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L a n g u a g e T y p e Frequenc y an d Learnability .  A  Connectionis t  Appraisal . 

Ezr a Va n Kvcrbroec k (ezra@ucsd.edu ) 
U C SD Deparlnicn t  o f  Linguistics ;  950 0 Oilma n Driv e 

L a Jolia ,  C A 9209 3 U S A 

Abstrac t 

In this paper, I present experimental data bearing on the 
controversia l  issu e o f  th e possibl e relationshi p betwee n th e 
frequenc y o f  languag e type s an d ho w easil y the y ca n b e 
learnt .  Usin g simple ,  artificia l  language s whic h onl y diffe r 
wit h respec t  t o th e propertie s w e ar e intereste d in ,  I  sho w tha t 
ther e doe s appea r  t o b e a  relationshi p o f  som e kind ,  althoug h 
not  a s stron g a s on e migh t  hav e hoped .  I n particular ,  i f  a 
languag e typ e ca n b e learn t  relativel y easily ,  the n th e model s 
fai l  t o predic t  it s  actua l  frequenc y i n th e rea l  world .  O n th e 
othe r  hand ,  th e connectionis t  model s provid e evidenc e tha t 
th e languag e type s whic h ar e unatteste d o r  highl y infrequen t 
ar e als o impossibl e o r  har d t o learn . 

Introduction 

I t  ha s bee n k n o w n fo r  a  lon g tim e tha t  language s diffe r  i n 
th e way s i n whic h the y expres s 'wh o di d wha t  t o whom?' . 
The thre e mos t  importan t  dimension s o f  thi s variabilit y  are : 
first ,  th e wor d orde r  o f  Subject ,  Objec t  an d Verb ;  second , 
th e presenc e o r  absenc e o f  marker s o n th e Verb ;  and ,  third , 
th e presenc e o r  absenc e o f  marker s o n th e Subjec t  and/o r 
Objec t  (Nichols ,  1986) .  Th e sentence s belo w illustrat e h o w 
th e thre e strategie s work .  Al l  (a )  example s mea n th e sam e 
thing ,  bu t  the y ge t  th e messag e acros s i n a  differen t  wa y — 
notic e tha t  th e wor d orde r  o f  S ,  O  an d V  i n (2 )  an d (3 ) 
remain s constan t  fro m th e (a )  t o th e (b )  sentence . 

1.  (a )  Th e matado r  kille d th e bulls . 

(b )  Th e bull s kille d th e matador . 

2. (a) The matador-he the buUs-them killed. 

(b )  Th e matador-hi m th e bulls-the y killed . 

3. (a) Killed-he-them the matador the bulls. 

(b )  Killed-they-hi m th e matado r  th e bulls . 

The three dimensions are also theoretically independent 
fro m eac h other ,  s o w e ca n imagin e language s whic h 
(redundantly )  combin e a  fixe d wor d orde r  wit h verba l  an d 
nomina l  marking ,  language s wit h non e o f  th e three ,  a s wel l 
as th e si x othe r  logica l  possibilities . 

Thing s ge t  eve n mor e complex ,  however ,  becaus e th e thre e 
dimension s ar e no t  necessaril y  binary .  Fo r  example ,  i n wor d 
orde r  alon e ther e ar e alread y si x possibl e order s o f  S ,  O  an d 
V,  nex t  t o a  'free '  wor d orde r  typ e i n whic h m a n y differen t 
combination s o f  th e word s ar e usuall y possible ,  albei t 
normall y wit h pragmaticall y distinc t  meaning s (Payne , 
1992) .  A n d whe n cas e marker s ar e use d o n th e Subjec t  an d 
Object ,  w e ca n a t  leeis t  distinguis h betwee n accusativ e 
strategies ,  i n whic h (nominative )  S  i s  alway s marke d 

differentl y fro m (accusative )  O ,  ergativ e strategies ,  i n whic h 
th e (absolutive )  S  o f  th e intransitiv e claus e i s  marke d 
similarl y t o th e (absolutive )  O  o f  th e transitiv e claus e bu t 
th e transitiv e S  ha s a  differen t  (ergative )  marke r  (Va n Valin , 
1992) ,  an d unmarke d (o r  null )  strategies . 

So,  w e actuall y hav e a t  leas t  4 2 differen t  languag e type s 
(i.e .  7  wor d order s *  3  type s o f  nomina l  markin g *  2  type s 
of  verba l  marking) .  A s carefu l  stud y o f  thi s m a n y rea l 
language s woul d threate n t o tak e u p a  lifetim e o f  research , 
th e rout e take n her e ha s bee n t o creat e artificia l  language s 
instead ,  an d t o us e connectionis t  model s t o investigat e th e 
latte r  i n a  systemati c manner . 

