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Affec t  an d Memor y Representatio n 

Wendy G .  Lehner t 

Department of Computer Science 
Yal e Universit y 

1.  Affectiv e Knowledg e Structure s an d Computer s 

Many philosophers ,  psychologists ,  an d A.I . 
worker s hav e take n variou s position s o n th e issu e o f 
machine s an d emotion .  Some argu e tha t  a  compute r 
ca n neve r  "experience "  huma n emotion s i n an y 
significan t  sens e becaus e i t  jus t  doesn' t  mak e sens e 
t o attribut e conscicusnes s t o a n inorgani c an d 
programme d syste m [Gunderso n 1971 ,  Puccett i  1968 , 
Scrive n 1960 ,  Zif f  1959 )  Other s argu e tha t  ou r 
subjectiv e sens e o f  emotiona l  experienc e i s to o 
"intuitive "  an d ill-define d a  candidat e fo r 
computationa l  modellin g [Dreyfu s 1972 ,  Weizenbau m 
1976] .  Stil l  other s argu e tha t  emotio n wil l  b e a 
natura l  an d necessar y consequenc e o f  intelligen t 
informatio n processing ,  a n inevitabl e side-effec t  o f 
intelligenc e [Kenn y 1963 ,  Simo n 1967 ,  Doyl e 1980 , 
Slcms n 1981] .  An d the n ther e ar e alway s "rational 
purists "  wh o conside r  emotiona l  experienc e totall y 
irrelevan t  t o reasonin g processe s an d therefore ,  o f 
no consequenc e t o artificia l  intelligenc e 
whatsoever . 

Many lines of reasoning have been invoked to 
secur e thes e variou s position s [Dennet t  1976] , 
althoug h mos t  o f  th e argument s ar e conducte d wit h a 
distinctivel y philosophica l  tone .  I t  i s  ironi c tha t 
th e mos t  passionat e advocate s i n thes e debate s 
rarel )  argu e fro m first-han d experienc e wit h 
compute r  simulations .  Why doe s A.I .  see m t o b e s o 
silen t  e n th e th e topi c o f  emotio n an d computers ? I 
canno t  spea k fc r  everyon e i n th e field ,  bu t  I  woul d 
gues s tha t  a  le t  o f  u s prefe r  t o avoi d th e whol e 
moras s becaus e w e believ e tha t  th e question s bein g 
answere d ar t  no t  th e question s w e shoul d b e asking . 

A ccit'fuler can have knowledge of human 
etictiona l  3  t y i n th e sam e sens e tha t  i t  ca n hav e 
knowledg e o f  mas s spectroscopj ,  medica l  diagnosti c 
techniques ,  o r  payrol l  data .  Computer s d o no t  hav e 
t o "be "  emotin g entitie s t o us e thi s knowledg e an y 
more tha n the y hav e t o "be "  cher.ists ,  physicians ,  o r 
bureaucrat s t o us e knowledg e specifi c  t o thos e 
professions .  I f  i t  i s  difficul t  t o giv e knowledg e 
of  emct:.cn s t o ccmtuttrs ,  i t  i s  on] > difficul t  fo r 
th e sam e reaso n tha t  a  thousan d othe r  topic s ar e 
difficul t  fo r  ronputtrs :  peopl e d o no t  hav e a 
rigorou s understandin g c f  thei r  intuitiv e Ur.owledg i 
i n term s c f  in f  c  in'a t  io n processin g requ i  t  eii;er,t E ,  We 
need t o develc p (1 )  s>-mboli c systeiii s  c f  interna l 
representation ,  an d (2 )  processin g strategie s t o 
manipulat e thes e symboli c structures .  Thes e tw o 
rtquiiecien t  s  ar t  uiiiveiss l  t o al l  A.I .  efforts ,  an d 
th e difficultie s involve d ar e no t  significantl y 
amplifie d whe n tn e knowledg e t o h e encode d i s 
knowledg e o f  hur.a n eno t  iona l  i t  y . 

When ve appl) knowledge of emotions to an 
informatio n processin g task ,  w e ca r  evaluat e ou r 
expertis e o n ei:;oticnf ,  b y evaluatin g th e overal l 
effectivenes s o f  th e large r  informatio n processin g 
system .  What  experience :  ha s A.I .  ha d vit h 
affectiv e knowledg e structures ? Ou r  experienc e i s 
admitedl y limited ,  bu t  i t  i t  no t  totall y 
non-existent .  T o date ,  thre e distinc t  tas k 
orientation s hav e touche d o n affectiv e maiarulation s 
of  on e sor t  o r  Enother . 

