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A b s t r a c t 

Some researchers suggest that depression may be 
adaptive .  Fo r  example ,  depressio n ma y provid e a n 
opportunit y t o asses s ou r  capabilities ,  lear n fro m 
past  failures ,  u-igge r  persona l  change ,  an d allocat e 
activit y awa y fro m futil e goals .  Ther e ar e a  variet y 
of  signatur e phenomen a associate d wit h depression , 
suc h a s stable ,  global ,  an d interna l  style s of  failur e 
explanation ,  a  cognitiv e loo p o f  failure-relate d 
rumination ,  lowere d self-estee m an d self-efficacy ,  an d 
increase d negativ e generalizatio n an d depressiv e 
realism .  DEPlanne r  i s presented ,  a  simulate d agen t 
tha t  adapt s t o failur e i n a  simulate d environmen t  an d 
exhibit s eigh t  targete d signatur e phenomen a o f 
depression . 

I n t roduc t i o n 

Some types of depression in response to personal 
failur e ma y b e adaptive .  Taylo r  (1989 ,  p .  225 ) 
suggest s tha t  depressio n serve s a s a  realit y check ,  a n 
opportunit y t o tak e "realisti c stoc k o f  wha t  on e i s an d 
wher e on e i s going "  an d mak e "accurat e assessmen t  o f 
hi s o r  he r  capabilities. "  William s e t  al .  (1988 ,  p . 
183)  sugges t  tha t  depressio n facilitate s copin g wit h 
long-ter m problem s b y "strategi c acces s t o previou s 
problem-solvin g attempts. "  Flac h (1974 )  an d Gu t 
(1989 )  argu e tha t  depressio n i s a  norma l  respons e t o 
persona l  failure ,  an d i s necessar y fo r  persona l  change . 
Nesse (1991 )  hypothesize s tha t  decrease d moo d reduce s 
activit y i n siuiation s wher e effor t  wil l  no t  b e rewarded , 
allocatin g energ y awa y fro m ba d investments .  I f 
depressio n ca n serv e a n adaptiv e function ,  the n perh^) s 
a simulate d agen t  ca n b e designe d i n suc h a  wa y a s t o 
adap t  t o failur e whil e exhibitin g signatur e phenomen a 
of  depression .  DEPlanner ,  base d o n idea s discusse d i n 
Webste r  e t  al .  (1988) ,  i s  suc h a n adaptiv e agent . 

O v e r v i e w o f  D E P l a n n e r  S i m u l a t i o n 

DEPlanner is a nonlinear planner (Chapman, 1987) 
tha t  generate s sequence s o f  instantiate d STRIPS-styl e 
operator s i n respons e t o initia l  an d goa l  states .  Sinc e 
representin g th e socia l  environmen t  o f  a  huma n i s s o 
complex ,  an d sinc e somethin g lik e depressio n ma y b e 
generall y usefu l  fo r  adaptin g t o som e kind s o f 
environmenta l  change ,  plannin g an d learnin g occu r  i n 
a Blocksworl d micro-world .  DEPlanner' s environmen t 
i s a  descriptio n o f  a  se t  o f  block s stacke d o n eac h othe r 
and scattere d amon g location s o n a  table .  Goal s ar e 
conjunction s of  targete d bloc k configurations .  A  pla n 
i s a  sequenc e o f  bloc k movements .  Successe s hav e 
positiv e utilities ,  an d failure s negativ e utilities . 
Interaction s betwee n DEPlanne r  an d it s environmen t 
occu r  throug h th e us e o f  a  proble m generato r  tha t 
produce s a  strea m o f  randoml y constructe d 
Blocksworl d problems .  Th e proble m generato r 
periodicall y change s interna l  rule s tha t  determin e 
whethe r  on e bloc k ca n b e stacke d o n anothe r  bloc k o r 
location .  A  pla n violatin g suc h a  rul e result s i n 
failure ,  an d a  deductio n fro m DEPlanner' s score . 
DEPlanner' s tas k i s t o adap t  i n suc h a  wa y a s t o 
maximiz e tota l  utilit y  accrue d durin g interaction s wit h 
th e proble m generator . 

/declarative ^ 
vJCnowledge ^ 

Isodi c 
no w e d 

/''ProceduraT N 
VjOTowledge ^ 

Thi s researc h wa s supporte d b y th e Universit y o f 
Pittsburg h Alzheime r  Diseas e Researc h Center . 