Give n th e plethor a o f  possibl e languag e types ,  i t  i s  no t 
surprisin g tha t  the y ar e no t  foun d wit h equa l  frequenc y i n 
th e world .  Fo r  example ,  th e type s wit h a  fixed  wor d orde r 
of  S O V accoun t  fo r  abou t  hal f  o f  th e world' s languages , 
wherea s th e type s wit h O S V m a y eve n b e unatteste d (se e 
als o below) .  I n general ,  ther e ar e als o n o k n o w n language s 
whic h consistentl y fal l  o n th e extreme s o f  th e thre e 
dimensions :  i.e .  whic h eithe r  don' t  hav e an y suc h 
mechanis m fo r  signalin g 'wh o di d wha t  t o whom ' ,  o r  whic h 
simultaneousl y emplo y al l  thre e mechanism s i n a  singl e 
sentence .  Whil e ther e ar e goo d common-sens e reason s fo r 
thes e las t  tw o fact s — i.e .  ther e ha s t o b e som e strateg y o r 
al l  communicatio n woul d fail ,  o n th e on e hand ,  an d useles s 
redundanc y i s  no t  likel y whe n i t  waste s resources ,  o n th e 
othe r  han d — th e connectionis t  simulation s t o b e presente d 
belo w ar e a n attemp t  t o explai n th e dat a b y bringin g 
learnabilit y  issue s int o th e pictur e (c f  Christianse n & 
Devli n 1997) .  Th e importan t  question s are : 

• Can a neural network learn the attested language 
types ? 

Wil l  a  neura l  networ k fai l  t o lear n th e unatteste d 
languag e types ? 

•  Wil l  a  neura l  networ k lear n th e mor e frequen t 
languag e type s faster/better ? 

If the answer to all three were to be 'yes', we could claim 
tha t  ther e i s a  stron g causa l  relationshi p betwee n frequenc y 
and learnabilit y o f  languag e types .  However ,  th e 
experimenta l  evidenc e presente d her e onl y warrant s a 
weake r  conclusion . 

Th e structur e o f  thi s pape r  i s a s follows :  i n th e nex t  section , 
I  wil l  presen t  th e availabl e linguisti c frequenc y dat a i n mor e 
detail ,  s o tha t  th e phenomen a t o b e accounte d fo r  ar e clear . 
I n sectio n 3 ,  I  briefl y g o ove r  th e setu p o f  th e simulations . 
Sectio n 4  present s th e result s o f  th e variou s simulations . 
Th e las t  section ,  then ,  wrap s u p th e pape r  an d provide s 
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some languag e acquisitio n evidenc e supportin g th e posite d 
connectio n betwee n learnabilit y  an d frequency . 

Linguistic Frequency Data 

Historically ,  th e focu s i n languag e typologica l  researc h ha s 
bee n o n finding  correlation s betwee n th e wor d order s o t 
viu-iou s pair s lik e adpositio n — N P ,  genitiv e — noun ,  o r  N P 
— relativ e claus e (se e e.g .  Greenber g 1963 ;  Hawkin s 1988 ; 
Dr>e r  1992) .  However ,  suc h correlation s d o no t  pla y a  rol e 
i n th e simulation s reporte d i n thi s pape r  (bu t  se e 
Chrisdanse n &  Devli n (1997 )  an d Va n Everbroec k (i n 
prep )  fo r  relate d wor k i n whic h the y do) ,  becaus e th e 
sentence s use d onl y contai n a  Subject ,  Verb ,  an d possibl y 
an Object . 

The informatio n summarize d i n Tabl e 1  belo w i s muc h 
mor e relevant ,  then ,  a s i t  show s th e frequencie s o f  th e 6 
possibl e fixed  wor d order s o f  S ,  O  an d V  (Tomlin ,  1986 ; 
Dryer ,  1989) .  O n e shoul d kee p i n min d tha t  thes e number s 
contro l  fo r  historica l  an d geographica l  biases ,  s o tha t  onl y 
unrelate d language s ar e take n int o consideration. ' 

Table 1: Language type frequencies. 

so v 

51 % 

sv o 

237r 

vs o 

10 % 

vo s 

9% 

ov s 

.75 % 

os v 

.25 % 

I t  i s  no t  har d t o se e tha t  S O V i s b y fa r  th e mos t  frequen t 
wor d order ,  wit h O V S an d O S V bein g extremel y rar e — th e 
latte r  ma y eve n b e absen t  completel y (Polinskaja ,  1989) . 
The percentage s i n Tabl e I  als o sho w Uia t  Subject-before -
Objec t  language s ar e muc h mor e c o m m o n tha n thei r 
Object-before-Subjec t  counterpart s — compar e Greenberg' s 
(1963 :  77 )  Universa l  1 :  "I n declarativ e sentence s wit h 
nomina l  subjec t  an d object ,  th e dominan t  orde r  i s almos t 
alway s on e i n whic h th e subjec t  precede s th e object. " 
Moreover ,  th e Subject-initia l  S O V an d S V O ar e noticeabl y 
mor e frequen t  tha n eithe r  th e Verb-initia l  o r  th e Object -
initia l  languag e types .  Finally ,  th e missin g 6 % i n Tabl e 1 
account s fo r  fre e wor d orde r  language s lik e Nativ e 
America n Klamat h (Barker ,  1964) . 