]) belief systMi ir.airtai rai.cr 
2)  convevsa t  i  cna l  s  iimu i  a t  i  en s 
3)  niirrativ e tex t  processii- ^ 

An ambitiou s implementatio n o f  belie f  syste m 
maintainanc e wa s attemnte d b y Kennet h Colb y i n th e 
earl y 60' 8 [Colb y 1967 ;  1973] .  Whil e Colb y i s bes t 
known fo r  PARRY,  th e paranoi d conversationalis t 
[Colb y 1975] ,  hi s earlie r  wor k wa s aime d a t  a  mor e 
genera l  simulatio n o f  neuroti c though t  processe s 
[Colb y 1963 ;  1965] .  Colb y wa s specificall y 
intereste d i n simulation s o f  Freudia n defens e 
mechanism s whe n the y surfac e i n clinica l  dialogue s 
betwee n psychiatrist s an d patients .  Hi s wor k 
involve d affectiv e manipulations ,  bu t  onl y i n a  ver y 
superficia l  sense .  Colb y utilize d "emotio n 
monitors "  whic h wer e numerica l  parameter s wit h name s 
lik e "excitation, "  "self-esteem, "  "danger, " 
"well-being, "  an d "pleasure. "  Whil e Colby' s 
simulation s wer e neve r  intende d t o implemen t  a 
complet e syste m o f  affectiv e representation ,  h e 
nevertheles s foun d i t  necessar y t o maintai n an d 
manipulat e thes e numeri c parameters .  Fo r  example , 
th e "excitation "  monito r  reflecte d th e overal l 
anxiet y o f  th e syste m -  a  facto r  tha t  an y 
psychotherapis t  woul d wan t  t o tak e int o account . 
Whethe r  o r  no t  someone' s anxiet y levt l  ca n b e 
adequatel y represente d o n a  scal e o f  1  t o 1 0 i s 
anothe r  question . 

It is inevitable that belief systeir 
manipulation s manifes t  them.selve s mos t  naturall y i n 
interactiv e conversation .  Colb y wa s force d int o 
conversationa l  tas k orientaticn s whe n h e bega n hi s 
wor k o n belie f  system.s ,  an d thi s eventuall y dre w hi m 
towar d PARRY.  PARRY als o utilize d numeri c 
parameter s fo r  "anger, "  "fear, "  an d "mistrust, "  -  a 
somewhat  mor e narro w se t  tha n wa s neede d fo r 
generall y neuroti c simulations .  Whil e PARRY i s th e 
onl y conversationa l  syste m tha t  I  kno w c f  whic h ha s 
implemente d a n affectiv e component ,  i t  i s  clea r  tha t 
any conversationa l  syste m woul d requii e affectiv e 
manipulation s i f  i t  wa s designe d t o simulat e 
emotiona l  response s [Schan k an d Lehner t  1979] . 

Although Colby was primarily interested in 
though t  processes ,  hi s simulation s becam e thoroughl y 
mire d i n languag e processin g difficulties .  Colby' s 
sentenc e processin g technique s relie d o n lexica l 
patter n matchin g routines ,  an d hi s interna l  m.emor y 
representation s wer e lexically-oriente d a s well . 
Thef c device s wer e ineffectiv e substitute s fo r 
natura l  languag e processin g strategies ,  an d Colby' s 
model s wer e significantl y hampere d b y inadequat e 
representationa l  technique s [Bode n 1977) .  Simila r 
impediment s wer e encountere d b y othe r  researcher s 
who tackle d belie f  system s earl y o n [se e e.g . 
Abelso n 1973] ,  s o i t  come s a s n o surpris e t o st e 
tha t  th e m.os t  recen t  wor k o n belie f  system s i s 
thoroughl y grounde d i n theorie s o f  natura l  languag e 
processin g an d interna l  memor > representation . 
[Carhonel l  1978] .  Whateve r  one' s ultimat e researc h 
goal  (model s o f  belie f  systems ,  memor y organization , 
etc. )  al l  dialc g simulation s ar e prinaril y  natura l 
languag e processin g system.s ,  an d an y attemp t  t o 
circumven t  thi s fac t  i s  destine d t o fail .  I n fact , 
when th e researc h goa l  i s  a  mode l  c f  huma n emotion , 

Thi s wor k wii s supporte d i n par t  b y th e Advance d 
Researc h Project s Agenc y unde r  contrac t 
r^GOOU-75-c-lll l  an d i r  par t  b y th e Nationa l  Scienc e 
Foundatio n unde r  contrac t  IST79J8463 . 
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i t  i s  fa r  bette r  t o embrac e th e challange s o f 
natura l  languag e proceBsin g wit h ope n arms :  a 
natura l  languag e processin g projec t  provide s th e 
onl y naturalisti c an d realisti c laborator y fo r 
theorie s o f  affectiv e memor y representation . 

For example, narrative texts provide a rich 
provin g groun d fo r  theorie s o f  affec t  -  on e nee d 
onl y loo k a t  storie s tha t  involv e emotiona l 
reaction s an d emotiona l  behavior .  Ye t  affectiv e 
knowledg e representatio n ha s no t  bee n systematicall y 
tackle d withi n natura l  languag e processin g program s 
unti l  ver y recently .  Th e remainde r  o f  thi s pape r 
wil l  outlin e som e o f  my ow n experience s i n tryin g t o 
implemen t  affectiv e knowledg e structure s i n a 
narrativ e tex t  processin g system ,  BORIS . 

The BORIS system currently utilizes a limited 
syste m o f  affectiv e representatio n an d 
affect-relate d inferenc e mechanisms .  I n additio n t o 
thes e representationa l  technique s fo r  affect s pe r 
se ,  th e recentl y propose d TA U knowledg e structur e 
(Themati c Affec t  Unit )  contribute s t o BORIS' S 
affectiv e inferenc e capabilitie s a s wel l  [Dye r 
1981] .  Sinc e description s o f  BORIS' S processin g 
technique s ca n b e foun d elsewher e [Dye r  an d Lehner t 
1980 ,  Lehnert ,  Dyer ,  Johnson ,  Yan g an d Harle y 1981] , 
we wil l  no t  g o int o a  descriptio n o f  BORI S her e -  w e 
wil l  instea d tak e thi s opportunit y t o explai n ho w a 
computationa l  m.ode l  o f  affec t  migh t  contribut e t o 
othe r  model s o f  affec t  tha t  ar e no t  computationa l  i n 
nature . 

