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A L o g i c fo r  E m o t i o n s :  a  basi s fo r  r e a s o n i n g a b o u t  c o m m o n s e n s e 

Dsychological knowledge 

Kathryn E. Sanders 

Departmen t  o f  Compute r  Science ,  Brow n Universit y 

Abstract 

Ther e i s a  bod y o f  commonsens e knowledg e abou t  huma n psycholog y tha t  w e al l  dra w upo n 
i n everyda y lif e t o interpre t  ou r  ow n action s an d thos e o f  th e peopl e aroun d us .  I n thi s paper , 

we defin e a  logi c i n whic h thi s knowledg e ca n b e expressed .  W e focu s o n a  cluste r  o f  emotions , 

includin g approval ,  disapproval ,  guilt ,  an d anger ,  mos t  o f  whic h involv e som e sor t  o f  ethica l 

evaluatio n o f  th e actio n tha t  trigger s them .  A s a  result ,  w e ar e abl e t o dra w o n well-studie d 

concept s fro m deonti c logic ,  suc h a s obligation ,  prohibition ,  an d permission .  W e formaliz e a 

portio n o f  commonsens e psycholog y an d sho w ho w a  simpl e proble m ca n b e solve d usin g ou r 

logic . 

1 Introduction 

There is a body of commonsense knowledge about human psychology that we all draw upon in 

everyda y lif e t o interpre t  ou r  ow n action s an d thos e o f  th e peopl e aroun d us .  Thi s knowledg e i s 

brough t  t o bea r  b y th e reade r  i n interpretin g text s involvin g huma n action s an d reactions . 

I n thi s paper ,  w e defin e a  logi c i n whic h commonsens e knowledg e abou t  huma n psycholog y 

can b e expressed .  W e formaliz e a  portio n o f  thi s knowledg e an d sho w ho w a  simpl e proble m ca n 

be formulate d an d solve d usin g thi s logic .  W e focu s o n a  cluste r  o f  emotions ,  includin g approval , 

disapproval ,  guilt ,  an d anger ,  mos t  o f  whic h involv e som e sor t  o f  ethica l  evaluatio n o f  th e actio n 

tha t  trigger s them .  A s a  result ,  w e ar e abl e t o dra w o n well-studie d concept s fro m deonti c logic , 

suc h a s obligation ,  prohibition ,  an d permission ,  i n formalizin g thi s knowledge . 

I n orde r  t o handl e concret e problems ,  sinc e emotion s d o no t  occu r  i n a  vacuum ,  i t  i s  als o 

necessar y t o formaliz e som e commonsens e knowledg e abou t  action s an d th e probabl e evaluatio n 

of  thos e action s b y th e agent s an d others .  Specifically ,  w e focu s o n a  cluste r  o f  action s havin g 

t o d o wit h ownershi p an d possessio n o f  propert y -  giving ,  lending ,  selling ,  an d stealin g -  an d th e 

predictabl e response s t o thos e actions .  W e demonstrat e tha t  ou r  logi c i s sufficientl y expressiv e t o 

handl e a  variet y o f  informatio n abou t  huma n action s an d responses ,  i n a  wa y tha t  i s substantiall y 

more forma l  tha n previou s wor k i n thi s area . 

I n thi s paper ,  w e focu s o n th e followin g example : 

Jack went to the supermarket. He parked his car in a legal parking place. When he came out, 

i t  wa s gone . 

Infe r  tha t  Jac k wil l  b e angry . 
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In Section 2, we describe the logic used in this paper. In Section 3, we outline a proof of the 

desire d inference .  I n Sectio n 4  w e contras t  ou r  theor y wit h previou s work ,  an d i n Sectio n 5  w e 

presen t  ou r  conclusion s an d discus s futur e work . 