Wit h regard s t o th e othe r  tw o dimensions ,  nomina l  markin g 

'  W e ar e no t  intereste d i n th e ra w numbe r  o f  individua l  language s 
whic h exhibi t  a  certai n wor d order ,  partl y becaus e ther e i s stil l  n o 
clea r  definitio n o f  wha t  make s a  languag e a s oppose d t o a  dialect , 
and partl y becaus e w e d o no t  wan t  closel y relate d language s t o coun t 
individually :  e.g .  Germa n an d Dutc h migh t  a s wel l  hav e ende d u p a s 
a singl e languag e i f  histor y ha d take n a  differen t  turn ;  similarly ,  du e 
t o thei r  geographica l  proximit y t o on e another ,  al l  th e language s 
spoke n i n th e Balka n hav e som e linguisti c feature s i n common 
thoug h the y belon g historicall y  t o differen t  groups .  I f  w e onl y loo k 
at  a  singl e representativ e languag e fro m eac h large r  famil y instea d o f 
countin g individua l  languages ,  w e hav e a  muc h bette r  chanc e o f 
capturin g a  universa l  phenomeno n whic h i s independen t  o f  wher e a 
languag e i s spoken . 

and verba l  marking ,  onl y limite d frequenc y informatio n i s 
availabl e (se e Nichol s 198 6 fo r  th e bes t  summar y t o date) . 
I n general ,  languag e type s wit h redundan t  nomina l  an d 
verba l  marking ,  an d languag e type s wit h neithe r  kin d o f 
markin g (a s i n English) ,  ar e les s c o m m o n tha n th e othe r  tw o 
possibilities .  I t  als o appear s tha t  mos t  language s us e som e 
for m o f  verba l  marking ,  thoug h usuall y wit h supplementar y 
informatio n bein g provide d b y eithe r  wor d orde r  o r  nomina l 
marking .  Wit h respec t  t o th e latter ,  i t  seem s saf e t o sa y tha t 
accusativ e system s outnumbe r  ergativ e system s b y a 
considerabl e margin ,  thoug h th e presenc e o f  mixe d system s 
(e.g .  accusativ e fo r  pronouns ,  bu t  ergativ e fo r  othe r 
nominal s — se e Morri s 1998 )  agai n complicate s matter s 
considerably . 

I n summary ,  then ,  a t  leas t  som e o f  th e frequenc y pattern s 
whic h on e woul d expec t  t o find  mirrore d i n th e learnabilit y 
findings  belo w — i f  ther e i s indee d a  connectio n betwee n 
frequenc y an d learnabilit y  — ar e a t  variou s level s o f 
abstractness .  First ,  an y o f  th e thre e strategie s shoul d b e 
sufficien t  i n a t  leas t  som e cases .  Second ,  th e languag e type s 
whic h d o no t  mak e us e o f  wor d orde r  o r  an y kin d o f 
markin g shoul d b e unlearnable .  Third ,  th e one s tha t  ar e 
highl y redundan t  shoul d b e learnable ,  bu t  shoul d no t  offe r 
much o f  a n improvemen t  ove r  thei r  les s verbos e learnabl e 
counterpart s — ther e i s a  productio n an d processin g cos t  t o 
verbosit y (Kirby ,  1997) .  Fourth ,  Subject-initia l  language s 
shoul d b e mor e easil y learnabl e tha n Object-initia l 
languages .  Fifth ,  accusativ e languag e type s shoul d presen t 
fewe r  problem s fo r  th e neura l  network s tha n ergativ e 
languag e types . 

Experimental Setup 

The networ k mode l  use d t o tes t  th e hypothese s jus t 
mentione d follow s th e followin g steps : 

• Generate 42 artificial languages which only differ with 
respec t  t o th e thre e dimensions ; 

•  Trai n a n identica l  networ k o n a  corpu s o f  sentence s o f 
eac h language ; 

Compare 1 )  ho w wel l  eac h languag e typ e i s mastered , 
and 2 )  ho w wel l  th e networ k ca n generaliz e eac h Ume. 

The artificial languages have been generated using simple 
context-fre e grammar s whic h produc e sentence s appropriat e 
t o eac h languag e type .  Fo r  example ,  th e doubl y redundan t 
accusativ e S O V / V N gramma r  generate s transitiv e S O V o r 
intransitiv e S V sentence s i n whic h ther e ar e als o verba l 
marker s (indicate d b y th e fV )  a s wel l  a s nomina l  marker s 
(/N) .  (I f  a  sU-ateg y i s no t  use d i n a  languag e type ,  X' s ar e 
use d instea d o f  th e othe r  letters .  So ,  V O S / X N i s a  V O S 
languag e wit h onl y nomina l  marking ;  X X X A ' X i s th e fre e 
wor d orde r  languag e typ e wit h onl y verba l  marking .  Thes e 
mnemoni c reference s wil l  b e use d constantl y below. ) 

The neura l  networ k architectur e use d i n thes e simulation s 
i s illustrate d i n Figur e 1 .  I t  i s  basicall y a  simpl e recurren t 
neura l  networ k (Elman ,  1992 )  wit h a n extr a recurren t  laye r 
at  th e outpu t  t o provid e i t  wit h mor e memor y capacity .  Th e 
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tas k o f  thi s network ,  whic h see s on e wor d pe r  tim e ste p a t 
th e inpu t  layer ,  i s  t o construc t  a  representatio n a t  th e outpu t 
laye r  whic h show s whic h word s i t  parse s t o b e th e Subject , 
Objec t  o r  Verb . 

