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A compute r  simulatio n approac h t o 
th e stud y o f  emotiona l  behavior ' 

Rolf Pfeifer 
Departmen t  o f  Psycholog y 
Carnegie-Mello n Universit y 

Pittsburgti ,  Pennsylvani a 1521 3 

Althougf v th e importanc e o f  emotio n i n huma n t>ehavio r  ha s 
lon g bee n recognized ,  onl y recentl y ha s ther e bee n seriou s 
interes t  i n th e proble m amon g cognitiv e scientist s (Abelson ,  1981 ; 
Bower  &  Cohen ,  1982 ;  Dyer ,  1982 ;  Lehnerl .  1981 ;  Norman ,  1980 ; 
Mandler ,  1975 ;  Pfeife r  &  Nicholas .  1982 ;  Simon ,  1967 ;  Sloma n i 
Croucher ,  1981) .  Th e presen t  wor k i s a n effor t  t o demonstrat e 
tha t  problem s o f  emotio n ca n b e approache d i n a n informatio n 
processin g framework .  A  firs t  ste p i n thi s directio n ha s bee n take n 
by developin g a  compute r  simulatio n mode l  capabl e o f  exhibitin g 
certai n kind s o f  emotiona l  behavior .  Th e model ,  dubbe d FEELE R 
(Framewor k fo r  Evaluatio n o f  Event s an d Linkag e int o Emotiona l 
(Responses) ,  i s  use d t o illustrat e tfire e basi c area s tha t  a  theor y o f 
emotio n mus t  dea d with ,  namel y (a )  ho w emotion s ar e generated , 
(b )  wha t  I S mean t  b y a n occurren t  emotion ,  an d (c )  ho w emotion s 
influenc e ou r  behavior .  I t  i s  suggeste d tha t  model s o r  framework s 
lik e th e on e t o b e presente d wil l  hel p t o mak e th e theor y o f 
emotion s mor e accessibl e t o cognitiv e psychologists ,  an d tha t  I t 
provide s ne w way s o f  thinkin g abou t  emotiona l  processes . 
Underlying assumptions and related work 

Even though the Schachter & Singer (1962) experiments have 
bee n criticize d o n a  numbe r  o f  ground s (se e e.g .  Izard ,  1977 ,  fo r  a 
summary o f  th e criticisms) ,  thei r  hypothesi s tha t  emotiona l 
processe s emplo y tw o separat e bu t  interactin g systems ,  seem s t o 
be accepte d b y man y theorist s i n th e fiel d (se e e.g .  Lyons ,  1980) . 
State d briefly ,  th e system s ar e a  physiologica l  one ,  th e autonomi c 
arousa l  system ,  an d a  cognitive-evaluativ e one .  A n occurren t 
emotio n consist s o f  tw o parts ,  a  patter n o f  physiologica l  arousal , 
an d a  cognitive-evaluativ e componen t  which ,  i n th e individual' s 
belie f  system ,  causall y link s thi s patter n t o a n event .  A 
physiologica l  patter n alon e doe s no t  constitut e a n occurren t 
emotion . 

The desig n o f  FEELE R ha s bee n influence d b y th e relate d wor k 
of  Abelso n (1981) ,  Bowe r  &  Cohe n (1982) ,  Dye r  (1982) ,  Lehner t 
(1981J ,  an d b y Mandler' s hypothesi s tha t  th e psychologica l  event s 
tha t  influenc e arousa l  ar e th e one s whic h interrup t  well-organize d 
behavior s (Mandler ,  1975) .  I t  i s  assume d tha t  arousa l  i s a n 
importan t  facto r  i n determinin g th e intensit y o f  a n emotio n (Clark , 
1982 :  Fiske ,  1981 ;  Mandler ,  1975) . 

Ther e hav e bee n a  numbe r  o f  effort s t o includ e emotion s int o 
compute r  simulatio n model s (Colby ,  1981 ,  fo r  example )  bu t  i n 
most  o f  the m emotio n ha s no t  bee n th e primar y focus . 