2 The logic 

2.1 Syntax 

In this paper, we use an extension of the temporal logic developed in [Shoham 1988], modified 

t o incorporat e th e thre e moda l  operator s 'want, '  'know, '  an d 'believe. '  W e us e a n S 5 axio m se t 

fo r  'know, '  wea k S 5 fo r  'believe, '  T  withou t  veridicalit y  fo r  'want, '  an d th e inferenc e rule s modu s 

ponen s an d universa l  instantiatio n (cf .  [Hughe s &  Cresswel l  1968]) .  Unlik e Shoham ,  w e assum e 

tha t  th e interv«J s ove r  whic h a n assertio n i s interprete d ar e closed .  Shoha m deliberatel y make s n o 

commitmen t  on e wa y o r  th e other ;  w e hav e foun d that ,  fo r  purpose s o f  ou r  proofs ,  i t  i s  usefu l  t o 

make a  choice ,  an d i n general ,  close d interval s see m mor e intuitive . 

The synta x o f  ou r  languag e i s th e sam e a s i n [Shoha m 1988] ,  wit h th e followin g additions : 

1. The symbols in the language include the three modal operators, 'want,' 'know,' and 'believe.' 

2. If trrria and trrrib are temporal terms and ^ is a modal formula, then TR\JE{trma, trrrib,<f>) 

i s a  formula . 

The se t  o f  moda l  formula s i s define d a s follows : 

(a) If 0 is one of the three modal operators, x is a nontemporal term denoting some per-

son ,  r  i s  a n n-ar y relatio n symbol ,  an d trm,\ ,  ...,tTm ^  ar e nontempora l  terms ,  the n 

[ O X  ( r  trm,i...trmn) )  i s a  moda l  formula . 

(b )  I f  0  i s on e o f  th e thre e moda l  operators ,  x  i s  a  nontempora l  ter m denotin g som e person , 

and 0  i s a  moda l  formula ,  the n { O z  0 )  i s a  moda l  formula . 

2.2 Semantics 

2.2.1 Informal semantics 

Intuitively, the semantics of our language can be understood as follows. We are given a set that 

include s al l  o f  th e possibl e worlds .  Possibl e world s hav e a  tempora l  dimension .  Tha t  is ,  eac h 

possibl e worl d i s a  complet e possibl e histor y o f  th e world ,  lik e a  timelin e extendin g infinitel y fa r 

int o th e pas t  an d th e future . 

I n al l  th e world s tha t  ar e knowledge-accessibl e t o a n agen t  x ,  th e proposition s tha t  x  know s 

abou t  th e past ,  present ,  an d futur e al l  hold .  Al l  othe r  proposition s var y fro m worl d t o world . 

Similarly ,  i n al l  th e world s tha t  ar e belief-accessibl e t o x  (whic h ma y no t  includ e th e 'real '  world , 

i f  X  ha s belief s tha t  ar e inconsisten t  wit h reality )  al l  o f  x' s belief s hold .  Proposition s abou t  whic h 

X ha s n o particula r  opinio n var y fro m worl d t o world .  Finally ,  th e proposition s tha t  x  want s t o b e 

tru e ar e tru e i n al l  th e 'want-accessible '  worlds ,  th e proposition s x  want s t o b e fals e ar e false ,  an d 

proposition s abou t  whic h x  i s indifferen t  var y fro m worl d t o world . 
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2.2. 2 Forma l  semantic s 

Formally, the semantics of our language are as follows: 

Let  £ > b e a  domai n o f  individuals ,  an d le t  P  C  D  h e a .  (nonempty )  subse t  o f  D  consistin g o f 

al l  o f  th e person s i n D .  Le t  P W b e th e se t  o f  al l  possibl e worlds .  Wit h eac h i  G  P  w e associat e 

thre e relation s o n P W,  Bx ,  W^ ,  an d Kx ,  correspondin g t o th e moda l  operator s 'believe' ,  'want' ,  an d 

'know' ,  respectively .  Le t  0  represen t  an y on e o f  th e thre e moda l  operators ,  an d le t  O x represen t  an y 

of  th e thre e relations .  Eac h o f  thes e relation s i s serial ,  i.e. ,  i t  ha s th e propert y tha t  fro m an y give n 

worl d a t  an y time ,  a t  leas t  on e othe r  worl d i s accessible :  Vt̂ i  G  PPV,  Vi,(3it; j  G  P W { O x û t  Wj  <,)) . 

An interpretatio n /  i s  a  functio n tha t  map s th e nonlogica l  symbol s i n th e languag e t o som e elemen t 

of  £> . 