Informatio n Flo w i n DEPlanne r 
Fig .  1 

Like Soar (Rosenbloom et al. 1991) DEPlanner 
relie s o n declarative ,  procedural ,  an d episodi c 
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representations .  Fig .  1  depict s th e flo w o f 
informatio n amon g them .  Declarativ e knowledg e 
correspond s t o representation s o f  whic h bloc k ca n b e 
stacke d o n whic h bloc k o r  location .  ( A S S U M E 
( S T A C K O N A B LE B  ?X) )  mean s tha t  bloc k A  ca n b e 
stacke d anywhere .  Fig .  2  illustrate s a  pla n operator . 
The "SENSE "  precondition s matc h agains t  th e proble m 
descriptio n provide d b y th e proble m generator ,  whil e 
th e " A S S U M E "  preconditio n match s agains t 
DEPlanner' s revisabl e assumption s i n declarativ e 
memory.  Thus ,  changin g declarativ e assumption s ca n 
resul t  i n th e productio n o f  differen t  plans . 

#S(OP 
J 4 A M E M O VE ;mov e 
:VARS (? X ? Y ?Z )  : x from y  t o z 
:PRE(X>NDS 

((ASSUME (STACKONABLE ? X ?Z) ) 
;inatche s revisabl e assumptio n 

(SENSE (CLEA R ?X));matche s proble m descriptio n 
(SENSE (CLEA R ?Z)) :  " 
(SENSE (O N ?X?Y))) ;  " 

:ADD-US T ((SENS E (O N ? X ?Z) ) 
(SENSE (CLEA R ?Y) ) 

:DEL-US T ((SENS E (O N ? X ?Y) ) 
(SENSE (CLEA R ?Z))) ) 

DEPlanner Operator 
Fig .  2 

Procedura l  knowledg e consist s o f  plan s lik e 
( ( M O V E B  L O C I )  ( M O V E A  B) )  (alon g wit h 

appropriat e precondition s an d effects) .  Episodi c 
knowledg e i s base d o n a  tim e stamp ,  proble m initia l 
stat e an d goals ,  th e pla n used ,  an d outcom e (succes s o r 
failure) . 

DEPlanner' s declarativ e knowledg e change s i n 
respons e t o pattern s o f  failur e an d succes s observe d i n 
episodi c knowledg e ( A i n Fig .  I) .  Procedura l 
knowledg e arise s fro m th e applicatio n o f  declarativ e 
knowledg e ( B i n Fig .  1) .  creatin g a  practic e effec t 
(DEPlanne r  become s faste r  wit h experience) .  I n orde r 
t o chang e declarativ e knowledg e o n th e basi s o f 
experience ,  th e result s o f  usin g procedura l  knowledg e 
ar e recorde d i n th e for m o f  episodi c knowledg e ( C i n 
Fig .  1) .  W h e n failure s i n episodi c memor y trigge r 
change s i n declarativ e memory ,  procedura l  knowledg e 
must  als o chang e i n orde r  t o remai n a  compile d 
versio n o f  declarativ e knowledge .  DEPlanner' s 
depressio n i s th e computationall y expensiv e proces s o f 
consultin g episodi c knowledg e (retrievin g pas t 
failures) ,  modifyin g declarativ e knowledg e (explainin g 
pattern s o f  failure) ,  an d compilin g ne w procedura l 
knowledg e (creatin g ne w plans) .  Specialize d contro l 
mechanism s suppres s depressio n unless ,  an d until , 
futur e benefit s o f  depressio n ar e estimate d t o outweig h 
curren t  costs . 
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Interactio n Betwee n DEPlanne r  (left )  an d Proble m Generato r  (right ) 
Fig .  3 



Th e flowchart  i n Fig .  3  depict s th e flow  o f 
informatio n an d contro l  between ,  an d within , 
DEPlanne r  an d it s proble m generator .  Th e proble m 
generato r  produce s a  proble m (1-4 ,  Fig .  3) . 
DEPlanne r  return s a  pla n (5-7 ,  Fig .  3) .  Th e proble m 
generato r  determine s whethe r  th e pla n i s a  succes s (8 -
9,  Fig .  3) .  An d DEPlanner ,  i f  certai n criteri a ar e met , 
get s "depressed "  (10-18 .  Fig .  3) . 