Outpu t 

Subj  Ob j  ̂  Ver b 

A • \ 

Recurren t 

48 

Hidde n 

75 

\ 

Recurren t 
75 

Word ste m Affi x Affi x 

Inpu t 

Figur e 1 :  Th e networ k use d i n th e simulations . 

At the input layer, the 26 units encode a single lexical item 
(1 6 unit s wit h alway s exactl y 6  unit s asserted )  an d u p t o 
tw o verba l  o r  nomina l  suffixe s ( 5 unit s each ;  3  unit s 
asserte d fo r  a  suffix) .  Th e corpu s fo r  eac h languag e contain s 
600 noun s an d 10 0 verbs ,  wit h hal f  o f  eac h categor y bein g 
used i n th e trainin g se t  an d th e othe r  hal f  i n th e tes t  set ;  th e 
suffixe s remai n constan t  acros s th e tw o sets . 

At  th e outpu t  layer ,  ther e ar e thre e slot s wit h 1 6 unit s — 
one slo t  eac h fo r  S ,  O  an d V .  Hence ,  a s th e networ k see s 
each o f  th e word s i n a  sentenc e simila r  t o Englis h 'The y se e 
me' ,  i t  ha s t o pu t  th e lexica l  ite m representatio n fo r  'they '  i n 
th e first  slot ,  the n ad d tha t  o f  'see '  t o th e thir d slot ,  an d 
finally  tha t  o f  'me '  i n th e second .  Eac h sentenc e i s followe d 
by a  tim e ste p i n whic h th e patter n fo r  th e entir e sentenc e 
has t o b e maintained ,  an d the n a  rese t  signa l  i s  sen t  t o th e 
network .  I t  i s  a t  th e maintenanc e tim e ste p tha t  th e 
performanc e o f  th e networ k o n eac h sentenc e i s calculated . 
For  a  sentenc e t o b e correct ,  th e patter n o f  activatio n i n eac h 
of  th e thre e outpu t  slot s ha s t o b e closes t  i n Euclidea n spac e 
t o th e targe t  word .  A s soo n a s a  singl e wor d doe s no t  matc h 
th e correc t  output ,  th e entir e sentenc e i s considere d 
incorrect . 

For  training ,  eac h networ k see s a  corpu s o f  3,00 0 sentence s 
of  th e relevan t  languag e (e.g .  S V O / X N )  fo r  1 0 epochs .  Th e 
backpropagatio n algorith m i s use d t o adjus t  th e weights , 

wit h a  learnin g rat e o f  0.15 .  Fo r  generalizatio n testing ,  then , 
anothe r  corpu s o f  3,00 0 sentence s (bu t  wit h completel y 
differen t  noun s an d verbs )  i s presente d t o th e networ k an d 
th e performanc e determined .  I n th e nex t  section ,  th e 
number s reflec t  th e percentage s o f  sentence s correctl y 
processe d o n th e trainin g an d th e tes t  set . 

Results and Discussion 

Fixed Word Order and Accusative Marking 

The result s o f  th e simulation s wit h th e fixe d wor d orde r 
languag e type s wit h accusativ e N-markin g ar e show n i n 
Tabl e 2  below .  I f  w e jus t  loo k a t  th e Subject-before-Objec t 
languages ,  w e find  excellen t  performanc e o n th e trainin g se t 
(>97% )  a s wel l  a s th e tes t  se t  (>93% ,  wit h on e exception) . 

The 23.7 % tes t  se t  performanc e fo r  S O V / X X ,  however ,  i s 
actuall y a  positiv e result ,  becaus e i t  meshe s wel l  wit h 
Greenberg' s (1963 :  96 )  Languag e Universa l  41 ,  whic h 
specifies :  "I f  i n a  languag e th e ver b follow s bot h th e 
nomina l  subjec t  an d th e nomina l  objec t  a s th e dominan t 
order ,  th e languag e almos t  alway s ha s a  cas e system" . 
Hence ,  S O V / X X i s a  languag e typ e whic h i s extremel y rar e 
among th e language s o f  th e world ,  an d th e fac t  tha t  th e 
networ k ha s problem s wit h th e tes t  se t  i s  compatibl e wit h 
th e posite d relationshi p betwee n frequenc y an d leamability . 

Table 2: Percentages of sentences correctly analyzed 
(accusativ e N-marking ;  fixed  wor d orde r  languages) . 

j v s o 

1 
r 

sv o 

so v 

' ,  ''' •  '«. . 