Give n thes e definitions ,  a  sentenc e 0  i s tru e i n a  worl d ly ,  G  P W unde r  a n interpretatio n /  an d 

a variabl e assignmen t  V A i f  an d onl y i f  on e o f  th e followin g i s true : 

1. (j) has the form trnii = trm2 and /(-u;,, trmi) = I{wi,trm2)-

2. 0 has the form trrrii < trrrii and /(x(;,,trmi) < /(ty„ frm2)-

3. (p has the form TRUE(«7-ma, frmb, (r trmi...f7"mn)) and the relation 

I{wî I{trma),I{trmb).,r )  hold s o n I{w ,̂litrrria),I{tTmb),trmi )  throug h 

I{wi ,  Ktrrria) ,  I{trmb) ,  trrrii) . 

4. (f) has the form TK\JE{tTma,trmb,ip), where ip is a. modal formula, in the form tp = {O x Q, 

Ox i s th e relatio n correspondin g t o O ,  an d TR\JE{trma,trTrn,,C )  hold s i n al l  world s Wj  suc h 

tha t  Vi,,fr7n a <  ̂  <  trmb,{O x vJ i  Wj  U)) . 

5. 4> has the form (p\ A (p2, and both 0i and 02 a^re true. 

6. <p has the form -i0i, and (pi is false. 

7. (p has the form V2(/»i, and (p is true under all. variable assignments VA' that agree with VA 

everywher e excep t  possibl y o n z . 

2.2.3 Basic concepts 

As state d above ,  w e us e som e ke y concept s fro m deonti c logic :  'permitted' ,  'prohibited' ,  an d 

'obligated '  [Wrigh t  1951] .  'Permitted '  i s  a  predicat e o n actions .  Thus ,  th e propositio n '(permit -

te d rule s (d o x  a)) '  i s tru e i n a  give n worl d i f  an d onl y i f  th e relatio n correspondin g t o th e symbo l 

'permitted '  hold s o n th e element s correspondin g t o 'rules '  an d '(d o x  a) '  i n tha t  world ,  tha t  is ,  i f 

X i s i n fac t  permitte d b y th e bod y o f  rule s i n questio n (e.g. ,  la w o r  ethics )  t o perfor m tha t  action . 

For  example ,  w e migh t  hav e -i(permitte d La w (d o Antigon e (bur y Polynices)) )  an d -i(permitte d 

Religio n (d o Antigon e -•(bur y Polynices))) .  Permissio n migh t  als o b e grante d b y a n individual ,  fo r 

example ,  (permitte d Wilm a (d o Jac k (tak e car))) . 

'Obligated '  an d 'prohibited '  ar e define d i n term s o f  'permitted '  i n th e usua l  way .  A n actio n 

i s prohibite d i f  performin g i t  i s  no t  permitted .  A n actio n i s obligate d i f  no t  performin g i t  i s  no t 

permitted .  Wher e th e sourc e o f  th e rule s i s religio n o r  ethics ,  thes e predicate s migh t  b e expresse d 

i n term s suc h a s 'right '  an d 'wrong' ,  o r  'should '  an d 'shoul d not. '  Th e mor e genera l  formulatio n 

allow s u s t o expres s a  variet y o f  type s o f  rule s an d prohibition s usin g a  singl e se t  o f  predicates . 
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anger  Vi,t i  <  h,t 3 <  U,y,a , 
[TRUE(  ti.fj ,  (believ e x  T R U E (  U , u ,  (occur s (d o y  a)))) )  A 
T R U E(  ti,f2 ,  (believ e x  T R U E (  tzJi .  (obligate d Ethic s -(d o y  a)))) )  A 
T R U E(  U.t^ ,  (wan t  x  T R U E (  ts,^, -  (occur s (d o y  a)))) )  A 
T R U E(  ti.tj ,  (beUev e x  T R U E (  h .U ,  (kno w y  T R U E (  h , U ,  (obUgate d Ethic s -(d o y  a)))))) ) 

TRUE( ti,£2. (angry x y (do y a) h t^))] 