DEPlanne r  graduall y increase s it s averag e respons e 
spee d b y reusin g plan s (5 ,  Fig .  3) .  Plan s ca n b e 
store d (7 .  Fig .  3 )  afte r  generatio n (6 ,  Fig .  3 )  i n 
respons e t o problem s pose d b y th e proble m generator , 
or  the y ca n b e regenerated  a n store d (1 6 an d 17 ,  Fig .  3 ) 
unde r  ne w assumption s i n respons e t o memorie s o f 
ol d problem s (15 ,  Fig .  3) .  Th e proble m generato r 
periodicall y change s interna l  rule s abou t  whic h bloc k 
can b e stacke d o n whic h bloc k o r  locatio n ( 2 an d 3 , 
Fig .  3) .  I f  DEPlanne r  finds a  se t  o f  assumption s tha t 
explain s th e observe d patter n o f  recen t  failur e (1 0 an d 
11,  Fig .  3 )  i t  calculate s a  numerica l  heuristi c Expecte d 
Utilit y  o f  Depressio n ( E U D )  (12 ,  Fig .  3) .  I f  E U D i s 
positiv e (13 ,  Fig .  3 )  the n DEPlanne r  change s it s 
assumption s (14 ,  Fig.3 )  an d retrieve s previou s 
problem-solvin g episode s n o w predicte d t o resul t  i n 
failur e (15 ,  Fig .  3) .  Fo r  eac h episod e (18 ,  Fig .  3 ) 
DEPlanne r  generate s a  n e w pla n unde r  ne w 
assumption s (16 ,  Fig .  3 )  an d store s i t  (17 ,  Fig .  3) . 

Signature Phenomena of Depression 

a s D e s i g n Cons t ra in t s o n D E P l a n n e r 

I used eight signature phenomena, culled from the 
researc h literatur e o n depression ,  a s a  se t  o f  desig n 
constraint s o n th e constructio n o f  DEPlanner :  stable , 
global ,  an d interna l  style s o f  failur e explanatio n 
(Peterso n &  Seligman ,  1984) ;  a  cognitiv e loo p o f 
failure-relate d ruminatio n (Ingram ,  1984) ;  lowere d self -
estee m (Musso n &  Alloy ,  1988 )  an d self-efficac y 
(Bandura ,  1977 ;  Rehm ,  1988) ;  an d increase d negativ e 
generalizatio n (Bec k e t  al .  1979 )  an d depressiv e 
realis m (Allo y &  Abramson ,  1988) .  M y tas k wa s 
constructin g a  simulate d agen t  tha t  adapt s t o change s 
i n a  simulate d environment ,  an d exhibit s a s man y 
signatur e phenomen a o f  depressio n a s possible . 

The first  thre e phenomen a (stability ,  globality ,  an d 
intemality )  concer n th e kind s o f  event s tha t  ar e mos t 
likel y t o trigge r  a  depression .  I t  i s  no t  failur e itself , 
but  rathe r  explanatio n fo r  failur e tha t  serve s a s a 
trigger .  Failur e atuibution s tha t  ar e stabl e (continuin g 
t o b e tru e i n th e future) ,  globa l  (affectin g man y 
importan t  goals) ,  an d interna l  (havin g bee n avoidable ) 
ar e mos t  likel y t o precipitat e depressio n (Peterso n & 
Seligman ,  1984) .  Eac h dimensio n ca n b e mappe d t o a 
differen t  aspec t  o f  th e formul a (Eq .  I )  use d t o trigge r 
or  suppres s DEPlanner' s analo g o f  adaptiv e deiH'ession . 

I f  DEPlanne r  finds  a  parsimoniou s explanatio n fo r  a 
recen t  patter n o f  failures ,  i n term s o f  a  chang e i n 

assumptions ,  DEPlanne r  use s Eq .  1  t o calculat e th e 
Expecte d Utilit y  o f  Depressio n ( E U D ) .  I f  E U D i s 
positiv e fo r  forgoin g curren t  opportunitie s (PG I  time s 
P A U ) ,  bu t  preparin g fo r  futur e opportunitie s (PS I 
time s P M U ) ,  the n DEPlanne r  get s "depressed. "  I f  th e 
E UD i s negativ e the n DEPlanne r  "shrag s off *  failur e 
and move s on . 