To begin with, a computational model must 
addres s a  specifi c  se t  o f  problem s t o b e solved .  I n 
languag e processing ,  affectiv e manipulation s ar e 
neede d fo r  fou r  genera l  inferenc e situations : 

(1) Given an event description, infer an affective 
antecedent : 

"John took a Valium." { => John is upset) 

(2) Given an event description, infer an affective 
consequent : 

"John got a big raise." ( => John is happy) 

(3) Given an affective state, 
infe r  it s likel y antecedent : 

"After the hurricane, John was depressed." 
(Joh n suffere d a  los s = > Joh n i s depressed ) 

(4) Given an affective state, 
infe r  it s likel y consequence : 

John was so happy about his royalty check, 
he mad e reservation s a t  Ren o Sweeny's . 

(  .. .  = > Joh n intend s t o celebrate ) 

In many cases, we must cocibine two or more of the 
abov e inferenc e type s t o mak e sens e o f  a n implici t 
causality : 

"After the hurricane, John saw a shrink." 

To see how this process-orientation differs from a 
purel y psychologica l  approac h t o th e problem ,  w e 
wil l  loo k a t  som e inference s problem s i n a  narrativ e 
text ,  an d se e ho w fa r  a  non-process-oriente d mode l 
can g o i n helpin g a  syste m lik e BORIS .  When w e 
firs t  bega n t o loo k a t  affec t  i n BORIS ,  w e wer e 
greatl y inspire d b y Ir a Roseman' s mode l  fo r 
representin g affectiv e state s [Rosema n 1979] ,  Ther e 

ar e o f  cours e othe r  approache s t o affec t  [deRiveri a 
1977 ,  Izar d 1977] ,  bu t  v e wil l  no t  attemp t  t o surve y 
al l  th e relevan t  proposal s here .  Reader s wh o ar e 
familia r  wit h alternativ e aystem s ca n judg e fo r 
themselve s whethe r  simila r  troublespot s woul d aris e 
i n tryin g t o implemen t  anothe r  system . 

2. Conceptual Decomposition for Affective States 

In the Roseman system, emotional states are 
represente d b y decompositio n int o fiv e dimensions . 
Four  o f  th e dimension s assum e positiv e an d negativ e 
fields ,  whil e th e fift h assume s a  three-value d 
spectrum : 

Five Dimensions of Affect 

1) Motivational Status (desirability) [+,-] 
2)  Situationa l  Statu s (attainment )  [+,- 1 
3)  Probabilit y  Statu s (certainty )  [+,- ] 
4)  Legitimac y Statu s (deservedness )  [+,- ] 
5)  Agenc y Statu s [self ,  other ,  circumstantial ] 

When an event is mapped into its appropriate place 
on eac h o f  th e fiv e spectrums ,  w e ca n predic t 
emotiona l  reaction s t o th e event .  Fo r  example ,  (a ) 
wantin g a  ticke t  t o a  sold-ou t  Gratefu l  Dea d Concer t 
describe s a  menta l  stat e wit h a  positiv e motivatio n 
(wantin g it )  an d a  negativ e situatio n (no t  havin g 
it) ;  (b )  winnin g a  ticke t  t o a  Gratefu l  Dea d 
Concer t  i s  a n even t  wit h a  positiv e motivatio n 
(wantin g it )  an d a  positiv e situatio n (havin g i t) ; 
(c )  losin g th e ticke t  ha s negativ e motivatio n (no t 
wantin g t o los e it )  an d positiv e situatio n (havin g 
los t  i t) ;  an d (d )  findin g i t  agai n involve s a 
negativ e motivatio n (no t  wantin g i t  lost )  wit h a 
negativ e situatio n (no t  havin g i t  lost) .  I f  al l  o f 
thi s happen s circumstantially ,  w e expec t  t o se e (a ) 
sorrow ,  (b )  joy ,  (c )  distress ,  an d (d )  relief . 
Usin g al l  fiv e dimensions ,  Roseman' s syste n 
differentiate s 1 3 primar y emotions .  Thes e ar e 
liste d belo w wit h a  vecto r  encodin g o f  th e fiv e 
dimension s a s liste d above .  Fo r  example , 
( + +  +  -  S )  correspond s t o a  positiv e motivation , 
positiv e situation ,  positiv e probability ,  negativ e 
legitimacy ,  an d self-agency .  A n "* "  indicate s tha t 
th e correspondin g dimensio n ca n assum e an y value . 
PRIMARY EMOTIONS 

M S  P  L  A M S  P  L  A 

( + t  t  *  C )  JO Y 
( + +  -  *  C )  HOPE 
(  *  C )  HOPE 
(_ _  +  *  C )  RELIE F 
(_ +  +  _  C )  DISTRES S 
(_ +  *  ^  C )  FRUSTRATION 
( + _  *  4  C )  FRUSTRATION 
( + -  ^  -  C )  SORROW 
( + +  *  +  S )  PRID E 
(_ _  *  +  S )  PRID E 
(*  *  * _  S )  GUIL T 