Yoxi  becom e angr y a t  someon e t /  yo u thin k the y di d somethin g wrong ,  yo u didn' t  wan t  the m t o d o it ,  an d yo u 
thin k the y kne w i t  wa s wrong . 

gratitud e Vr ,  a ,  t j  <  t i  <  ta ,  t a <  t 4 <  <2 ,  y  ̂  i , 
T R U Ef  (i,t, ,  (believ e x  T R U E (  t3,«4 ,  (occur s (d o y  a)))) )  A 
T R U E(  ti,ti ,  (wan t  x  T R U E (  t3,U ,  (occur s (d o y  a)))) )  A 
T R U E(  ti,f2 ,  (believ e x  T R U E (  <3,<, ,  (benefi t  x  (d o y  a)))) )  A 
T R U E(  ti.tz ,  (believ e x  -  T R U E (  t̂ t̂t ,  (conditiona l  (d o y  a)))) ) 

TRUE( fi.tj, (grateful x y (do y a) tj t^))] 

You ar e gratefu l  t o someon e i f  yo u thin k the y di d somethin g tha t  yo u wante d the m t o d o tha t  benefite d you , 
and thei r  actio n wa s no t  conditione d o n receivin g anythin g i n return . 

approva l  7x.y,t i  <  ii.l j  <  t̂ â , 
;TRUE(  ti,t2 ,  (believ e x  T R U E (  t3,t̂ ,  (occur s (d o y  a)))) )  A 
T R U E(  ti,t2 ,  (believ e x  T R U E (  ta.t* ,  (obligate d Ethic s (d o y  a)))) ) 

TRUE( ti,l2, (approve x y (do y a) ic f*))] 

You approv e o f  someon e i f  yo u believ e tha t  the y hav e don e somethin g the y should . 

disapprova l  Vi ,  t/ ,  t i  <  tz ,  f j  <  f4 ,  a , 
T R U E(  ti,£2 ,  (believ e x  T R U E (  t3,£4 ,  (occur s (d o y  a)))) )  A 

T R U E(  ti,t2 .  (believ e x  T R U E (  t3,(4 ,  (obligate d Ethic s -(d o y  a)))) ) 

TRUE( ti,t2, (disapprove x y (do y aj tj f4))] 

You disapprov e o f  someon e i f  yo u believ e tha t  the y hav e don e somethin g the y shouldn't . 

s h a me Vx .  t i  <  t2 ,  t j  <  t 4 <  tj ,  a , 
T R U Ef  t:,ti ,  (believ e x  T R U E (  (3 ,  t4 ,  (occur s (d o x  a)))) )  A 

^y  ̂  z , 
;TRUE(  ti,t2 ,  (believ e x  T R U E (  ti.tz ,  (disapprov e y  x  (d o x  a )  f s î ))) )  A 
T R U E(  ti,t2 ,  (wan t  x  T R U E (  ti,t2 ,  -(disapprov e y  x  (d o x  a )  ̂ 3 U)))) ] 

TRUE( fi,t2, (ashamed x (do x aj h (4))] 

You fee l  ashame d i f  yo u believ e tha t  yo u hav e don e somethin g ttia t  someon e els e think s i s wrong ,  yo u thin k 
the y kno w wha t  you'v e done ,  an d yo u car e wha t  the y think . 

guil t  rX .  t i  <  t-i ,  t i  <  t i  <  ti ,  a . 

T R U Ef  ti,t2 ,  (believ e x  T R U E (  t3,U ,  (occur s fd o x  a)))) )  A 
T R U E(  ti,f2 ,  (believ e x  T R U E (  (3,t4 ,  (obligate d Ethic s -(d o x  a)))) )  A 
T R U E(  «i,t2 ,  (believ e x  T R U E (  f3,t4 ,  (kno w x  T R U E (  tj.t* ,  (obligate d Ethic s -(d o x  a)))))) ) 

TRUE( (1,(2, (guilty X (do X a) ts UJ), 

You fee l  guilt y i f  yo u believ e tha t  yo u hav e don e somethin g tha t  yo u thin k i s wrong ,  an d yo u believ e tha t  yo u 
kne w i t  wa s wron g a t  th e tim e yo u di d it . 

