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A n Exper imenta l  Tes t  o f  Rule-lik e N e t w o r k Per fo rmanc e 

Maartj e E .  J .  Raijmaker s &  P.C.M .  Molenaa r 
Dcpt .  o f  Psychology ,  Universit y o f  Amsterdam ,  Roetersst r  15 ,  101 8 W B Amsterdam ,  Th e Netherland s 

o p _ r a i j m a k e r s @ i n a c m a i l . p s y . u v a . n l 

I n t r o d u c t i o n 
To wha t  exten t  ca n th e behavio r  o f  a  neura l  networ k perfor -
min g a  classificatio n task ,  fo r  exampl e th e balanc e scale ,  b e 
calle d rul e based ? O n th e on e hand ,  obviously ,  explici t  rule s 
ar e no t  available ,  althoug h th e response s o f  a  networ k migh t 
be consisten t  wit h rules .  O n th e othe r  hand ,  network s ar e 
not  though t  t o lear n full y i n accordanc e wit h behavioris t 
theorie s an d ar e believe d t o hav e particula r  cognitiv e proces -
sin g propertie s suc h a s selectiv e encodin g o f  inpu t  patterns . 
The hidde n unit s shoul d functio n a s mediatin g concepts . 
However ,  i t  i s  impossibl e t o stud y th e interna l  stat e o f  th e 
human brai n i n th e sam e detai l  a s th e interna l  structur e o f  a 
neura l  network .  W e propos e a  simpl e empirica l  tes t  fo r 
neura l  network s tha t  discriminate s betwee n th e formatio n o f 
stimulus-drive n association s an d th e formatio n o f  cognitiv e 
concepts :  th e discrimination-shif t  tas k (Kendler ,  1995) . 

Discrimination-Shift Task 
I n th e discrimination-shif t  tas k subject s lear n t o discriminat e 
on th e basi s o f  reinforcemen t  contingencie s betwee n fou r 
stimul i  whic h ar e presente d i n tw o distinc t  pairs .  Th e stimu -
l i  ar e distinguishabl e o n tw o dimensions :  fo r  example ,  shap e 
(round/triangle )  an d colo r  (white/black) .  Eac h stimulu s pai r 
appear s i n tw o configuration s o f  whic h onl y th e position s o f 
th e stimul i  differ .  Th e experiment s star t  wit h a  pre-shif t 
phas e durin g whic h a n initia l  discriminatio n o f  th e stimul i 
i s learned .  Th e pre-shif t  phas e continue s unti l  th e numbe r  o f 
correc t  response s i n a  sequenc e o f  adjacen t  trial s meet s a 
give n criterion .  Th e pre-shif t  i s followe d b y eithe r  a  reversa l 
shif t  (RS )  o r  a n extradimensiona l  shif t  (EDS) .  I n bot h cases , 
th e reinforcemen t  i s change d withou t  informin g th e subject . 
A R S implie s tha t  al l  stimul i  tha t  receive d positiv e 
reinforcemen t  ge t  negativ e reinforcement ,  an d vic e versa .  A n 
E DS mean s tha t  th e dimensio n upo n whic h th e reinforce -
ment  i s based ,  shap e o r  color ,  i s  shifted .  Accordin g to ,  fo r 
example ,  Kendle r  (1995 )  animal s lear n a  simpl e discrimina -
tio n tas k b y formin g simpl e stimulus-drive n associations , 
sinc e the y lear n a n E D S faste r  tha n a  R S ,  an d human s (olde r 
tha n 6  years )  lear n th e sam e tas k b y formin g mediate d con -
cepts ,  sinc e the y lear n a  R S faste r  tha n a n E D S . 

We applie d th e tes t  an d relate d task s t o a  PDP-mode l  tha t 
i s previousl y use d t o simulat e th e acquisitio n o f  increasingl y 
comple x rule s o n th e balanc e scal e tas k (McClellan d & 
Jenkins ,  1991) .  W e varie d th e numbe r  o f  hidde n unit s an d 
th e connectio n structur e betwee n inpu t  an d hidde n units , 
bein g constraint ,  C ,  o r  unconstrained ,  U C .  Mos t  teste d net -
wor k architecture s lear n a n E D S faste r  tha n a  R S .  Thi s ac -
cord s wit h behavioris t  models .  Th e 8-2- 2 C  network s sho w 
no differenc e betwee n th e numbe r  o f  learnin g cycle s i n th e 
RS phas e an d th e E D S phase .  Thi s give s n o clea r  indicatio n 
fo r  th e learnin g m o d e o f  thi s network .  Therefore ,  th e 8-2- 2 
C network s ar e examine d b y mean s o f  a  trial-by-tria l  analy -

sis .  Th e resul t  o f  thi s analysi s agree s full y wit h prediction s 
fro m behavioris t  theorie s an d result s o f  4-year-ol d children . 

Optional-Shift Task 
A secon d experimental  desig n i s th e optional-shif t  tas k 
(Kendler ,  1995) .  Th e optiona l  shif t  tas k start s wit h th e sam e 
pre-shif t  phas e a s th e firs t  describe d task .  Durin g th e phas e 
tha t  follows ,  th e shift-discriminatio n phase ,  onl y on e o f  th e 
tw o stimulu s pair s i s learne d wit h reverse d reinforcement , 
suc h tha t  th e reinforcemen t  o f  thi s stimulu s pai r  agree s wit h 
bot h shifts :  a  R S an d a n E D S .  Durin g th e tes t  series ,  tha t 
is ,  afte r  th e attainmen t  o f  criterio n i n th e shift-discrimina -
tio n phase ,  al l  stimulu s pair s ar e presente d again ,  bu t  wit -
hou t  reinforcement .  Th e response s o n thes e tes t  trial s indi -
cat e a  R S ,  a n E D S ,  ar e bot h right,  o r  ar e bot h left .  Als o i n 
thi s task ,  th e behavio r  o f  network s o f  al l  teste d configura -
tion s respon d mos t  o f  th e tim e wit h a n E D S .  Onl y i n a  fe w 
cases ,  a  R S i s performed .  I f  th e numbe r  o f  learnin g trial s o f 
th e network s i s increased ,  tha t  is ,  th e criterio n fo r  a n outpu t 
nod e bein g activ e o r  inactiv e i s mor e severe ,  th e response s 
agre e mor e ofte n wit h a n E D S .  Thes e result s agre e wit h 
behavio r  foun d i n rat s bu t  no t  wit h children . 

Conclusion and Discussion 
Simulation s sho w tha t  th e learnin g behavio r  o f  al l  teste d 
networ k configuration s i s equivalen t  t o formin g stimulus -
drive n associations ,  whic h agree s wit h behavioris t  model s 
and th e discrimination-shif t  behavio r  o f  rats .  Th e questio n 
n o w i s whic h alternativ e architecture s wil l  lea d t o discrimi -
nation-shif t  behavio r  tha t  coincide s wit h h u m a n subjects : 
childre n o r  adults .  O n e aspec t  o f  th e simulatio n tha t  coul d b e 
change d i s th e representatio n o f  th e stimuli .  Almos t  n o fea -
tur e extractio n take s place ,  a s i n th e balanc e scal e simulatio n 
study .  Furthermore ,  stimul i  characteristic s o f  completel y dif -
feren t  nature ,  suc h a s colo r  an d form ,  ar e processe d b y on e 
modul e (i n th e unconstraine d networks )  o r  equivalen t  m o -
dule s (i n th e constrain t  network) .  A  thir d possibl e chang e i s 
addin g a  sor t  o f  attentio n an d bia s t o a  networ k (se e als o 
Kruschke .  1992) . 
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