( + +  *  *  0 )  LIKIN G 
(_ _  *  *  0 )  LIKIN G 
( + -  *  _  0 )  DISLIKIN G 
(-  +  *  _  0 )  DISLIKIN G 
(-  +  *  +  0 )  ANGF. K 
( + *  +  0 )  ANGER 
( + C )  FEA R 

•  ( -  +  -  C )  FEA R 
( + -  *  +  S )  REGRET 
(-  +  *  +  S )  REGRET 

Many lexica l  description s o f  emotionalit y ar e use d 
t o referenc e mor e tha n on e conceptua l  configuration . 
For  example ,  Joh n coul d "regret "  flunkin g a  tes t 
(-  +  + +  S ) .  Alternatively ,  i f  Joh n go t  a  hig h B  o n 
th e test ,  h e migh t  "regret "  no t  gettin g a n A 
( + -  +  H  S ) .  Thes e ar e tw o distinc t  sense s o f 
regret :  w e ca n regre t  wha t  happened ,  an d w e ca n 
regre t  wha t  didn' t  happen .  Peopl e wh o dwel l  o n 
(-  +  +  4  S )  configuration s kic k themselve s fo r  pas t 
mistake s whil e peopl e wh o dwel l  o n situation s 
involvin g ( + -  i  +  S )  ar e melanchol y dreamers .  We 
can describ e eithe r  personalit y i n term s o f  pas t 
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regrets ,  bu t  importan t  conceptua l  distinction s ar e 
lurkin g beneat h thes e words . 

Lexical ambiguities at the conceptual level 
make i t  difficul t  t o describ e Roseman' s 1 3 primar y 
emotion s t o everyone' s satisfaction .  Fo r  example , 
one coul d argu e tha t  "liking "  i s no t  a n emotio n a t 
al l  bu t  a n attitude .  Th e appropriat e emotio n fo r 
( + +  *  *  0 )  an d ( -  -  * *  0 )  i s  reall y on e o f 
gratitude .  Or  perhap s "distress "  shoul d b e calle d 
"discomfort. "  I t  i s  instructiv e t o engag e i n thi s 
sor t  o f  criticis m a s a n intuitiv e exercise ,  bu t  a 
bette r  wa y t o tes t  Roseman' s syste m i s wit h a 
compute r  implementation . 

3. Implementing Affect 

Vnien we tried to implement Roseman's system in 
BORIS,  w e ra n int o som e interestin g difficulties . 
To ge t  a  sens e o f  these ,  w e wil l  loo k a t  a  sampl e 
tex t  tha t  BORI S processes ,  highlightin g som e proble m 
area s encountered . 

**************************************************** 

A BORI S Narrativ e 

Richard hadn't heard from his old roommate Paul 
fo r  years .  Pau l  4ia d loane d Richar d mone y whic h wa s 
neve r  pai d back ,  bu t  no w h e ha d n o ide a wher e t o 
fin d hi s ol d friend .  When a  lette r  finall y arrive d 
fro m Sa n Francisco ,  Richar d wa s anxiou s t o fin d ou t 
how Pau l  was . 

Unfortunately, the news was not good. Paul's 
wif e Sara h wante d a  divorce .  Sh e als o wante d th e 
car ,  th e house ,  th e children ,  an d alimony .  Pau l 
wante d th e divorce ,  bu t  h e didn' t  wan t  t o se e Sara h 
tak e everythin g h e had .  Hi s salar y fro m th e stat e 
schoo l  syste m wa s ver y small .  No t  knowin g wh o t o 
tur n to ,  h e wa s hopin g fo r  a  favo r  fro m th e onl y 
lawye r  h e knew .  Pau l  gav e hi s home phon e numbe r  i n 
cas e Richar d fel t  h e coul d help . 

Richard eagerly picked up the phone and dialed. 
Afte r  a  brie f  conversation ,  Pau l  agree d t o hav e 
lunc h wit h hi m th e nex t  day .  He sounde d extremel y 
relieve d an d grateful . 

The next day, as Richard was driving to the 
restaurant ,  h e barel y avoide d hittin g a n ol d man o n 
th e street .  H e fel t  extremel y upse t  b y th e 
incident ,  an d ba d thre e drink s a t  th e restaurant . 
When Pau l  arrived ,  Richar d wa s fairl y drunk .  Afte r 
th e foo d came ,  Richar d spille d a  cu p o f  coffe e o n 
Paul .  Pau l  seeme d ver y annoye d b y thi s s o Richar d 
offere d t o driv e hi m home fo r  a  chang e o f  clothes . 

When Paul walked into the bedroom and found 
Sara h wit h anothe r  man ,  h e nearl y ha d a  hear t 
attack .  The n h e realize d wha t  a  blessin g i t  was . 
Wit h Richar d ther e a s a  witness ,  Sarah' s divorc e 
cas e wa s shot .  Richar d congratulate d Pau l  an d 
suggeste d tha t  the y celebrat e a t  dinner .  Pau l  wa s 
eager  t o comply . 