Figure 1: Definitions. 
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Therefore, immediately after Jack parked the car, it was at the parking place. At a certain later 

time ,  th e ca r  wa s no t  a t  th e parkin g place .  Thing s don' t  mov e b y themselves .  Therefore ,  someon e 

must  hav e move d i t  t o anothe r  place .  W h e n thing s ar e moved ,  the y ar e the n a t  th e locatio n t o 

whic h the y wer e moved .  Therefore ,  th e ca r  wa s the n a t  th e plac e t o whic h i t  wa s moved . 

Jac k wa s a t  th e parkin g plac e a t  a  late r  tim e whe n hi s ca r  wa s no t  there .  Peopl e can' t  b e i n 

tw o place s a t  once .  Therefore ,  Jac k wa s no t  a t  th e plac e wher e th e ca r  was . 

Jac k owne d th e car .  Jac k di d no t  posses s th e ne w plac e wher e th e ca r  was .  I f  yo u mov e 

somethin g ou t  o f  someone' s possession ,  yo u hav e take n i t  awa y fro m them .  Therefore ,  someon e 

too k Jack' s ca r  betwee n th e tim e h e parke d i t  an d th e late r  tim e whe n i t  wa s no t  i n it s parkin g 

place . 

Jac k ha d no t  give n anyon e permissio n t o tak e hi s car .  Therefore ,  Jac k ha d no t  give n th e perso n 

who too k hi s ca r  permissio n t o tak e it .  Th e la w permitte d Jac k t o par k th e ca r  wher e h e di d (i.e. , 

i t  wa s a  lega l  parkin g place. )  Th e la w doesn' t  permi t  anyon e t o tak e a  ca r  unles s it' s  parke d i n 

an illega l  location ,  an d the n onl y i f  tha t  perso n i s a n official .  Therefore ,  th e la w di d no t  permi t 

whoeve r  too k Jack' s ca r  t o d o so . 

The perso n wh o too k Jack' s ca r  di d no t  ow n th e car .  I t  i s  wron g (ethicall y prohibited )  t o tak e 

somethin g tha t  yo u d o no t  ow n withou t  th e owner' s permission .  Therefore ,  i t  wa s wron g fo r  th e 

perso n wh o too k Jack' s ca r  t o d o so . 

Jac k believe s th e axiom s an d ca n reason .  Therefore ,  Jac k believe s tha t  someon e too k hi s car , 

and tha t  i t  wa s wron g fo r  the m t o d o so .  I f  yo u ow n somethin g an d yo u haven' t  give n anyon e 

permissio n t o tak e it ,  yo u don' t  wan t  anyon e t o tak e it .  Therefore ,  Jac k didn' t  wan t  anyon e t o tak e 

hi s car .  Therefore ,  h e wa s no t  gratefu l  t o th e perso n wh o too k hi s car . 

AU agent s believ e th e axiom s an d ca n reason .  Therefore ,  whoeve r  too k Jack' s ca r  kne w i t  wa s 

wrong .  Jac k believe s tha t  whoeve r  too k hi s ca r  kne w i t  wa s wrong .  I t  follows ,  therefore ,  tha t  Jac k 

i s angr y a t  th e perso n w h o too k hi s car . 

4 Previous Work 

Little previous work has been done in this area. Kube encodes a portion of commonsense psychology 

i n [Kub e 1985] .  Tha t  pape r  i s restricte d t o th e way s i n whic h peopl e acquir e knowledg e an d beliefs , 

however ,  an d explicitl y  exclude s an y consideratio n o f  agents '  emotion s o r  intent . 

Dyer  attempte d t o incorporat e psychologica l  knowledg e i n hi s progra m B O R I S [Dye r  1983] . 