PMU = average Plan Marginal Utility per unit time 
{differenc e i n utilit y  accrue d pe r  uni t  tim e 
betwee n havin g an d no t  havin g a  plan ) 

PSI  =  averag e Pla n Soundnes s Interva l 
(lengt h o f  tim e ove r  whic h a  pla n wil l  prov e 
useful ) 

P AU =  averag e Pla n Achievabl e Utilit y  pe r  uni t  tim e 
{utilit y  accrue d pe r  uni t  tim e fro m curren t 
repertoir e o f  plans ) 

PGI  =  averag e Pla n Generatio n Interva l 
{lengt h o f  tim e require d t o generat e apian ) 

E UD =  ( P M U *  PSI )  -  ( P A U *  PGI ) Eq. l 

The parameter s i n Eq .  1  ca n b e associate d wit h th e 
thre e dimension s o f  failur e attributio n i n suc h a  wa y 
tha t  increasin g stability ,  globality ,  o r  intemalit y 
correspon d t o increasin g E U D an d likelihoo d o f 
depression .  Th e mor e stabl e a n environment ,  th e 
longe r  a  perio d o f  tim e ove r  whic h th e benefit s o f  a 
precompute d pla n ca n b e amortized .  Therefor e 
stabilit y  i s  associate d wit h th e PS I  parameter .  Th e 
mor e globall y importan t  a n environmenta l  change ,  th e 
large r  th e numbe r  o f  importan t  affecte d goals .  Bot h 
P MU an d P A U ca n b e associate d wit h globalit y ( P M U 
positively ,  an d P A U negatively )  becaus e the y bot h 
var y wit h th e tota l  utilit y  affecte d (i n PMU' s case )  o r 
unaffecte d (i n PAU' s case) .  A s fo r  intemality ,  a n 
interna l  failur e attributio n i s on e i n whic h w e believ e 
tha t  w e coul d hav e avoide d failur e i f  w e ha d pursue d a n 
alternativ e cours e o f  action .  I n DEPlanner' s cas e a n 
alternativ e cours e o f  actio n i s a n alternativ e plan .  Th e 
les s effor t  o r  tim e require d t o generat e a n alternativ e 
plan ,  th e mor e interna l  shoul d b e th e attribution . 
Conversely ,  impossibl e plans ,  whic h hav e infinitel y 
lon g generatio n times ,  shoul d resul t  i n larg e PGI's . 
Therefor e intemalit y  i s mappe d t o 1. 0 /  PGI . 

W h en DEPlanner' s depressio n ensues ,  fiv e mor e 
signatur e phenomen a appear :  th e cognitiv e loo p o f 
failure-relate d rumination ,  lowere d self-estee m an d self -
efficacy ,  an d increase d negativ e generalizatio n an d 
depressiv e realism . 

Depresse d peopl e experienc e a  cognitiv e loo p o f 
failure-relate d thought s tha t  distrac t  the m fro m 
normall y enjoyabl e activitie s (Ingram ,  1984) .  Durin g 
th e cognitiv e loo p peopl e thin k abou t  pas t  failures , 
construc t  possibl e explanations ,  an d conside r  futur e 
implications .  W h e n th e cognitiv e loo p recedes, 
peopl e ofte n mak e importan t  change s i n thei r  live s 
(suc h a s changin g thei r  expectation s o r  focusin g o n 



differen t  goals) .  I n DEPlanne r  th e cognitiv e loo p 
consist s o f  retrieving  failure s fro m a  memor y o f  pas t 
problem-solvin g episode s (accountin g fo r  Willia m e t 
al.' s  (1988 ,  p .  183 )  "strategi c acces s t o previou s 
problem-solvin g attempts.") ,  searchin g fo r  failur e 
explanation s (accountin g fo r  Taylor' s (1989 ,  p .  225 ) 
"accurat e assessmen t  o f  hi s o r  he r  capabilities") ,  an d 
generatin g ne w plan s unde r  ne w assumptions .  Thus , 
DEPlanner' s analo g o f  th e cognitiv e loo p i s a t  th e cor e 
of  DEPlanner' s adaptiv e ability . 