XX 

XN 

VX 

VN 

XX 

XN 

VX 

VN 

XX 

XN 

VX 

VN 

Trai n 

100 

100 

100 

100 

99. 9 

99. 9 

99. 9 

99. 9 

84. 4 

98. 4 

97. 4 

100 

Test 

99. 0 

99. 6 

98. 1 

98. 7 

95. 5 

95. 9 

97. 0 

97. 9 

23. 7 

97. 3 

93. 9 

98. 8 

VOS" 

„ 

% 

ov s 

''• i 

Trai n 

75. 9 

99. 9 

80. 0 

100 

81. 2 

93. 3 

•  '  m 96. 9 
I 

CSV 

99. 9 

24. 9 

99. 9 

21. 2 

99. 0 

Test 

28. 0 

98. 0 

50. 0 

98. 3 

12. 4 

87. 5 

91. 9 

99. 2 

16. 3 

99. 1 

17. 1 

99. 0 

I t  turn s ou t  tha t  ther e i s a  ver y goo d reaso n fo r  th e ba d 
performanc e o n th e S O V / X X tes t  set :  whe n on e 'hears '  a 
sentenc e wit h al l  ne w words ,  an d th e word s ar e als o 
unmarke d (i.e .  ther e i s n o marke r  distinguishin g eve n th e 
noun s fro m th e verbs) ,  i t  i s  impossibl e t o kno w whethe r  th e 
secon d wor d i n th e sentenc e i s th e Objec t  o f  a  transitiv e 
claus e (i n S O V ) ,  o r  th e Ver b o f  a n intransitiv e claus e (i n 
S V)  — al l  on e ca n kno w i s tha t  i t  i s  th e secon d wor d i n th e 
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sentence .  Hence ,  th e networ k hedge s it s het s an d spread s 
partia l  activatio n ove r  bot h th e Objec t  an d th e Ver b unit s a t 
th e output .  Thoug h i n theor y th e presence/absenc e o f  a  thir d 
wor d i n th e sentenc e ca n disambiguat e betwee n th e tw o 
option s — i f  anothe r  wor d follows ,  i t  mus t  b e th e Verb ,  s o 
th e secon d wor d mus t  hav e bee n th e Objec t  — th e networ k 
fail s  t o recove r  sufficientl y (i.e .  remov e activatio n fro m th e 
incorrec t  unit s an d full y activat e th e correc t  ones )  b y th e 
tim e performanc e i s determined. ^ 

I f  w e n o w tur n ou r  attentio n t o th e twelv e Object-before -
Subjec t  languag e types ,  w e find  tha t  th e network s i n genera l 
hav e a  harde r  tim e learnin g the m — especiall y 
generalizatio n i s ofte n problematic .  A s wit h S O V / X X ,  th e 
languag e type s withou t  an y kin d o f  markin g ar e ver y ba d 
performers ,  an d the y ar e als o infrequen t  o r  unattested .  I f 
verba l  markin g i s added ,  onl y O V S benefit s enoug h t o 
produc e a  usefu l  communicativ e syste m ( > 9 0 % o n trainin g 
and tes t  set) ,  becaus e th e Ver b n o w separate s th e tw o 
ambiguou s nominals .  Wit h nomina l  case-marking ,  o n th e 
othe r  hand ,  al l  th e resultin g system s appea r  learnable ,  b e 
the y / X N o r  A 'N .  Still ,  a s wit h th e Subject-before-Objec t 
languag e types ,  w e agai n find  tha t  th e / V N type s ten d t o 
hav e littl e o r  n o advantag e ove r  thei r  / X N counterpart s — a 
findin g whic h i s expecte d i f  w e assum e tha t 
speakers/hearer s woul d prefe r  t o avoi d overl y redundan t 
and verbos e systems . 

I t  i s  als o wort h pointin g ou t  tha t  O S V / X X an d O S V A ' X 
ar e th e onl y tw o languag e type s fo r  whic h no t  eve n th e 
trainin g se t  i s learn t  successfully .  O S V / V N i s unrealisti c i n 
tha t  i s  highl y redundant .  Thi s leave s u s wit h O S V / X N a s a n 
apparentl y viabl e typ e fo r  th e network ,  thoug h i t  ma y b e 
unatteste d a m o n g natura l  languages .  A  possibl e explanatio n 
her e m a y b e tha t  cas e system s ten d t o degrad e ove r  tim e 
(Venneman ,  1975) ,  whic h woul d resul t  i n unleamabl e 
language s wit h O S V .  Hence ,  thi s basi c wor d orde r  woul d 
automaticall y becom e extinc t  ove r  time . 

Finally ,  I  wan t  t o retur n t o th e genera l  frequenc y hierarch y 
give n earlie r  i n Tabl e 1 ,  an d it s counterpar t  i n Tabl e 2 .  I t 
turn s ou t  tha t  on e ca n find  interestin g parallel s betwee n thi s 
hierarch y o n th e on e hand ,  an d a  compariso n o f  th e absolut e 
orde r  o f  Subject ,  Objec t  an d Ver b i n transitiv e an d 
intransitiv e sentences ,  o n th e othe r  hand .  Thi s i s diagrame d 
i n Tabl e 3  below . 

Tabl e 3 :  Relationshi p betwee n transitiv e an d intransitiv e 
clause s i n term s o f  absolut e wor d order . 

