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T o w a r d s Includin g Simpl e Emot ion s i n a  Cognitiv e Architectur e i n 

O r d e r  t o Bette r  Fi t  Children' s Behavio r 

Roman V. Belavkin^>^ (rvb@cs.nott.ac.uk) 
Fran k E .  Ritter ^  (frank.ritter@nottinghain.ac.uk ) 

Davi d G .  Elliman l  (dge@cs.nott.ac.uk ) 

1 School of Computer Science, 
2 Schoo l  o f  Psychology , 

U.  o f  Nottingham ;  Nottingham ,  N G 7 2 R D U K 

I n t r o d u c t i o n 

Emotion s ar e a n importan t  aspec t  o f  huma n behavio r  tha t 
shoul d b e include d i n cognitiv e models .  Includin g the m 
i n a  cognitiv e architectur e i s th e safes t  wa y t o ensur e 
consistency ,  an d t o ge t  reuse .  W e demonstrat e her e ho w 
interest ,  distress ,  an d pleasure ,  thre e primar y emotion s 
show n b y childre n whe n proble m solving ,  ca n b e imple -
mente d i n a  specifi c  A C T - R (Anderso n &  Lebiere ,  1998 ) 
model .  Thes e emotion s ca n b e initiall y  implemente d b y 
modifyin g som e o f  th e A C T - R proble m solvin g mecha -
nism s an d ou r  reusabl e mode l  o f  vision . 

Whil e emotion s ca n b e a  resul t  o f  informatio n an d 
knowledg e processing ,  the y ar e no t  purel y cognitiv e 
processes .  The y ma y resul t  i n bodil y change s (hormone s 
etc. )  tha t  influenc e behavior ,  perceptio n an d decisio n mak -
ing .  Ou r  tas k i s t o implemen t  a  simpl e theor y o f  emo -
tion s int o th e A C T - R cognitiv e architectur e an d tes t  i t  o n 
an existin g mode l  o f  huma n behavior . 

The Task and the Model 

The mode l  i s a  simulatio n o f  Towe r  o f  Nottingha m prob -
le m (Woo d &  Middleton ,  1975) ,  whic h consist s o f  severa l 
block s o f  differen t  shape s an d size s tha t  hav e t o b e assem -
ble d t o for m a  pyramid .  Th e A C T - R mode l  ca n interac t 
wit h a  simulatio n o f  th e block s throug h th e Nottingha m 
ey e an d hand s model .  Th e mode l  predict s wel l  ho w adult s 
solv e th e puzzle .  Th e mode l  i s accurat e enoug h t o tes t 
theorie s o f  developmen t  (Jone s &  Ritter ,  1998 )  throug h 
varyin g parameter s o f  th e mode l  (workin g memory . 
Expecte d Gai n Noise ,  etc.) .  Whil e ther e i s goo d matc h t o 
most  o f  th e data ,  ther e i s stil l  i s  roo m fo r  improvin g th e 
model' s fit  t o som e o f  th e children' s dat a (e.g. ,  tim e pe r 
layer ,  error s pe r  layer ,  strategie s used) .  Providin g thi s 
model  wit h emotion s coul d improv e tha t  fit,  a s emotion s 
see m t o pla y a  greate r  rol e i n childre n proble m solving , 
particularl y i n thi s task . 

The Architectural Changes 

We conside r  thre e basi c emotions :  interest ,  distress ,  an d 
pleasure .  Thes e emotion s ca n b e initiall y  implemente d 
relatin g interes t  t o th e goa l  valu e variabl e i n A C T - R an d 
by introducin g tw o ne w variable s representin g amount s o f 
tw o syntheti c hormones ,  eac h produce d b y "positive "  o r 
"negative "  emotions .  Th e amount s wil l  deca y ove r  time . 
The goa l  valu e wil l  als o deca y ove r  tim e an d ma y depen d 
on th e amoun t  o f  hormones .  Thi s wil l  allo w th e mode l 
t o abando n task s afte r  som e time ,  whe n it s  interes t 
decrease s an d n o reinforcemen t  b y positiv e emotion s ha s 

occurred .  Successfu l  production s wil l  activat e positiv e 
emotions ,  whic h chang e th e amoun t  o f  "positive " 
hormones ,  an d associat e th e successfu l  rul e wit h tha t 
emotio n a s wel l  a s th e knowledg e fact s use d b y th e rule . 
A simila r  mechanis m wil l  suppor t  negativ e emotion s 
(distress) .  Association s wit h emotion s ar e realize d 
throug h additiona l  coefficient s i n expecte d gain s o f  rule s 
and bas e leve l  activation s o f  chunks .  Thes e coefficient s 
amplif y th e chunk s associate d wit h a  particula r  emotio n 
accordin g t o th e amoun t  o f  th e hormon e correspondin g t o 
it .  Thi s wil l  increas e th e possibilit y  o f  retrievein g a  posi -
tivel y associate d chun k i n goo d mood s an d vis a versa .  Th e 
coefficient s i n th e expecte d gai n o f  productio n rule s wil l 
make th e choic e o f  action s affectivel y dependent .  Som e 
performanc e parameters ,  lik e spee d o f  rule s firing, 
expecte d gai n noise ,  o r  perceptua l  characteristic s i n th e 
model  (size s o f  fove a an d parafovea )  depen d o n th e amoun t 
of  hormone s a s well . 

What We Expect to Find 

Emotion s see m t o pla y a  greate r  rol e i n an d sometime s 
tak e contro l  o f  children' s proble m solvin g o n thi s task . 
Thes e change s wil l  allo w th e existin g T o N mode l  t o 
bette r  matc h children' s behavio r  b y (a )  slowin g dow n 
performanc e i n general ,  (b )  slowin g dow n initia l  perfor -
mance a s th e chil d explore s th e puzzl e drive n b y interest , 
(c )  makin g performanc e sensitiv e to ,  an d influence d b y th e 
succes s o f  previou s actions ,  an d (d )  abandonin g th e tas k i f 
performanc e i s no t  successful .  Th e mechanism s als o ca n 
be reuse d t o stud y mor e comple x emotiona l  behavior s 
usin g cognitiv e architectur e wher e th e tas k involve s inter -
action . 
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