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A Computationa l  Mode l  o f  Reactiv e Depressio n 

Charles Websler1.2, MD, Richard M Glass, MD3, Gordon Banks, PhD, MD"" 

"• Decision Systems Lab, Dept. of Neurology, U of Pittsburgh 

^La b fo r  Computationa l  Linguistics ,  Dept .  o f  Philosophy ,  C M U 

^Dept .  o f  Psychiatry ,  U  o f  Chicag o 

Introduction 

We propos e a  learnin g mode l  o f  norma l  reactiv e depressio n an d describ e D E P (Depressio n 

Emulatio n Program) ,  a  compute r  simulatio n o f  selecte d aspect s o f  informatio n processin g i n 

depression .  Behavior s w e addres s includ e th e rol e o f  stable ,  internal ,  an d globa l  failure s i n 

triggerin g depression ,  increased  objectivity ,  th e cognitiv e loop ,  fluctuation s o f  self-describin g 

adjectives ,  an d decrease d motivation .  Thes e behavior s ar e consisten t  wit h th e hypothesi s tha t 

reactiv e depressio n involve s controlle d processin g o f  th e self-schem a i n orde r  t o lear n ne w 

automati c emotiona l  processe s fo r  directin g attentio n t o goal s an d plans . 

Occasiona l  mil d depressio n m a y b e a n adaptiv e respons e t o a  changin g environmen t 

(Klerman ,  1987) .  Emotion s narro w attentio n t o personall y relevan t  inference s (d e Sousa , 

1987) .  I n natura l  languag e understanding ,  emotiona l  contex t  provide s powerfu l  constraint s fo r 

understandin g th e goal s an d plan s o f  character s i n narrativ e (Dyer ,  1983) .  I n cognitiv e 

psychology ,  emotion s hav e bee n hypothesize d t o motivat e th e selectio n o f  situationall y an d 

personall y relevan t  goal s (Simon ,  1967) .  W e theoriz e tha t  th e nondepresse d perso n goe s abou t 

hi s dail y activitie s wit h largel y automati c emotiona l  response s directin g attentio n t o goal s an d 

plans .  A  depresse d person ,  however ,  seem s t o requir e muc h effor t  i n orde r  t o carr y ou t  th e 

s a me activities .  Afte r  a  failur e (losin g a  job ,  fo r  example) ,  a  perso n ma y hav e t o adop t  ne w 

automati c strategies ,  an d reactiv e depressio n ma y actuall y facilitat e th e discardin g o f  obsolet e 

behavior s an d th e formatio n o f  ne w ones .  Durin g thi s reformation ,  automati c processin g o f  th e 

self-schem a ma y b e suspende d i n favo r  o f  mor e slow ,  effortful ,  an d sequentia l  processing . 

D EP i s a  progra m embodyin g a  computationa l  learnin g theor y o f  adaptiv e reactiv e depressio n 

(transien t  depresse d m o o d followin g a n environmenta l  event ;  al l  reference s t o depressio n 

herei n wil l  b e t o thi s specifi c  type) .  I n th e nondepresse d state ,  D E P direct s attentio n rapidl y 

an d effortlessl y (automati c processing) ,  withou t  environmenta l  feedback .  I n th e depresse d 

state ,  D E P direct s attentio n slowl y an d effortfull y  (controlle d processing) ,  whil e 

environmenta l  feedbac k modifie s attention-directin g emotiona l  responses .  D E P model s attentio n 

directio n usin g a  connectionis t  discriminatio n network ,  DEP' s analo g o f  th e self-schema . 

Automati c networ k descen t  i s achieve d whe n eac h nod e i n th e descen t  pat h ha s sufficien t 

activation .  I n controlle d descent ,  insufficien t  activatio n lead s t o slo w sequentia l  searc h fo r  a 

correc t  descen t  path .  W h e n a  correc t  pat h i s found ,  DEP' s weight s ar e adjuste d t o increas e th e 
activatio n leve l  o f  th e pat h i n respons e t o futur e inputs .  Thus ,  controlle d descen t  o f  DEP' s self -

schem a i s instrumenta l  i n th e developmen t  o f  futur e correc t  automati c responses .  D E P i s no t 

base d o n a  theor y o f  clinica l  depression .  However ,  a  mode l  o f  "normal" ,  reactiv e depressio n 

may b e a  usefu l  intermediat e ste p towar d a  computationa l  mode l  o f  "pathological "  depression . 