^  Thi s findin g demonstrate s tha t  th e simpl e recurren t  networ k 
architectur e use d her e doe s no t  perfor m wel l  whe n ther e i s a  heav y 
memory loa d — i.e .  i t  ha s t o stor e th e exac t  identit y o f  th e secon d 
wor d i n th e recurren t  laye r  whe n i t  wait s fo r  th e thir d word .  A n 
architectur e i n whic h suc h a  wor d coul d b e store d i n a  dedicate d 
buffe r  woul d obviousl y hav e a  bette r  chanc e o f  dealin g wit h thi s task . 
Alternatively ,  th e type s S O V A ' X an d S O V / X N solv e th e proble m b y 
disambiguatin g th e wor d form s throug h th e us e o f  morphologica l 
markers .  On e shoul d als o kee p i n min d tha t  th e generalizatio n tas k 
whic h th e networ k face s i s unrealisticall y har d i n tha t  i t  ha s t o 
proces s sentence s i n whic h al l  th e word s ar e completel y unknown . 

1 

V S  0 
V s 

/  / 

S V  0 
S V 

/  / 

S 0  V 
S V 

/  X 

1 

V 0  s 
V S 

/  X 

O V S 
V S 

X X 

O S V 
S V 

X X 

Notic e tha t  wit h V S O an d S V O ,  th e fixed  wor d orde r  i s 
actuall y mos t  usefu l  i n tha t  i t  guarantee s tha t  th e Ver b an d 
Subjec t  wil l  alway s appea r  i n th e sam e slo t  — thereb y 
facilitatin g processing .  Wit h S O V an d V O S ,  onl y th e first 
wor d remain s constant ;  wit h th e infrequen t  O V S an d O S V 
types ,  ther e i s n o overla p betwee n transitiv e an d intransitiv e 
sentence s a t  all .  Tabl e 3 ,  however ,  doe s no t  explai n a t  al l 
why S O V actuall y account s fo r  5 1 % o f  th e world' s 
languag e types ,  an d V S O fo r  onl y 1 0 % .  I  wil l  retur n t o thi s 
quandar y i n th e genera l  discussion ,  bu t  le t  m e simpl y 
mentio n tha t  th e psychologica l  primac y o f  agentive/animat e 
Subject s i s likel y involved . 

Fixed Word Order and Ergative Marking 

Let  u s n o w tak e a  loo k a t  th e result s fo r  th e ergativ e 
languag e type s i n Tabl e 4 .  Recal l  tha t  i n a n ergativ e 
language ,  th e O  o f  th e transitiv e clause s i s treate d similarl y 
t o th e S  o f  th e intransitiv e claus e (bot h ar e semantica l 
Patient s mos t  o f  th e time) ,  wherea s th e S  o f  th e transitiv e 
claus e (usuall y th e Agent )  receive s differen t  marking .  Fo r 
th e Subject-before-Objec t  languag e types ,  w e find  a n 
almos t  identica l  pictur e t o th e on e i n Tabl e 2  above .  Al l 
languag e type s ar e learnabl e an d ca n b e generalize d fro m 
quit e well ,  excep t  fo r  th e rar e languag e typ e S O V / X X . 
(Obviously ,  th e / X X languag e type s ar e reall y identica l  t o 
th e one s fro m th e accusativ e set .  The y ar e repeate d her e fo r 
completeness ,  an d t o giv e som e ide a o f  th e rang e o f 
variatio n betwee n differen t  simulation s o f  th e sam e type. ) 

The fac t  tha t  th e Subject-before-Objec t  ergativ e languag e 
type s ca n b e learn t  easil y i s  a n encouragin g finding,  becaus e 
suc h language s d o certainl y exist .  W h e n w e tur n t o th e 
Object-before-Subjec t  languages ,  however ,  w e find a 
differen t  pictur e — eve n a  cursor y glanc e suffice s t o se e tha t 
th e percentage s ar e generall y m u c h lowe r  tha n thos e fo r  th e 
accusativ e counterparts .  Bu t  fo r  thre e O V S types , 
performanc e o n th e trainin g se t  i s down ,  an d generalizatio n 
als o turn s ou t  t o b e quit e problemati c i n almos t  al l  cases . 
For  O V S ,  th e redeemin g featur e appear s t o b e tha t  th e Ver b 
separate s th e nouns ,  whic h make s i t  easie r  t o tel l  S ,  O  an d V 
apart .  Wit h th e V O S types ,  th e network s ar e rot e learnin g 

758 



th e trainin g set ;  a  strateg y whic h fail s miserabl y whe n th e 
ne w word s i n th e tes t  se t  ar e presented .  An d thing s ar e eve n 
wors e fo r  th e — luckil y unatteste d — O S V languag e types , 
becaus e thes e network s fai l  t o eve n pic k u p anythin g usefu l 
i n th e trainin g set . 

Table 4: Percentages of sentences correctly analyzed 
(ergativ e N-marking ;  fixed  wor d orde r  languages) . 

Tabl e 5 :  Percentage s o f  sentence s correctl y analyze d 
(accusative/ergativ e marking ;  fre e wor d orde r  languages) . 

vs o 

sv o 

so v 

"̂. . 