**************************************************** 

There are a number of important affect-related 
inference s i n thi s story .  Fo r  example ,  w e shoul d 
infe r  tha t  Richar d fel t  ba d abou t  spillin g hi s 
coffe e o n Paul ,  an d hi s offe r  t o driv e Pau l  home wa s 
motivate d (a t  leas t  i n part )  b y a  desir e t o 
alleviat e guilt .  I n th e nex t  sentence ,  whe n Pau l 
find s Sarah ,  w e shoul d no t  assum e tha t  Pau l  suffere d 
a cardia c arrest ;  h e i s jus t  ver y surprised .  We 
must  als o understan d wh y i t  made sens e fo r  Richar d 
t o congratulat e Pau l  an d sugges t  a  celebration . 

What  di d Pau l  hav e t o celebrate ? Adulterou s mate s 
ar e no t  normall y greete d wit h suc h enthusiasm ,  s o 
th e celebratio n mus t  b e causall y connecte d t o 
somethin g els e tha t  Pau l  shoul d fee l  goo d about . 
Notic e tha t  i f  Richar d ha d expresse d hi s heartfel t 
condolence s t o Pau l  instea d o f  congratulatin g him , 
thi s woul d als o mak e sense .  Paul' s affectiv e stat e 
i s comple x an d mus t  b e full y understoo d t o 
accommodat e thes e variou s possibilities . 

To make affective inferences, BORIS needed to 
interpre t  event s an d state s fro m th e stor y i n term s 
of  Roseman' s fiv e affec t  dimensions .  "Motivation " 
and "situation "  wer e relativel y eas y t o recogniz e b y 
relyin g primaril y o n goa l  states .  Bu t  th e thre e 
remainin g dimension s prove d t o b e trickie r  tha n 
expected .  We wil l  loo k a t  som e difficultie s i n 
"agency "  recognition ,  slthoug h simila r  illustration s 
coul d hav e bee n chose n fro m "certainty "  an d 
"legitimacy "  a s well . 

Initially, we thought that the agent for an 
even t  woul d simpl y b e th e physica l  acto r  o f  th e 
even t  [Schan k 1975] .  We quickl y discovere d 
otherwise .  Fo r  example ,  i n a  questio n answerin g 
task ,  experimenta l  subject s indicate d tha t  Richar d 
was happ y t o receiv e th e lette r  fro m Paul .  He 
wasn' t  grateful ,  an d h e didn' t  lik e Pau l  an y mor e 
tha n before ;  h e wa s simpl y happy .  I n orde r  t o 
infe r  tha t  Richar d wa s happ y t o ge t  Paul' s letter , 
we hav e t o ascrib e a  circumstantia l  agen t  whe n 
Richar d get s th e letter .  I f  th e letter' s arriva l 
was encode d wit h other-agency ,  the n Richar d woul d 
eithe r  lik e Pau l  o r  fee l  gratefu l  t o Pau l  fo r 
gettin g th e letter .  Simpl e jo y ca n onl y com e fro m 
circumstantia l  agency .  Bu t  th e letter' s arriva l  i s 
encode d a s a n MTRANS even t  wit h acto r  =  Pau l  (Pau l 
sent  th e letter) .  I f  agenc y i s no t  a  functio n o f  a n 
event' s actor ,  wha t  i s it ? BORI S wa s (an d stil l  is ) 
stymie d b y th e agenc y problem . 

It seems that agency is a function of actors 
but  mor e specifically ,  intentiona l  actors .  Notic e 
how th e affectiv e inferenc e change s i f  Richar d 
believe s tha t  Pau l  sen t  th e lette r  jus t  becaus e Pau l 
wante d t o mak e Richar d happy .  No w i t  i s  muc h mor e 
reasonabl e fo r  Richar d t o lik e Pau l  o r  fee l  gratefu l 
t o Pau l  fo r  sendin g th e letter .  I f  X  knowingl y doe s 
Z t o mak e Y  happy ,  an d Z  succeed s i n makin g Y  happy , 
the n Y  wil l  lik e X  fo r  doin g it .  I f  Pau l  doe s 
somethin g intendin g t o mak e Richar d happy ,  the n 
Richar d experience s th e even t  wit h other-agency . 
But  i f  Pau l  doe s somethin g whic h onl y make s Richar d 
happy incidentally ,  the n Richar d experience s th e 
even t  wit h circumstantial-agency .  Knowledg e o f  a n 
actor' s ultimat e intention s i s neede d t o establis h 
affectiv e agenc y fo r  inferenc e purposes . 