Willia m Jame s define d self-estee m t o b e tota l 
successe s divide d b y tota l  pretension s (James ,  1890) . 
I n DEPlanner' s case ,  self-estee m i s th e tota l  utilit y  o f 
achievabl e goal s divide d b y th e tota l  utilit y  o f  al l 
goal s i n episodi c memory .  Self-estee m range s fro m 
0. 0 (n o goal s ar e possible )  t o 1. 0 (al l  goal s ar e 
possible) . 

Self-efficacy ,  roughly  th e subjectiv e probabilit y  tha t 
a goa l  ca n b e accomplished ,  i s though t  t o dro p durin g 
depressio n (Rehm ,  1988) .  I n DEPlanne r  self-efficac y 
i s define d i n a  simila r  fashio n t o self-esteem ,  excep t 
tha t  utilit y  i s  no t  take n int o account :  tota l  numbe r  o f 
attainabl e goal s divide d b y tota l  numbe r  o f  goals . 

Peopl e w h o ar e vulnerabl e t o depressio n ar e mor e 
likel y t o arriv e a t  negativ e self-deprecatin g 
generalization s i n respons e t o smal l  setback s (Bec k e t 
al .  1979) .  Fo r  exampl e a  mothe r  whos e chil d 
complain s o f  a  col d breakfas t  ma y decid e sh e i s a  ba d 
mother ,  rathe r  tha n sh e i s no t  a  perfec t  cook . 
DEPlanner' s assumptions ,  abou t  whic h bloc k ca n b e 
stacke d o n whic h bloc k o r  location ,  ar e indexe d i n a 
hierarchy ,  wit h mor e genera l  assumption s towar d th e 
top ,  an d mor e specifi c  assumption s towar d th e 
bottom .  (Retractin g ( A S S U M E ( S T A C K O N A B LE B 
?X) )  i s mor e genera l  tha n retractin g ( A S S U M E 
( S T A C K O N A B LE B  A) )  becaus e retractin g 
( A S S U ME ( S T A C K O N A B LE B  ?X) )  effectivel y 
retracts  al l  assumption s beneat h i t  i n th e hierarchy. ) 
Give n a  se t  o f  successfu l  an d failin g pas t  problem -
solvin g attempts ,  DEPlanne r  finds  position s i n th e 
generalizatio n hierarch y tha t  predic t  th e patter n o f 
successe s an d failures .  Th e mor e genera l  a  failur e 
attribution ,  th e mor e " A S S U M E "  precondition s ar e 
unsatisfied ,  an d th e longe r  DEPlanne r  spend s 
precomputin g ne w plans .  Thu s DEPlanner' s behavio r 
i s consisten t  wit h th e correlatio n betwee n huma n 
negativ e generalizatio n an d depression .  DEPlanner' s 
measur e o f  negativ e generalizatio n i s th e numbe r  o f 
retracted  assumption s divide d b y th e tota l  numbe r  o f 
possibl e assumptions . 

The depressiv e realis m phenomeno n i s particularl y 
problemati c fo r  othe r  theorie s o f  depression .  I n som e 
ways ,  mildl y depresse d peopl e appea r  t o b e mor e 
accurat e informatio n processor s tha n nondepresse d 
peopl e (Allo y & .  Abramson ,  1988) .  Fo r  example , 
nondepresse d peopl e see m t o over-estimat e thei r 
chance s o f  succes s a t  a  variet y o f  tasks ,  whil e 
depresse d peopl e ar e relativel y mor e accurate .  A 

simpl e measur e o f  DEPlanner' s depressiv e realis m i s 
tota l  actua l  goal  utilit y  (accordin g t o correc t 
assumption s availabl e i n th e proble m generator ) 
divide d b y tota l  predicte d goa l  utilit y  (accordin g t o 
DEPlanner' s o w n assumption s an d plans) .  Durin g 
depression ,  DEPlanner' s measur e o f  depressiv e realis m 
increase s becaus e DEPlanner' s assumption s becom e 
more accurate . 