XX 

XN 

v x 

VN 

XX 

XN 

VX 

VN 

XX 

XN 

VX 

VN 

Trai n 

99. 9 

99. 9 

99. 9 

99. 9 

99. 9 

99. 9 

100 

99. 9 

80. 5 

98. 3 

98. 2 

99. 9 

Tes t 

98. 0 

98. 6 

98. 6 

98. 6 

96. 8 

96. 1 

96. 7 

97. 5 

21. 7 

98. 3 

95. 4 

99. 4 

V O SJ 

,  j i 
w^^ H 

~̂ ^ B 

OV̂  

''- H 
^'^ 1 

^ ^ 

OSV 

;  J 

^ d 
M 

Trai n 

84. 8 

66. 9 

76. 9 

79. 2 

73. 2 

98. 5 

97. 9 

99. 8 

12. 9 

12. 5 

11. 8 

12. 2 

Test 

33. 1 

40. 5 

42. 0 

49. 5 

14. 4 

96. 6 

92. 3 

99. 0 

4. 2 

4. 4 

4. 1 

3. 4 

What  i s s o difficul t  abou t  ergativ e nomina l  markin g an d 
Object-before-Subjec t  languages ? I n short ,  th e cas e marker s 
ar e n o longe r  helpfu l  fo r  tellin g th e Subjec t  an d Objec t 
apart .  Wit h a n accusativ e system ,  a n accusativ e alway s 
signal s a n Object ;  th e nominativ e alway s a  Subject .  Bu t  i n 
an ergativ e system ,  Subject s ca n b e marke d eithe r  wit h th e 
absolutiv e (intransitive )  o r  th e ergativ e (transitive )  marker . 
Object s wil l  alway s appea r  wit h th e absolutiv e case ,  bu t  th e 
ambiguit y ha s alread y bee n introduce d int o th e system .  A n d 
as before ,  th e network s fai l  t o recove r  fro m suc h a n initiall y 
ambiguou s inpu t  sequence :  i n theory ,  th e presenc e o r 
absenc e o f  a n ergativ e for m shoul d allo w th e networ k t o 
figure  ou t  th e grammatica l  rol e o f  th e absolutiv e marke d 
noun ,  bu t  thi s doe s no t  see m t o happen. ' 

Free Word Order 

The final  se t  o f  result s ar e show n i n Tabl e 5 .  The y ar e fo r 
th e fre e wor d orde r  languages ,  bot h accusativ e an d ergative . 

'  Additiona l  trainin g wit h th e curren t  networ k doe s no t  alleviat e thi s 
problem ,  bu t  Bil l  Morri s (persona l  communication )  ha s foun d tha t  a 
much large r  Elma n ne t  ca n b e taugh t  t o handl e suc h pattern s muc h 
better .  Still ,  on e woul d expec t  languag e type s whic h requir e mor e 
resource s tha n other s t o b e a t  a  competitiv e disadvantag e whe n 
childre n hav e t o acquir e them ,  and ,  therefore ,  t o b e eithe r  absent ,  o r 
ver y rar e — c f  Kirb y 1997 . 

Ace 

XXX X X 

XN 

VX 

^ ^ ^  V N 

Trai n 

15. 0 

84. 7 

45. 3 

99. 0 

Tes t 

2, 3 

75. 1 

33. 8 

94. 0 

Erg 

XXX 

Trai n Tes t 

11. 5 1. 5 

J 32. 2 25. 8 

^ M 40. 5 29. 1 

i f l 
38. 3 19. 2 

I t  i s  eas y t o se e tha t  fre e wor d orde r  language s a s 
implemente d her e — i.e .  wit h a  completel y rando m wor d 
orde r  — ar e generall y harde r  t o lear n tha n thei r  fixed  wor d 
orde r  counterparts .  Onl y th e accusativ e X X X A ' N typ e 
perform s adequately .  However ,  ergativ e X X X A ' N i s 
actuall y als o attested ,  thoug h th e simulation s woul d no t 
predic t  this .  Althoug h th e answe r  m a y li e i n th e overl y 
rando m natur e o f  th e fre e wor d orde r  simulate d here ,  thi s 
issu e doe s requir e furthe r  attention . 