In addition to intentionality, affective agency 
can b e influence d b y a n actor' s degre e o f  socia l 
responsibility .  Fo r  example ,  i t  make s sens e tha t 
Paul  go t  annoye d whe n Richar d spille d coffe e o n him . 
But  wha t  i s annoyance ? Annoyanc e ca n b e a  varian t 
of  ange r  o r  dislik e (Pau l  wa s annoye d wit h Richard) , 
bot h o f  whic h requir e other-agency .  Richar d didn' t 
inten d t o spil l  th e coffee ,  bu t  h e wa s nevertheles s 
responsibl e fo r  th e even t  (albei t  innocently) ,  an d 
thi s responsibilit y  give s u s other-agency . 
Annoyanc e i s eve n mor e ambiguou s i n th e sens e tha t 
i t  may als o describ e frustration ,  whic h involve s 
circumstantial-agency :  i t  i s  rotte n luc k t o hav e 
someone spil l  coffe e o n you .  I f  Pau l  i s  upset ,  bu t 
not  upse t  wit h Richar d specifically ,  the n hi s 
annoyanc e i s on e o f  pur e frustration . 
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Sinc e "annoyed "  i s ambiguous ,  an d thi s 
particula r  exampl e coul d g o eithe r  way ,  i t  i s  usefu l 
t o loo k fo r  limitin g case s whic h forc e on e 
interpretatio n ove r  another .  Fo r  example ,  i t  seem s 
reasonabl e tha t  Pau l  migh t  b e mor e annoye d wit h 
Richar d fo r  th e acciden t  sinc e Richar d wa s drunk . 
I f  Richar d wer e sober ,  h e woul d someho w b e les s a t 
fault .  Suppos e a  frai l  littl e ol d lad y i s carryin g 
a cu p o f  coffee ,  an d a s sh e passe s b y Pau l  sh e 
collapse s fro m a  hear t  attack.  D o w e expec t  Pau l  t o 
be angr y a t  th e ol d lad y fo r  spillin g coffe e o n him ? 
Not  likely .  No w suppos e a  boisterou s drun k lurche s 
pas t  Pau l  an d drop s a  drin k o n him .  D o w e expec t 
Paul  t o b e angr y a t  th e drunk ? Sure .  Neithe r  even t 
was intended ,  bu t  a  drun k i s mor e responsibl e fo r 
hi s action s tha n a  hear t  attac k victim .  Peopl e 
choos e t o ge t  drunk ,  bu t  the y don' t  choos e t o hav e 
hear t  attacks .  Th e elemen t  o f  fre e wil l  operatin g 
i n a  drun k render s hi m mor e responsibl e fo r  hi s 
accidents :  a  drun k choose s t o b e accident-prone . 
Sinc e BORI S ha s n o heuristic s fo r  assessin g relativ e 
degree s o f  responsibility ,  BORI S default s t o 
circumstantia l  agenc y an d therefor e interpret s 
Paul' s annoyanc e a s on e o f  pur e frustration .  Thi s 
i s no t  altogethe r  right ,  bu t  a  mor e correc t 
interpretatio n require s a n assessmen t  mechanism  fo r 
socia l  responsibility . 
One final problem with agency involves events 
tha t  caus e comple x affec t  states .  When Pau l  catche s 
Sara h i n thei r  bedroo m wit h anothe r  man ,  h e 
witnesse s an d react s t o a n even t  involvin g tw o 
actors .  Th e even t  i s assume d t o b e intentiona l  (w e 
ar e give n n o reaso n t o interpre t  th e bedroo m 
activitie s a s a  rape )  an d a t  leas t  on e o f  th e lover s 
must  b e responsibl e fo r  it .  S o i t  seem s tha t  w e 
hav e a  clear-cu t  candidat e fo r  other-agency .  Sinc e 
thi s even t  wil l  sav e Pau l  fro m a  nast y cour t  battl e 
and divorc e settlement ,  i t  i s  desirabl e fro m Paul' s 
perspective .  Sarah' s activit y ca n therefor e 
interprete d b y Pau l  a s a  desirable ,  positivel y 
attained ,  certain ,  an d illegitimat e (she' s violatin g 
thei r  marita l  contract )  even t  o f  other-agenc y 
( + +  +  -  0 ) .  Bu t  thi s configuratio n bring s u s t o 
th e improbabl e predictio n tha t  Pau l  wil l  lik e Sara h 
and he r  lover ,  o r  fee l  gratefu l  t o the m fo r  engagin g 
i n thei r  illici t  activity . 
The difficulty with this example is the 
complexit y o f  Paul' s emotiona l  state .  H e may b e 
happy abou t  th e settlemen t  implications ,  bu t  h e i s 
probabl y ver y unhapp y abou t  hi s territoria l  rights . 
Even i f  h e doesn' t  fee l  possessiv e abou t  Sara h (Pau l 
di d sa y tha t  h e als o wante d a  divorce) ,  h e ha s a 
righ t  t o fee l  pu t  ou t  b y a  strange r  i n hi s bedroom , 
t o sa y nothin g o f  hi s bed .  Bi s privac y i s surel y 
bein g violate d o n a t  leas t  on e level ,  an d w e ar e 
assure d o f  hi s negativ e reactio n whe n w e ar e tol d 
tha t  h e "almos t  ha d a  hear t  attack. "  S o Paul' s 
reactio n i s mixed :  i t  ha s a  stron g negativ e 
component  ( -  +  +  -  0 )  an d a  mor e far-sighte d 
positiv e componen t  ( + +  +  -  0 )  a s well .  Thi s 
explain s wh y i t  woul d mak e sens e fo r  Richar d t o 
eithe r  expres s sympath y o r  offe r  congratulations . 
I t  seem s mos t  appropriat e t o firs t  offe r  condolence s 
and the n congratuations ,  bu t  eithe r  on e ca n b e 
understoo d a s a  reasonabl e reactio n o n Richard' s 
part . 
Special heuristics must be invoked for complex 
emotiona l  states ,  an d highe r  leve l  knowledg e 
structure s wil l  b e neede d t o handl e inference s i n 
thes e cases .  Fo r  example ,  th e representationa l 
syste m o f  plo t  unit s (whic h gre w ou t  o f  ou r 
experienc e wit h BORIS' S affec t  analysis) ,  include s a 
specia l  structur e calle d "hidde n blessing "  t o handl e 

situation s lik e Paul' s reactio n t o Sara h [Lebner t 
1980 ,  1981a ,  198ibl .  Th e hidde n bleatin g plo t  uni t 
encode s an y even t  tha t  cause s a n initia l  negativ e 
reactio n whic h late r  yield s t o a  dominatel y positiv e 
emotion .  A  aimila r  "mixe d blessing "  plo t  uni t 
handle s case s wher e th e initia l  reactio n i s 
positive ,  bu t  a  negativ e emotio n follows . 