C o m p a r i n g D E P l a n n e r ' s B e h a v i o r  t o 

S igna tu r e P h e n o m e n a o f  D e p r e s s i o n 

Cognitive modellers aspire to detailed statistical 
comparison s betwee n th e behavio r  o f  thei r  simulation s 
and huma n subjects .  Howeve r  man y simulations , 
especiall y thos e tha t  ar e th e first  t o mode l  a 
psychologica l  process ,  d o wel l  t o qualitativel y matc h a 
set  o f  signatur e behavior s obtain ^  fro m th e researc h 
literature .  DEPlanne r  i s i n thi s latte r  category .  I n 
orde r  t o confir m tha t  DEPlanne r  behave s accordin g t o 
it s intende d design ,  a n experimen t  (Fig .  4 )  wa s 
devised . 

The valu e o f  eac h number ,  o r  chang e i n value ,  i s 
not  importan t  fo r  th e purpos e o f  thi s qualitativ e 
assessment .  I t  i s  th e orde r  an d directio n o f  chang e tha t 
i s relevant .  Eac h o f  th e tw o decisio n boxe s 
correspond s t o a n experimenta l  manipulation .  Bo x 1 
correspond s t o th e presenc e o r  absenc e o f  a  stable , 
global ,  an d interna l  environmenta l  change .  Bo x 2 
correspond s t o th e presenc e o r  absenc e o f  DEPlanner' s 
analo g o f  adaptiv e depression . 

DEPlanner' s proble m generato r  ha s "knobs "  tha t 
influenc e th e frequenc y o f  chang e (stability) ,  th e 
frequenc y an d tota l  utilit y  o f  goal s affecte d (globality) , 
and lengt h o f  tim e require d t o construc t  plan s 
(internality) .  I n orde r  t o se t  thes e parameters , 
DEPlanner' s assumptions ,  plans ,  an d pas t  problem -
solvin g attempt s ar e accessed ,  bu t  no t  changed .  Th e 
resultin g statistic s ar e use d t o determin e whic h rule s t o 
chang e i n th e iM^oble m generator ,  an d ho w often . 

Beneat h th e path s leavin g bo x 1  ar e table s o f 
number s representin g stabilit y  (St) ,  globalit y  (Gl) ,  an d 
internalit y  (In) .  The y ar e highe r  o n th e uppe r  pat h 
(se e "Compar e 1" ,  Fig .  4) ,  consisten t  wit h highe r 
stability ,  globaUty ,  an d internality .  Her e th e Expecte d 
Utilit y  o f  Dqjressio n ( E U D )  i s positiv e an d trigger s 
DEPlanner' s adaptiv e depressio n (se e "Compar e 2" , 
Fig .  4) .  I n th e lo w stability ,  globality ,  an d internalit y 
conditio n E U D i s negativ e (bu t  almos t  positive )  an d 
DEPlanne r  suppresse s it s depression . 

Box 2  correspond s t o enablin g (uppe r  path )  o r 
disablin g (lowe r  path )  DEPlanner' s adaptiv e 
depression .  Wher e adaptiv e depressio n i s enabled ,  w e 
see th e signatur e phenomen a o f  decrease d self-estee m 
(Es )  an d self-efficac y (Ef) ,  an d increase d negativ e 
generalizatio n (Ge )  an d depressiv e realis m (Re )  (se e 
"Compar e 3" ,  Fig .  4) .  Self-estee m an d self-efficac y 
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hav e identica l  value s becaus e th e curren t  versio n o f 
DEPlanner' s proble m generato r  assign s th e sam e 
utilitie s t o al l  problem-solvin g attempt s (S. O fo r 
successe s an d -5. 0 fo r  failures) .  Thes e number s woul d 
diverg e i f  differen t  problem s ha d differen t  utilities . 

Self-estee m an d self-efficac y dro p becaus e th e tota l 
utilit y  o f  unthreatene d goal s drops .  Negativ e 
generalizatio n increase s i n thi s particula r  cas e becaus e 
DEPlanne r  retract s ( A S S U M E ( S T A C K O N A B LE B 
?X)) ,  effectivel y retractin g a  larg e numbe r  o f 
assumptions .  Correctin g DEPlanner' s assumption s 
increase s DEPlanner' s measur e o f  depressio n realism . 

Eventuall y al l  plan s tha t  ca n b e precomputed ,  hav e 
been precomputed ,  an d self-estee m an d self-efficac y 
move almost ,  bu t  no t  quite ,  bac k t o thei r  origina l 
values .  The y fai l  t o reac h 1. 0 becaus e som e plan s ar e 
impossibl e i n ligh t  o f  th e chang e i n assumptions . 
For  instance ,  a  goa l  se t  tha t  include s ( O N B  A )  i s 
impossibl e becaus e ( A S S U M E ( S T A C K O N A B LE B 
A)  ha s bee n retracted . 