General Discussion and Conclusion 

The motivatio n o f  thi s pape r  ha s bee n t o explor e th e 
possibl e relationshi p betwee n frequenc y o f  languag e types , 
and thei r  learnability .  W e hav e see n tha t  fou r  o f  th e five 
prediction s formulate d earlie r  find  suppor t  i n th e 
connectionis t  simulations :  first,  th e languag e type s whic h 
do no t  us e an y o f  th e thre e (i.e .  X X X / X X )  ar e unleamable . 
Second ,  languag e type s whic h ar e highl y redundan t  (e.g . 
SVOA'^N )  d o no t  hav e a  significan t  advantag e — i f  a t  al l  — 
ove r  th e simple r  S V O A ^ X o r  S V O / X N ,  s o th e latte r  shoul d 
be preferre d b y processin g cos t  sensitiv e mechanisms . 
Third ,  th e Subject-before-Objec t  languag e type s ar e indee d 
much easie r  t o lear n tha n thei r  les s frequen t  Object-before -
Subjec t  counterparts .  Fourth ,  accusativ e languag e type s a s a 
grou p ar e apparentl y easie r  fo r  a  simpl e recurren t  neura l 
networ k tha n simila r  ergativ e types .  Wit h respec t  t o th e fifth 
prediction ,  namel y tha t  al l  thre e strategie s (wor d order ,  ver b 
marking ,  nomina l  marking )  shoul d b e independentl y 
capabl e o f  expressin g 'wh o di d wha t  t o whom' ,  w e hav e 
foun d tha t  thi s bi t  o f  conventiona l  linguisti c wisdo m i s no t 
supporte d b y th e simulations :  X X X A ^ X i s no t  a  learnabl e 
type .  O n th e othe r  hand ,  addin g verba l  markin g t o a  fixed 
wor d orde r  o r  nomina l  markin g doe s mak e th e tas k o f  th e 
networ k noticeabl y easie r  i n a  numbe r  o f  th e simulations . 

Othe r  findings  whic h ar e compatibl e wit h th e 
typologica l  dat a ar e th e ba d performanc e o n S O V / X X 
(Greenberg ,  1963) ;  th e fac t  tha t  V-initia l  language s prefe r 
verba l  markin g (Nichols ,  1986) ;  an d th e fac t  tha t  fre e wor d 
orde r  language s generall y occu r  wit h cas e system s (Payne , 
1992) . 

However ,  w e hav e als o see n tha t  th e networ k result s d o 
not  m a p perfectl y ont o th e frequencie s observe d i n th e rea l 
world :  e.g .  th e V S O network s generall y perfor m m u c h 
bette r  tha n thei r  frequenc y woul d lea d on e t o expect . 
Similarly ,  som e o f  th e Object-before-Subjec t  languag e 
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types ,  o r  th e ergativ e type s ar e no t  a s Irequen t  a s th e 
modelin g result s predict .  Also ,  ther e i s a t  leas t  on e languag e 
type ,  ergativ e X X X A ' N ,  whic h i s atteste d bu t  o n whic h th e 
model  perform s badly . 

Ther e ar e tw o differen t  approache s t o thes e criticisms : 
one i s t o mak e th e model s mor e comple x — e.g .  b y addin g 
semantic s an d perceptua l  salienc e fo r  Subject s (Langacker , 
1993) ,  on e coul d buil d i n a  psychologicall y plausibl e bia s 
fo r  S V O an d S O V .  Th e othe r  on e i s t o tak e th e networ k 
result s a t  fac e valu e an d us e the m a s a  heuristi c fo r  furthe r 
investigation :  i f  a  languag e typ e appear s t o b e unlearnable , 
the n i t  ma y emplo y other ,  compensator y mechanism s (e.g . 
tone )  t o expres s 'wh o di d wha t  t o whom' .  Th e simulation s 
tel l  u s wher e t o loo k fo r  suc h mechanisms . 

So.  h o w tigh t  i s th e relationshi p betwee n frequenc y an d 
leamability ? Th e simulation s presente d her e d o no t  justif y a 
stron g causa l  connectio n betwee n th e two ,  bu t  the y d o len d 
suppor t  t o a  weake r  position .  Namely ,  the y ca n tel l  u s 
whic h languag e type s ar e unatteste d becaus e the y ar e 
impossibl e t o lear n an d whic h one s ar e unatteste d becaus e 
the y ar e overl y redundant .  I f  a  languag e typ e i s attested , 
however ,  the n th e network s fai l  t o predic t  it s  frequency .  I t 
seems saf e t o assum e tha t  othe r  factors ,  mor e historica l  an d 
geographica l  i n nature ,  determin e th e actua l  frequenc y o f  a 
languag e type ,  jus t  a s the y determin e th e numbe r  o f  th e 
speaker s o f  an y give n language . 

Thi s conclusio n shoul d no t  reall y com e a s a  surprise . 
Chrisdanse n &  Devli n (1997 )  foun d tha t  thei r  neura l 
network s ha d a  harde r  tim e learnin g languag e type s wit h 
head-dependen t  wor d orde r  inconsistencie s — exactl y th e 
type s whic h ar e als o les s frequen t  i n th e rea l  world .  An d 
some tim e ago ,  Slobi n &  Seve r  (1982 )  reporte d tha t 
childre n acquirin g differen t  languag e type s d o indee d diffe r 
significantl y i n ho w fas t  the y lear n t o understan d 'wh o di d 
what  t o w h o m '  i n thei r  nativ e languages .  Fo r  example , 
infant s learnin g Turkis h ( a languag e wit h abundan t  an d 
unambiguou s nomina l  marking )  ar e muc h bette r  a t  thi s tas k 
tha n infant s acquirin g Serbo-Croada n (whic h require s 
attentio n t o wor d orde r  an d ofte n ambiguou s cas e markers) . 
Childre n ar e somewha t  lik e neura l  network s then ,  a t  leas t 
wit h respec t  t o thi s task . 
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