G e n e r a l  descr ip t io n o f  t h e m o d e l 

Basic architecture-. FEELER has a production system 
architectur e whic h i s simila r  t o Joh n R .  Anderson' s A C T mode l 
(Anderson .  Kline ,  &  Beasley ,  1979) .  bu t  som e feature s hav e bee n 
added .  A s show n i n Figur e 1  ther e i s a  lon g ter m memor y (LTM , 
consistin g o f  tw o parts ,  namel y a  networ k fo r  declarativ e 
knowledg e (declarativ e memory )  an d a  memor y fo r  procedura l 
knowledg e (productio n memory)) ,  a  cognitiv e workin g memor y 
and a  physiologica l  workin g memory .  T w o workin g memorie s ar e 
introduce d separatel y t o accoun t  fo r  th e relativ e independenc e o f 
th e physiologica l  an d th e cognitiv e syste m an d thei r  distinc t 
characteristic s (e.g .  differen t  deca y rates) .  Wheneve r  th e ter m 
"workin g memory, "  o r  simpl y " W M "  i s use d withou t  furthe r 
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Nationa l  Scienc e Foundatio n t o tti e autho r  an d b y a  gran t  fro m th e Allre d P.  Sloa n 
Foundauon . 
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qualification ,  i t  refer s t o cognitiv e workin g memory .  Similarl y whe n 
jus t  LTK d i s use d i t  designate s declarativ e memory . 
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Figur e 1 :  Basi c architectur e o f  th e mode l 

The arrows in Rgure 1 depict the rules which are activated from 
productio n memory ,  a s  indicate d b y  th e circles .  Th e tail s 
designat e whic h workin g memor y the y matc h against ,  th e head s 
whic h memor y the y ac t  upon .  Th e actio n ca n consis t  o f  addin g 
somethin g t o th e memory ,  o r  i n th e cas e o f  LTM ,  i t  ca n b e a 
proces s o f  spreadin g activation .  I f  a n elemen t  i n L T M exceed s a 
certai n activatio n threshokl ,  i t  i s  automaticall y adde d t o W M, 
wher e i t  i s  subjec t  t o a  deca y mechanism .  Fo r  a  discussio n o f 
spreadin g activatio n se e e.g .  Ratclif f  &  McKoo n (1981) .  Th e arro w 
pointin g int o physiologica l  workin g memor y designate s th e 
generatio n o f  a n arousa l  pattern . 

Representatio n o f  emotiona l  information :  Sinc e emotiona l 
experience s ca n b e memonze d an d th e correspondin g emotion s 
reexpenence d th e respectiv e memor y structure s hav e t o b e 
define d i n LTM .  Emotiona l  informatio n whic h i s connecte d t o 
episodi c memor y structure s include s link s t o th e event s tha t  ar e 
responsibl e fo r  th e occurren t  emotion ,  magnitude s fo r  emotions , 
and a  so-calle d arousa//mag e (Clark ,  1982 :  Mandler ,  1975) . 
Examples of emotional behavior 

Emotions generated after interrupt: Consider an example 
i n whic h th e mode l  i s executin g a  pla n t o tak e a  plan e trip. ^  Th e 
interrup t  occur s o n th e wa y t o th e airpor t  whe n th e tax i  develop s a 
fla t  tire .  Arousa l  i s increase d b y usin g surpris e an d importanc e o f 
th e interrup t  a s multiplicativ e factors :  i f  eithe r  on e i s small ,  th e 
increas e wil l  b e small ,  i f  bot h ar e larg e th e increas e wil l  b e larg e 
(se e Pfeifer ,  1982 ,  fo r  detail s o n surprise ,  importance ,  an d 
arousal) . 

Emotion s ar e generate d i n thi s situatio n b y emotio n generatio n 
rule s suc h a s R1 .  R l  i s  adapte d fro m Weiner' s (1982 )  taxonomy . 