In general, a plot unit is a configuration of 
thre e affec t  states :  (1 )  "M "  menta l  state s wit h 
neutra l  affect ,  (2 )  "+ "  event s tha t  caus e positiv e 
affects ,  an d (3 )  "- "  event s tha t  caus e negativ e 
affects .  Eac h affec t  stat e i s interprete d wit h 
respec t  t o a  specifi c  character ,  althoug h plo t  unit s 
may contai n multipl e affec t  state s tha t  involv e mor e 
tha n on e character .  Fo r  example ,  th e retaliatio n 
uni t  involve s tw o character s an d fiv e affec t  states : 

Z 

? 

Thi s configuratio n tell s  u s tha t  X  di d somethin g (? ) 
whic h cause d a  negativ e reactio n i n Y  (-) .  Thi s 
negativ e even t  motivate d a  menta l  stat e (M )  i n Y , 
whic h wa s subsequentl y actualize d b y a  positiv e 
even t  (+ )  fo r  Y ,  an d a  negativ e even t  (- )  fo r  X .  I n 
othe r  words ,  X  di d somethin g tha t  distresse d Y ,  s o Y 
retaliate d b y doin g somethin g t o distres s X .  Th e 
vertica l  an d diagona l  link s i n thi s diagra m describ e 
variou s causa l  relationship s betwee n affect s state s 
withi n character s an d acros s characters . 

Affect state maps are constructed for each 
characte r  i n a  story ,  a s a  wa y o f  trackin g tha t 
character' s emotiona l  up s (-i-'s )  an d down s (-'s) ,  an d 
specifi c  plo t  unit s ar e recognize d whe n th e linkage s 
acros s affec t  state s indicat e tha t  a  give n plo t  uni t 
configuratio n ha s bee n encountered .  I f  X  wer e t o 
get  bac k a t  Y  fo r  Y' s retaliation ,  w e woul d hav e tw o 
instance s o f  th e retaliatio n plo t  uni t  sharin g tw o 
common affec t  states : 

X 

? 

(shc.i-ed ) 

» 5 -

A plo t  uni t  grap h fo r  a  stor y ca n b e generate d b y 
creatin g a  grap h nod e fo r  eac h instantiate d plo t 
unit ,  an d placin g arc s betwee n al l  pair s o f  plo t 
unit s tha t  shar e a t  leas t  on e common affec t  state . 
The abov e affec t  stat e ma p yield s a  grap h o f  tw o 
node s connecte d b y a n arc ,  whil e th e BORI S divorc e 
stor y involve s 2 4 plo t  unit s i n a  connecte d grap h 
structure . 

It appears that the connectivity features in a 
plo t  uni t  grap h provid e a  stron g basi s fo r 
summarizatio n algorithms .  When a  story' s plo t  uni t 
grap h contain s a  pivota l  nod e ( a nod e wit h maxima l 
connectivity) ,  w e ca n expec t  a  shor t  summar y o f  th e 
stor y t o b e base d o n th e conceptua l  conten t  o f  tha t 
pivota l  node .  Fo r  exampl e i n th e BORI S divorc e 
story ,  th e hidde n blessin g uni t  i s  pivotal ,  an d w e 
can summariz e th e stor y b y sayin g "Pau l  save d 
himsel f  fro m a  nast y divorc e settlemen t  whe n h e 
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accidentall y foun d hi s wif e i n be d wit h anothe r 
man. "  Th e hidde n blessin g uni t  encode s Paul' s 
discover y a s a n even t  o f  mixe d affec t  states ,  an d a 
synopsi s o f  an y hidde n blessin g ha s t o explai n wha t 
was ultimatel y goo d abou t  a n initiall y  negativ e 
event . 

We have been experimenting with plot units 
primaril y a s a  basi s fo r  narrativ e tex t 
summarization ,  [Lehner t  1980 ,  1981a ,  1981b ; 
Lehnert ,  Black ,  an d Reise r  1981 ;  Reiser ,  Lehnert , 
and Blac k 1981] ,  bu t  thei r  us e a s a  predictiv e 
knowledg e structur e fo r  affectiv e inferenc e remain s 
t o b e explored .  Initia l  effort s i n thi s directio n 
le d t o th e developmen t  o f  a  slightl y highe r  leve l  o f 
memory representatio n (Themati c Affec t  Units )  tha t 
relate s t o adage s an d fable s [Dye r  1981] . 

4. Conclusions 

Our experience with Roseman's affect analysis 
and BORI S suggest s tha t  affectiv e inference s ar e 
dependen t  o n a  substantia l  rang e o f  othe r  inferenc e 
mechanisms .  I t  i s  no t  possibl e t o stud y problem s o f 
affec t  withou t  addressin g seemingl y unrelate d 
proble m areas .  Th e curren t  stat e o f  th e ar t  i n 
languag e processin g allow s u s t o tackl e recognitio n 
technique s involvin g scripts ,  goals ,  plans , 
interpersona l  themes ,  plo t  units ,  an d themati c 
affec t  units ,  al l  o f  whic h ca n contribut e t o affec t 
recognitio n techniques .  Bu t  affec t  analysi s ca n 
als o lea d u s int o largel y uncharte d region s o f 
intentionalit y an d socia l  responsibility ,  jus t  t o 
name tw o area s we'v e discussed . 