BORIS' S approac h i s substantiall y  les s forma l  tha n ours .  I t  processe s on e basi c stor y usin g som e 

fairl y simpl e definition s fo r  th e emotion s involved .  Accordin g t o thes e definitions ,  fo r  example ,  yo u 

ar e happ y i f  yo u achiev e a  goal ;  i f  on e o f  you r  goal s fail s  o r  i s  suspended ,  yo u wil l  b e unhappy ; 

and i f  someon e els e cause s thi s t o happen ,  yo u wil l  becom e angry .  I n general ,  thes e goal-oriente d 

definition s ar e to o broad .  Fo r  example ,  i f  yo u g o t o th e ban k an d ther e i s a  lon g lin e a t  th e telle r 

machine ,  th e peopl e i n fron t  o f  yo u ar e causin g on e o f  you r  goal s t o fai l  -  th e goa l  o f  obtainin g cas h 

quickly .  BORIS' S definitio n woul d sanctio n th e inferenc e tha t  yo u ar e angr y a t  al l  o f  thos e people . 

Our  definitio n woul d allo w thi s inferenc e onl y i f  yc u believ e tha t  thei r  action s ar e wrong .  Yo u 

migh t  becom e angr y a t  someon e w h o cu t  i n fron t  o f  yo u i n line ,  bu t  no t  a t  someon e w h o merel y 

arrive d a  fe w minute s befor e you . 

Lehner t  use s th e concep t  o f  'affec t  states '  i n he r  wor k o n plo t  units ,  bu t  make s n o attemp t  t o 

describ e comple x emotiona l  state s i n detail .  Fo r  he r  purposes ,  i t  wa s onl y necessar y t o distinguis h 

betwee n positiv e events ,  negativ e events ,  an d neutra l  menta l  state s [Lehner t  1982] . 
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There is a substantial psychological literature on the emotions (See, e.g., [Strongman 1987 

and work s cite d therein. )  I n general ,  however ,  thi s researc h disregard s th e kin d o f  commonsens e 

knowledg e w e ar e tryin g t o encode .  Instead ,  i t  focuse s o n suc h issue s a s th e possibl e neurologica l 

cause s o f  emotion .  Rathe r  tha n usin g a  commonsens e theor y a s a  basis ,  eve n whe n addressin g som e 

of  th e sam e issues ,  thi s wor k usuall y take s a n independen t  approac h [Harr e e t  al .  1985] . 

For  ou r  purposes ,  th e mos t  interestin g o f  th e psychologica l  theorie s o f  emotio n i s th e recen t 

wor k b y Ortony ,  Clore ,  an d Collin s [Orton y e t  al .  1988] .  The y attemp t  t o characteriz e th e rang e 

of  possibl e emotions ,  rathe r  tha n th e emotiona l  reaction s whic h woul d b e likel y t o occu r  i n a  give n 

culture .  The y provid e a  broa d framewor k whic h i s generall y consisten t  wit h ou r  theory .  Lik e ou r 

theory ,  their s assume s tha t  emotion s ar e largel y cause d b y people' s belief s abou t  th e world .  The y 

divid e thes e belief s int o thre e categorie s -  belief s abou t  actions ,  events ,  an d object s -  an d divid e 

emotion s int o thre e basi c types ,  accordin g t o th e kin d o f  belief s b y whic h the y ar e triggered .  Thus , 

fo r  example ,  jo y i s a  positiv e respons e t o a n event ,  approva l  i s a  positiv e respons e t o a n action ,  an d 

likin g i s a  positiv e respons e t o a n object .  Al l  o f  th e emotion s considere d i n thi s pape r  woul d b e 

classifie d a s response s t o actions ;  however ,  ou r  theor y coul d b e extende d t o handl e th e othe r  area s 

as well . 

Unlik e ou r  theory ,  Orton y e t  al.' s  wor k i s ver y informal .  Thei r  terminolog y ha s n o precis e 

semantics .  Th e reade r  mus t  rel y o n intuitio n fo r  th e meanin g o f  term s suc h a s 'joy-intensity '  an d 

'fear-potentiad. '  Ou r  theor y introduce s ver y fe w ne w primitives ;  mos t  predicate s ar e define d i n 

term s o f  a  smal l  grou p o f  well-studie d logica l  concepts .  Cai n an d O'Rork e hav e begu n workin g 

on a  story-comprehensio n syste m base d o n Orton y e t  al.' s  theor y [Cai n &  O'Rork e 1988] .  Becaus e 

of  th e breadt h o f  th e underlyin g theory ,  thei r  syste m promise s t o b e mor e genera l  tha n BORIS ; 

however ,  lik e B O R I S ,  thi s wor k shoul d b e considerabl y les s forma l  tha n ours . 