R1: IF current state is negative for self and 
curren t  stat e wa s cause d b y person ^  an d 
person ,  wa s i n contro l  an d 
th e emotiona l  targe t  i s  person. , 

T H EN generat e ange r  a t  person , 

Since  productions only fire if all of their conditions are present 
i n W M.  ther e mus t  b e a  se t  o f  auxiliar y production s providin g th e 

A mode l  o f  th e curren t  environmen t  i s constantl y maintaine d i n WM. 



conditions ,  suc h a s R2 : 

R2: IF an interrupt has occurred and 
emotio n i s t o b e determine d 

THEN determin e targe t  fo r  emotio n 

Rules like R2 have to do their work for every condition before 
R1 ca n apply .  Th e phras e "generat e ange r  a t  person, "  mean s 
tha t  a n emotio n nod e i s create d i n W M vtrhic h i s linke d t o th e 
curren t  even t  structure ,  t o th e interruptin g event ,  an d t o th e targe t 
of  th e emotion .  Whe n LT M i s updated ,  whic h i s typicall y th e cas e 
shortl y afte r  a n interrup t  ha s occurred ,  th e intensit y o f  th e 
emotion ,  whic h i s determine d fro m th e leve l  o f  arousal ,  I s attache d 
t o th e emotio n node ,  an d a n arousa l  image ,  consistin g i n th e 
curren t  versio n o f  a  simpl e leve l  indicator ,  i s  adde d t o th e curren t 
even t  structure . 

Emotion s generate d afte r  pla n completion :  I f  n o interrup t 
had occurre d o n th e wa y t o th e airpor t  bu t  instea d th e mode l  ha d 
"arrived "  a t  th e airport ,  rul e R 3 migh t  hav e applied : 
R3: IF a subplan has been completed 

THEN generat e satisfactio n abou t  subpla n completio n 

Emotions generated from emotions by rules: If anger has 
bee n generated ,  th e emotiona l  stat e o f  ange r  a s suc h ca n lea d t o 
th e generatio n o f  ange r  agai n b y mean s o f  a  rul e simila r  t o R4' . 

R4: IF angry and 
person ,  i s entere d throug h perceptua l  syste m 

THEN generat e ange r  a t  person. , 

R4 tries to capture the fact that if a person is angry he or she 
may generat e ange r  a t  peopl e wh o hav e nothin g t o d o wit h th e 
origina l  anger-producin g situation . 

Emotion s generate d throug h m e m o r y activation :  S o fa r 
th e emotio n generatio n processe s hav e bee n base d o n rules . 
Anothe r  wa y i n whic h emotion s ca n b e generate d i s throug h 
activatio n processe s i n LTM .  I f  element s ar e entere d an d 
encode d int o W M throug h perceptua l  processes ,  activatio n i s 
automaticall y sprea d throug h LTM ,  I.e .  throug h th e perceptua l 
proces s itself ,  part s o f  LT M ar e activate d an d adde d t o W M.  I f 
emotiona l  informatio n i s attache d t o thes e element s th e earlie r 
emotion s ma y ti e reexperienced :  the y ca n becom e a n occurren t 
emotion .  Moreover ,  sinc e event s i n LT M ar e interconnecte d vi a 
emotio n nodes ,  event s wit h simila r  emotlone U qualitie s ca n b e 
activate d fro m th e curren t  emotiona l  state . 

Goal  generatio n influence d b y emotions :  Emotion s ma y 
caus e certai n behavior s whic h woul d no t  otherwis e occur .  Rul e 
B5,  fo r  example ,  set s u p th e goa l  t o har m th e perso n (e.g .  t o insult , 
hit ,  yel l  at )  wh o i s hel d responsibl e Fo r  th e individual' s curren t 
negativ e state ,  whic h lea d t o th e emotio n o f  anger . 
R5: IF angry and 

emotiona l  targe t  i s  person , 
THEN generat e th e goa l  t o har m person ^ 

R6: IF angry and 
emotiona l  targe t  i s person , 

THEN generat e th e goa l  t o reasses s th e ange r  reactio n 

Rule R5 corresponds to a more aggressive reaction, R6 to a 
cautiou s one .  R 7 i s a  strateg y t o ge t  ri d o f  th e emotio n o f  ange r  b y 
settin g u p a  goa l  whic h divert s attentio n fro m th e anger-producin g 
situatio n an d thu s give s th e ange r  tim e t o decay . 