We have not attempted to compile a list of all 
th e relate d knowledg e neede d t o handl e affect , 
becaus e thi s lis t  i s  likel y t o b e a  comprehensiv e 
lis t  o f  al l  knowledg e structure s use d fo r  languag e 
processing .  Interestingl y enough ,  ther e wil l 
probabl y b e n o knowledg e structure s devote d 
exclusivel y t o affect .  On e coul d argu e tha t  th e 
presenc e o f  a  Roseman-lik e vecto r  ( + -  +  +  S )  withi n 
computationa l  memor y constitute s a n affect-specifi c 
knowledg e structure .  Bu t  thi s structur e i s jus t  a 
processin g artifact :  w e d o no t  expec t  t o fin d thes e 
vector s i n lon g o r  short-ter m memor y 
representations .  I f  w e neede d t o explicitl y  encod e 
"Joh n wa s angry, "  w e migh t  b e reduce d t o vecto r 
notation ,  bu t  a s soo n a s thi s sentenc e i s embedde d 
i n a  contex t  whic h tell s  u s wha t  happene d t o Joh n 
and wh y h e feel s angry ,  hi s ange r  wil l  likewis e b e 
embedded i n som e large r  structure .  TAU' s fil l  thi s 
rol e already ,  an d plo t  unit s (originall y calle d 
"affec t  units" )  als o operat e alon g thes e lines .  Fo r 
example ,  vindictiv e o r  vengefu l  feeling s ca n b e 
readil y derive d fro m th e retaliatio n plo t  unit . 

In conclusion, I would say that it is 
altogethe r  to o earl y t o pas s judgemen t  o n an y 
specifi c  representationa l  technique s fo r  affects . 
Roseman ha s supplie d th e computationa l  environmen t 
wit h a  valuabl e framewor k i n whic h t o wor k (o r 
perhap s play )  an d othe r  psychologica l  theorie s may 
als o prov e t o b e valuable ,  althoug h I  kno w o f  n o 
other s tha t  hav e bee n (eve n partially )  implemented . 
Thi s particula r  are a i s a  difficul t  on e fo r  A.I . 
implementation s becaus e i t  draw s o n s o man y othe r 
comple x proble m area s i n memor y an d cognition . 

It was nevertheless valuable to attempt an 
implementatio n o f  Roseman' s model ,  i f  onl y fo r  th e 
sak e o f  th e spin-off s tha t  emerged .  B y confrontin g 
problem s o f  affec t  representatio n an d affect-relate d 

inferences ,  w e wer e le d t o th e desig n o f  tw o ne w 
knowledg e structure s fo r  narrativ e tex t  analysis . 
Plo t  unit s an d themati c affec t  unit e wer e natura l 
device s fo r  solvin g affect-oriente d processin g 
problems .  Th e importanc e o f  affectiv e knowledg e 
structure s fo r  memor y representatio n deserve s 
furthe r  exploratio n i n bot h th e psychologica l  an d 
A.I .  researc h paradigms .  Recen t  researc h i n bot h 
area s ha s uncovere d som e provocativ e result s 
concernin g emotio n an d memor y whic h pav e th e wa y fo r 
furthe r  investigations .  Fro m th e A.I .  en d o f  th e 
world ,  w e ar e seein g ho w th e us e o f  plo t  unit s fo r 
narrativ e tex t  summarizatio n suggest s tha t  emotiona l 
state s o f  character s i n a  stor y pla y a  fa r  mor e 
centra l  rol e i n high-leve l  memor y representatio n 
tha n wa s previousl y suspecte d [Lehner t  1981a] .  A t 
th e sam e time ,  psychologist s ar e demonstratin g ho w 
th e mood s an d attitude s o f  experimenta l  subject s ca n 
dramaticall y alte r  thei r  pattern s o f  memor y 
retrieva l  [Bowe r  1981] . 

So affects appear to play many different roles 
i n huma n cognition .  I n particular ,  w e hav e see n ho w 
knowledg e o f  emotiona l  reaction s ca n b e crucia l  t o 
variou s informatio n processin g tasks ,  includin g 
narrativ e tex t  comprehension .  Stil l  a  grea t  dea l  o f 
wor k remain s t o b e don e i f  w e ar e goin g t o full y 
understan d th e role s o f  emotiona l  knowledg e an d 
experienc e i n huma n informatio n processing .  We mus t 
tur n t o psycholog y lab s an d LIS P program s fo r  th e 
answer s t o ou r  questions ,  puttin g asid e th e mor e 
philosophica l  speculation s abou t  machine s an d 
emotions .  I t  wil l  b e muc h easie r  t o resolv e ou r 
speculativ e debate s i n th e fac e o f  som e soli d 
research ,  an d th e qualit y o f  ou r  interdisciplinar y 
dialog s wil l  b e greatl y enhance d b y empirica l 
contribution s fro m psycholog y an d artificia l 
intelligence . 
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