5 Conclusions and Future Work 

In this paper, we define a logic in which commonsense knowledge about human psychology can be 

expressed .  W e demonstrate ,  b y formulatin g an d solvin g a  se t  o f  benchmar k problems ,  tha t  ou r  logi c 

i s sufficientl y expressiv e t o handl e a  variet y o f  informatio n abou t  h u m a n action s an d responses ,  i n 

a wa y tha t  i s substantiall y  mor e forma l  tha n previou s wor k i n th e area . 

Obviou s extension s t o thi s wor k includ e definin g furthe r  emotions ,  suc h a s hope ,  fear ,  surprise , 

an d impatience ,  alon g wit h thei r  cause s an d results .  Becaus e ou r  theor y i s compositional ,  som e 

extension s fal l  easil y ou t  o f  th e definitions .  Fo r  example ,  w e coul d defin e a n emotio n tha t  migh t  b e 

labelle d 'remorse '  -  th e respons e whe n yo u realiz e tha t  yo u hav e don e somethin g wrong ,  althoug h 

yo u didn' t  kno w i t  wa s wron g a t  th e tim e -  b y modifyin g th e definitio n o f  guil t  onl y slightly .  Othe r 

extension s coul d b e obtaine d b y incorporatin g additiona l  predicate s i n th e theory ,  perhap s followin g 

th e direction s suggeste d b y [Orton y e t  al .  1988] . 

I n addition ,  w e woul d lik e t o integrat e thi s wor k wit h a  theor y o f  causation .  Not e tha t  ou r 

rule s purpor t  t o defin e th e 'causes '  o f  state s suc h a s anger ,  gratitude ,  shame ,  an d guilt .  Fo r  th e 

purpose s o f  thi s paper ,  w e hav e treate d th e causa l  inference s a s thoug h the y wer e equivalen t  t o 

logica l  inference .  Technically ,  however ,  causatio n i s bot h stronge r  an d weake r  tha n logica l  inferenc e 

(se e discussio n i n [Shoha m 1988] ,  pp .  166fF) .  Ideally ,  a  theor y o f  emotio n shoul d incorporat e a  mor e 

precis e understandin g o f  causation . 

Finally ,  w e woul d lik e t o explor e a n issu e tha t  i s implici t  i n th e definition s o f  approva l  an d 

disapproval .  Not e tha t  thes e definition s impl y a  symmetr y betwee n approva l  an d disapprova l  tha t 
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does not in fact exist. You might disapprove of someone for committing murder (say), but you do 

not  constantl y approv e o f  everyon e wh o i s refrainin g fro m murder .  Similarly ,  yo u migh t  approv e o f 

someone wh o make s a  larg e donatio n t o charity ,  whil e no t  disapprovin g o f  thos e wh o d o not . 

Thi s asymmetr y result s fro m a  fac t  whic h hold s fo r  th e othe r  emotion s a s well :  typically ,  w e 

onl y reac t  t o thing s whic h w e d o no t  tak e fo r  granted .  Yo u d o no t  approv e o f  everyon e wh o fail s 

t o commi t  murder ,  unles s th e temptatio n i s particularl y severe ,  becaus e yo u tak e tha t  fo r  granted . 

Similarly ,  childre n ar e no t  alway s gratefu l  fo r  th e food ,  clothing ,  an d shelte r  provide d b y thei r 

parents ,  becaus e the y tak e thes e thing s fo r  granted .  W e onl y reac t  t o action s tha t  w e notice ,  fo r 

one reaso n o r  another .  Possibl y thi s coul d b e tie d i n wit h notion s o f  awarenes s an d implicit/explici t 

knowledg e fro m epistemi c logi c [Fagi n &  Halper n 1985] .  Developin g a  genera l  theor y o f  wha t  kind s 

of  thing s w e tak e fo r  grante d i s outsid e th e scop e o f  thi s paper ,  bu t  remain s a n interestin g are a fo r 

futur e work . 
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