I n eithe r  condition ,  dejMiession-enable d o r  depression -
disabled ,  th e DEPlanne r  simulatio n continue s unti l  th e 
nex t  chang e i n th e environment ,  whereupo n th e valu e 
of  tota l  utilit y  accrue d i s calculate d (se e "Compar e 4" , 
Fig .  4) .  W h e n DEPlanne r  i s allowe d t o ge t 
"depressed "  th e tota l  utilit y  i s  5010.0 .  W h e n 
DEPlanner' s depressio n i s disable d th e tota l  utilit y  i s 
4250.0 .  Thu s DEPlanne r  achieve s a  1 8 pe r  cen t 
highe r  tota l  utilit y  i n th e depression-enable d condition . 
DEPlanne r  exhibit s analog s fo r  signatur e phenomen a 
of  depressio n an d show s ho w the y ma y b e generate d 

by a  functionall y usefu l  mechanism . 

C o n c l u s i o n 

To become a better model of depression, DEPlanner 
require s redesigning .  Relevan t  issue s include : 

1.  A  mor e plausibl e mode l  o f  goal-drive n proble m 
solvin g an d learnin g shoul d replac e th e nonlinea r 
plannin g algorithm .  Compute r  model s o f  knowledg e 
acquisitio n an d compilatio n i n huma n student s wil l  b e 
relevan t  (e.g. ,  VanLeh n e t  al .  1992) . 

2.  Th e domai n shoul d b e change d t o reflec t 
concern s o f  depresse d people .  Representin g changin g 
caree r  an d famil y circumstance s wil l  requir e a  mor e 
expressiv e knowledg e representation . 

3.  DEPlanne r  shoul d b e bette r  motivate d i n term s 
of  concept s lik e self-estee m an d self-schema ,  a s wel l 
as genera l  theorie s o f  emotiona l  informatio n 
processing . 

4.  Whil e DEPlanne r  i s no t  a  mode l  o f  abnormall y 
triggered ,  sustained ,  w  intens e depression ,  DEPlanne r 
migh t  b e "broken "  o r  "lesioned "  i n orde r  t o provid e 
suc h a n account . 

5.  Th e effect s o f  externa l  interventions ,  analogou s 
t o cognitiv e therap y fo r  depressio n (Bec k e t  al .  1979) , 
shoul d b e modele d wit h respec t  t o reducin g likelihood , 
intensity ,  o r  duratio n o f  DEPlanner' s depression . 

6.  Othe r  kind s o f  cognitiv e dysfunction ,  suc h a s 
Alzheime r  Disease ,  ca n masquerad e a s depression ,  an d 
vis a vers a (Caine ,  81 ;  Merria m e t  al .  1988) .  Perhap s 
DEPlanne r  ca n b e broke n i n differen t  way s i n orde r  t o 
accoun t  fo r  differen t  bu t  relate d syndromes . 



7.  DEPlanne r  use s a  heuristi c t o modulat e it s 
cognitiv e loop .  A  sophisticate d contro l  regim e shoul d 
be base d o n a n explicitl y  normativ e metareasonin g 
approac h (Horvit z e t  al .  1991) . 

8.  DEPlanne r  shoul d b e situate d wit h respec t  t o 
existin g system s i n th e spac e o f  cognitiv e 
architectures ,  suc h a s case-base d reasoner s an d 
explanation-base d learners . 

9.  Extensiv e sensitivit y analysi s wil l  b e require d t o 
understan d th e comple x interaction s amon g 
DEPlanner' s parameters ,  an d betwee n DEPlanne r  an d 
it s environment . 

Nevertheless ,  th e curren t  versio n o f  DEPlanne r  i s 
consisten t  wit h a  relativel y larg e se t  o f  signatur e 
phenomena associate d wit h depression ,  an d th e 
hypothesi s tha t  som e form s o f  depressio n ma y b e 
adaptive .  Rudimentar y computationa l  mechanism s 
can b e assemble d int o a  mode l  o f  depressio n tha t 
explain s a  larg e se t  o f  previousl y unrelate d signatur e 
phenomena. 
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