Automati c an d Controlle d Emotiona l  Processin g o f  th e Self-Schem a 

We us e tw o concept s fro m cognitiv e psycholog y i n ou r  mode l  o f  depressiv e informatio n 

processing :  th e self-schem a (Marcus ,  1980), _ an d automati c an d controlle d processin g 

(Schneide r  &  Shiffrin ,  1977 ;  Shiffri n &  Schneider ,  1977 ;  Schneide r  e t  al. ,  1984 ;  Schneide r 

& Detweiler ,  1987) .  Th e self-schem a i s a  hierarchica l  representationa l  syste m fo r  encoding , 

organizing ,  an d retrievin g declarativ e an d procedura l  informatio n abou t  th e self .  I t  goe s unde r  a 

variet y o f  names :  self-concep t  (Shavelson ,  1986) ,  syste m concep t  (Carve r  &  Scheier ,  1986) , 

self-schemat a (Marcus ,  1980) ,  an d self-schem a (Coyn e &  Gotlib ,  1983) .  W e hypothesiz e tha t 

th e self-schem a ca n exis t  i n a n automati c (nondepressed )  o r  controlle d (depressed )  state .  A n 

automati c proces s occur s a s a  "fast ,  parallel ,  effortles s proces s tha t  i s no t  unde r  th e direc t 
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subject control, and is responsible for the performance of well-developed skilled behavior." 

(Schneide r  e t  al. ,  p .  1 ,  1984) .  Controlle d processin g i s a  "slow ,  generall y serial ,  effortful , 

capacity-limited ,  subject-regulate d processin g m o d e tha t  mus t  b e use d t o dea l  wit h nove l  o r 

inconsisten t  information. "  (Schneide r  e t  al. ,  p .  2 ,  1984) .  Learnin g ne w automati c processe s 
require s controlle d processing . 

We conceiv e o f  th e self-schem a a s a  hierarch y o f  attribute s an d procedure s enablin g a 

perso n t o selec t  goal s an d plan s specialize d fo r  importan t  socia l  role s (ac t  attentiv e i n class , 

tak e notes ,  ac t  culture d a t  th e opera ,  commen t  o n th e qualit y o f  th e singing ,  etc. )  base d o n stabl e 

self-attribute s (degree s o f  intelligence ,  attractiveness ,  lovableness ,  etc.) .  "fvlotivated " 

(intensel y an d persistentl y goal-directed )  behavio r  occur s whe n a n individua l  automaticall y 

traverse s th e self-schem a fro m th e to p t o th e botto m t o arriv e a t  a  lea f  nod e wit h executabl e 

plans .  Figur e 1  i s a  prototypica l  self-schema .  Environmenta l  feature s suc h a s i t  bein g a 

workda y an d bein g hungr y activat e node s i n th e self-schema .  Th e weight s betwee n th e uppe r 

node s an d th e intermediat e node s encod e self-attributes ,  suc h a s "hardworking "  an d 
"ambitious" .  Th e termina l  node s activat e plan s lik e gettin g ou t  o f  bed ,  goin g t o work ,  an d 

askin g th e bos s t o lunch .  Th e self-schem a i s use d lik e a  discriminatio n networ k (Feigenbau m & 

Simon ,  1984) .  Fo r  example ,  a  perso n whos e self-schem a strongl y encode s "hardworking "  an d 

"ambitious "  self-description s wil l  automaticall y g o t o wor k an d as k th e bos s t o lunc h i f  i t  i s  a 

weekda y lunchtime . 