R7: IF angry 
THEN generat e th e goa l  t o coun t  t o te n 

It should be noted that the goals thus generated do not 
necessaril y  hav e t o b e pursued .  Thi s decisio n I s u p t o a  high-leve l 
conflic t  resolutio n mechanism . 
Interpretations biased by emotions: If the action side of 
Rul e R 6 wer e no t  t o se t  u p a  goa l  bu t  simpl y t o mak e a n 

assumptio n abou t  th e world ,  to r  exampl e "THE N asser t  tha t 
person ,  ha s goa l  t o har m self, "  w e ma y tal k abou t  a n inferenc e 
biase d b y a n emotiona l  state . 

Summary and discussion 

Table i is a systematic account of the possible kinds of rules 
involve d i n emotiona l  behavio r  i n FEELE R a s illustrate d b y th e 
example s i n th e las t  section .  Th e classificatio n i s base d onl y o n 
whethe r  th e rule s directl y influenc e emotion s (i.e .  the y includ e 
emotion s i n thei r  actio n side )  o r  whethe r  the y ar e influence d b y 
emotion s (i.e .  the y includ e emotion s i n thei r  conditio n side) . 

Cel l  (1 )  contain s genera l  inferenc e rule s whic h ar e typicall y 
use d a s auxiliar y rule s i n th e emotio n generatio n process ,  bu t  the y 
ar e no t  particula r  t o a  specifi c  emotion .  Rule s i n cel l  (2 )  ar e no t 
influence d b y th e curren t  emotiona l  stat e bu t  the y resul t  i n a n 

ACTION SIDE 
COGNITIVE EMOTIONAL 

CON-
DI-

TION 
SIDE 

COGNmVE 

EMOTIONAL 

COGNITIVE 4 
EMOTIONAL 

R2 

R7 

R5,R« 

(1) 

(3) 

(5) 

R1,R3 (2) 

W 

R4 (6) 

Tabl e 1 :  Summar y o f  rule s 

occurrent  emotion. Rules in cell (3) represent behavior which Is 
purel y motivate d b y a n emotiona l  state .  I n cel l  (4 )  ar e th e rule s 
definin g direc t  interaction s betwee n emotions .  S o fa r  interaction s 
betwee n emotion s hav e onl y bee n modele d indirectl y vi a th e 
deca y mechanism .  Cell s (5 )  an d (6 )  contai n rule s representin g 
interpretation s o r  actio n tendencie s influence d b y a n emotion . 
The rule s i n cel l  (6 )  lea d t o a n emotiona l  stat e whic h woul d no t 
hav e bee n cause d b y th e cognitiv e component s alone . 

I n summary ,  a  numbe r  o f  way s i n whic h emotion s ca n b e 
generate d an d influenc e behavio r  hav e bee n modele d an d 
analyzed .  Th e focu s i n thi s repor t  wa s o n behavio r  base d o n 
productio n rules ,  bu t  i t  wa s als o see n tha t  networ k processe s 
participat e throug h spreadin g activatio n mechanisms .  A 
comprehensiv e concep t  o f  a n occurren t  emotio n mus t  includ e 
bot h rule-base d an d network-base d processes ,  a s wel l  a s thei r 
relationshi p t o th e physiologica l  pattern s o f  activation . 

The curren t  implementatio n o f  FEELE R show s a  variet y o f 
interestin g kind s o f  emotiona l  behavior s whic h hav e tjee n 
describe d above .  However ,  th e representationa l  an d inferenc e 
structur e need s t o b e enriche d fo r  al l  aspect s o f  th e mode l  an d 
the y hav e t o b e incorporate d i n a  mor e coheren t  system .  I n 
addition ,  som e issue s hav e bee n onl y margineill y  addresse d o r  no t 
at  al l  (e.g .  learnin g processes ,  emotiona l  expression ,  an d high -
leve l  conflic t  resolutio n mechanisms) .  Despit e it s ver y rea l 
limitation s FEELE R provide s a  framewor k fo r  th e stud y o f  emotio n 
i n a  cognitiv e scienc e methodolog y capabl e o f  capturin g a  wkj e 
rang e o f  phenomena .  Application s t o researc h o n moo d an d t o 
th e theor y o f  defens e mechanism s ar e briefl y pointe d ou t 
elsewher e (Pfeifer ,  1982) . 
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