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T h e Rol e o f  Frequenc y i n Model in g Doubl e Dissociation s 

Laur a M.  Gonnerma n (laura@G1ZM0.USC.EDU ) 
Michae l  W.  Har m (mharm@GIZMO.USC.EDU) 
Elain e S.  Anderse n (elaine@gizmo.USC.edu ) 

Progra m i n Neural ,  Informational ,  an d Behaviora l  Science s 
Universit y o f  Souther n California ,  Lo s Angele s C A 9(X)89-252 0 

Introduct io n 

Connectionis t  model s hav e bee n use d t o demonstrat e tha t 
doubl e dissociation s ca n aris e i n non-modula r  systems .  I n a 
recen t  paper ,  Bullinari a an d Chate r  (1995 )  argu e agains t  thi s 
genera l  approach ,  questionin g th e reliabilit y  o f  doubl e dis -
sociation s produce d i n non-modula r  systems .  Focusin g o n 
doubl e dissociation s base d o n rule s versu s exceptio n cases , 
the y creat e simulation s whic h sho w tha t  i n large-scale ,  full y 
distribute d networks ,  th e rul e base d exemplar s ar e retained , 
and th e exceptio n case s ar e lost .  Th e opposit e dissociation , 
w h a e th e exception s ar e spare d an d th e rule s ar e lost ,  i s onl y 
obtaine d i n small-scale ,  les s biologicall y plausibl e networks . 
Base d o n thes e results ,  the y challeng e th e logi c o f  usin g con -
nectionis t  simulation s t o refut e th e modularit y hypothesis . 

Bullinari a an d Chater' s simulation s ar e base d o n artificia l 
trainin g exampl e sets .  Whil e the y manipulate d regularity , 
havin g som e example s tha t  wer e rul e governed ,  an d other s 
tha t  wer e exceptions ,  the y faile d t o manipulat e th e relativ e 
frequencie s o f  th e trainin g exemplars . 

The frequenc y o f  differen t  token s an d type s i n natura l  lan -
guag e ha s bee n explore d i n severa l  domains .  Fo r  example , 
childre n acquir e mor e frequen t  form s earlie r  tha n les s fre -
quen t  one s (e.g .  Clar k &  Berman ,  1984) ,  an d exception s 
tha t  ar e lo w i n frequenc y ten d t o b e regularize d ove r  tim e 
throug h diachroni c processe s o f  languag e chang e (Haiman , 
1994) .  I n addition ,  ther e i s a n interactio n observe d betwee n 
frequency  an d regularity ,  suc h tha t  hig h frequenc y item s ar e 
les s affecte d b y irregularit y (Seidenber g e t  al. ,  1984) .  There -
fore ,  th e frequenc y o f  a n irregula r  ite m i s fundamenta l  t o an y 
consideratio n o f  it s  behavio r  i n a  languag e system . 

We hypothesize d tha t  Bullinari a an d Chate r  faile d t o ge t  a 
doubl e dissociatio n becaus e thei r  trainin g se t  di d no t  reflec t 
th e frequenc y propertie s o f  natura l  language .  Workin g withi n 
thei r  paradigm ,  w e explor e thi s hypothesis ,  examinin g bot h 
th e frequenc y o f  differen t  token s an d th e distributio n o f  type s 
i n th e simulation s describe d below . 

The Models 

The model s describe d her e wer e th e sam e a s thos e i n Bul -
linari a an d Chate r  (1995) ,  excep t  tha t  th e frequenc y o f  th e 
trainin g exemplar s wa s manipulated .  T w o trainin g set s wer e 
create d base d o n th e stimul i  use d b y Bullinari a an d Chater : 
on e wa s comprise d o f  rul e an d sub-rul e exemplars ;  th e othe r 
consiste d o f  rule s an d exceptions .  Th e Englis h pas t  tens e i s a n 
exampl e o f  a  languag e syste m tha t  incorporate s rule-governe d 
(bake-bakecf) ,  sub-rul e (ring-rang ,  sing-sang) ,  an d exceptio n 
(go-went )  cases .  Therefore ,  trainin g exemplar s wer e assigne d 

frequency  value s accordin g t o th e actua l  frequenc y disuibu -
tio n o f  th e Englis h pas t  tense .  I n training ,  w e weighte d th e 
erro r  signa l  accordin g t o th e ra w frequenc y valu e assigne d t o 
eac h exemplar .  Fo r  th e first  se t  o f  simulations ,  th e hidde n uni t 
laye r  include d 10 0 units ,  whil e fo r  th e large r  models ,  6(X )  hid -
den unit s wer e used .  Th e model s wer e damage d i n tw o ways , 
by removin g eithe r  hidde n unit s o r  connections . 

Results and Discussion 

As expected ,  th e smal l  network s wit h th e frequenc y manip -
ulatio n demonsQ'ate d doubl e dissociations ;  i n som e instance s 
performanc e o n th e rule-governe d item s wa s wors e tha n per -
formanc e o n th e sub-rul e o r  exceptio n items ,  an d i n othe r 
case s th e revers e patter n occurred .  However ,  i n contras t  t o 
Bullinari a an d Chater' s simulations ,  ou r  larg e network s als o 
produce d th e doubl e dissociation ,  suc h tha t  o n relativel y rar e 
occasion s (a s wit h patients) ,  th e sub-rule s o r  exception s wer e 
spare d compare d t o th e rules . 

The simulation s reporte d her e sho w tha t  frequenc y manip -
ulation s ar e crucia l  fo r  creatin g robus t  network s tha t  lea m 
sub-rule s a s wel l  a s tru e exceptions .  I t  i s a  wel l  establishe d 
fac t  i n natura l  languag e tha t  lo w frequenc y exception s ar e 
regularize d b y children ,  los t  i n brai n damage ,  an d regularize d 
ove r  tim e throug h diachroni c processe s o f  languag e change . 

I n ligh t  o f  th e result s presente d here ,  th e challeng e Bulli -
nari a an d Chate r  se t  fort h t o connectionis t  researcher s ma y 
wel l  b e me t  i f  consideration s o f  th e natur e o f  th e input ,  i n 
thi s instanc e th e frequenc y o f  irregula r  an d exceptio n cases , 
i s take n int o accoun t  i n simulatin g natura l  languag e an d brai n 
damage. 
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