token s each ,  givin g a  'default '  are a o f  13 0 

tokens) .  A  tes t  se t  o f  18 0 word s wa s als o create d (1 0 nove l 

form s o f  eac h o f  th e 5  broke n plura l  types ,  1 0 nove l  form s o f 

eac h o f  th e 1 3 soun d plura l  types) .  Al l  word s hav e a  toke n 

frequenc y o f  1 . 

Trainin g se t  1 3 0 0 w o r d s 

B r o k e n Plural s 

CaCaCun s > 'aCCACu n 
CaCiCun » > CuCUCun 
CaCCun = > CICACu n 

CiCACun s > CuCuCun 
CaCCun = > 'aCCuCu n 

S o u n d 

CaCiC 
muCaCCIC 
muCACIC 

muTaCaCCiC 
muTaCaCiC 
muNCaCiC 

Plural s 

MuCTaCIC 
muCCIC 

muCCaCC 
muSTaCCiC 

CaCiC 
CaCCAN 
CaCCAC 

NB ' C denote s an y consonan t 

TEST SET: 180 words 

10 nove l  form s o f  eac h o f  th e 5  broke n type s 
10 nove l  form s o f  eac h o f  th e 1 3 soun d plura l  type s 

CVCVCVCCVC - > CVCVCVCCVC+ending 
e.g . 

--CaCaC-u n - > -aCCAC--u n 
muTaCaCClC - > muTaCaCClC-fendin g 

Word Coding scheme 
(adapte d fro m MacWhinne y &  Leinbach(1991) ) 

The broken plurals were generated around fixed vowel tem-
plate s take n fro m fiv e broke n type s i n th e language .  Th e 

soun d plural s wer e create d fro m template s take n fro m th e 1 3 

most  frequentl y use d soun d plural s i n Arabic .  Th e networ k 

was initiall y  traine d fo r  5 0 epochs ,  wit h a  learnin g rat e o f  0. 1 

and a  m o m e n t u m o f  0.1 . 

Networ k outpu t  i s analyse d b y determinin g th e closes t  lega l 

phoneme i n Euclidea n spac e fo r  al l  outpu t  phoneme s an d 

the n comparin g eac h phonem e "slot '  wit h it s target . 

30 u 
epoch 

Trainin g Set . 

BroKe n plural i 

20 ^  3 0 
epoc h 

Tasi  Set . 
tto  3 .  Learnin g th e Arabi c Brokn n Plura l  -  Perto f  manc e o t  Networ k 
RESULTS A N D F U T U RE DIRECTION S 

With current parameter settings the network successfully 

learn s th e mapping s betwee n singula r  an d plura l  form s fo r 

75 -80 % o f  th e word s i n th e U-ainin g set .  Eac h o f  th e five 

broke n plura l  group s ar e readil y extracte d fro m th e train -

in g se t  an d generalisatio n t o nove l  broke n plura l  form s i s 

gotx l  (-75%) .  Mappin g transformation s fro m nou n ste m t o 

plura l  for m fo r  nove l  soun d plural s i s  als o successfu l 
(-80%) .  Fi g 3 .  plot s th e network s performanc e ove r  th e 

Th e majorit y o f  error s produce d b y th e networ k i n 

respons e t o nove l  form s ar e error s o n a  singl e bi t  o f  th e 

outpu t  vector ,  usuall y resultin g i n a  sli p fro m on e vowe l  o r 

consonan t  t o a  nearb y phonologica l  neighbou r  (e.g .  b->d , 
a->A) . 

Althoug h networ k performanc e an d generalisatio n i s 

good ,  i t  i s clea r  tha t  i t  coul d b e improved .  I n thes e simula -

tion s w e hav e no t  attempte d t o manipulat e th e toke n fre -

quenc y o f  th e Gainin g forms .  Fro m previou s wor k 

(Plunket t  &  Marchma n (1991)) ,  w e kno w tha t  toke n fre -

quenc y characteristic s ar e crucia l  i n determinin g overal l 

performanc e an d generalisatio n i n problem s o f  thi s 

type.Additiona l  informatio n abou t  toke n frequenc y value s 

fo r  individua l  noun s i n Arabi c wil l  permi t  u s t o evaluat e 
whethe r  toke n frequenc y effect s ar e crucia l  fo r  thi s lan -

guag e a s well . 

It  i s  wort h notin g tha t  th e distributio n o f  th e soun d 

'default '  grou p i s no t  disu-ibute d acros s th e entir e phono -

logica l  space .  I n th e pseudo-Arabi c model ,  soun d plura l 

form s wer e distribute d widel y acros s phoneti c space .  I n 

rea l  Arabi c thi s i s no t  i n fac t  th e case .  Th e distributio n i s 

not  simpl y a  matte r  o f  broke n group s an d a  homogenou s 
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'default '  sea .  Th e soun d plura l  i s  mad e u p fro m man y smal l 

group s displayin g loca l  similarity .  Nove l  word s whic h d o no t 

demonstrat e a  stron g similarit y t o an y o f  th e broke n group s 

ar e classifie d a s soun d plurals . 

Anecdota l  evidenc e fro m nativ e speaker s o f  Arabi c sug -

gest  tha t  thi s generalisatio n characteristi c o f  th e networ k i s 

correct ,  i.e .  Arabi c speaker s wil l  produc e a  broke n plura l 

when th e nove l  for m matche s on e o f  th e broke n plura l  tem -

plates ,  otherwis e the y produc e a  soun d plural . 
We hav e no t  considere d th e developmenta l  implication s o f 

thi s mode l  fo r  differen t  stage s i n th e learnin g o f  th e Arabi c 

plura l  system .  Ou r  mai n concer n ha s bee n t o demonstrat e 

tha t  i t  i s  possibl e t o lear n a  minorit y defaul t  mappin g withi n 

a connectionis t  network .  However ,  i t  i s  clea r  fro m th e result s 

shown i n Fig.2. 2 tha t  broke n plura l  an d soun d plura l  form s 

hav e characteristi c profile s o f  development .  I t  remain s t o b e 
see n whethe r  th e profile s observe d i n th e mode l  matc h thos e 

observe d i n youn g Arabi c children .  Empirica l  wor k wit h 

youn g Arabi c languag e learner s i s projecte d fo r  th e nea r 

future . 
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