Decidin g whic h ar c t o tak e durin g downwar d traversa l  o f  th e self-schem a require s a n 

"emotional "  reactio n t o pla n outcome s (woul d th e outcom e mak e on e happy ,  unhappy , 

frustrated ,  angry ,  etc.?) .  Th e pat h selecte d depend s o n outcome s o f  previousl y selecte d goal s 
and plan s i n simila r  situations .  Normall y th e traversa l  fro m th e to p t o th e botto m o f  th e self -

schem a i s automati c an d self-schem a behave s i n a  stereotypica l  manner ,  a s i n familia r  socia l 
roles ,  effortlessl y directin g attentio n t o self-relevan t  goal s an d plans ,  an d creatin g defaul t 
expectation s fo r  th e result s o f  actions .  However ,  i f  th e individua l  fail s  i n a n importan t  socia l 
role ,  perhap s habitua l  behavio r  wa s no t  flexibl e enough ,  attentio n wa s misdirected ,  o r  wron g 

expectation s wer e generated .  Persona l  failur e (fo r  example ,  askin g th e bos s t o lunc h an d bein g 
tol d yo u ar e i n dange r  o f  bein g fired )  i s normall y a  nove l  situatio n requirin g a  flexibl e respons e 

involvin g controlle d processing .  Counter-actin g th e failur e ma y requir e controlle d processin g 

t o block ,  change ,  o r  trigge r  automati c processes .  Creatio n o f  new ,  les s failur e prone ,  automati c 
emotiona l  processe s require s controlle d processin g o f  th e self-schema . 

A majo r  theor y o f  depressiv e cognitio n ca n b e understoo d i n thi s light .  Accordin g t o th e 
revise d learned-helplessnes s mode l  (Seligman ,  1984) ,  depressio n occur s whe n peopl e explai n 

negativ e persona l  outcome s i n term s o f  stable ,  internal ,  an d globa l  factors .  Failur e usuall y 
require s specifi c  attribution s t o trigge r  depression .  I n term s o f  ou r  hierarchica l  self-schem a 

and it s rol e i n focusin g attentio n o n appropriat e goal s an d plan s suc h a  mechanis m make s sense . 

We woul d onl y wan t  t o chang e suc h a  representatio n i f  th e failur e i s attribute d t o stabl e factor s 

("M y performanc e wil l  continu e t o disappoin t  th e boss") ,  interna l  factor s (" I  coul d hav e 

prevente d hi s dissatisfaction") ,  an d t o globa l  factor s (" I  hav e simila r  problem s i n othe r  area s 
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of my life"). To the degree that failure meets these criteria, controlled processing should be 

allowe d t o modif y an d reautomat e ho w w e se e ourselve s an d wha t  policie s w e pursue . 

A cognitiv e mode l  o f  depressio n shoul d explai n th e cognitiv e loop ,  th e sequenc e o f  failure -

relate d memorie s an d thought s consumin g th e depresse d person' s attention .  Thi s cognitiv e loo p 

ha s bee n explaine d i n term s o f  th e networ k structur e o f  episodi c an d emotiona l  memor y (Bower , 

1981 ;  Ingram ,  1984) ,  an d th e evokin g o f  emotionall y relate d memorie s (Blaney ,  1986) . 

Memorie s acquire d durin g a  particula r  emotiona l  stat e becom e attache d t o emotio n "nodes" . 

Experiencin g a n emotio n activate s memorie s associate d wit h th e emotion ,  leadin g t o "moo d 

congruent "  m e m o r y retrieval .  A  failur e produce s th e subjectiv e experienc e o f  bein g reminde d 

of  a  serie s o f  unpleasan t  memorie s involvin g simila r  failures .  Consciousl y experiencin g eac h 

unpleasan t  m e m o r y evoke s anothe r  m o o d congruen t  memor y an d th e cycl e become s self -

perpetuating . 

What  i s th e significanc e o f  th e cognitiv e loop ? O n e answe r  m a y li e i n th e rol e o f  repetitio n 

i n automation .  Whil e controlle d processe s ma y sugges t  change s i n th e self-schema ,  fo r  thes e 

change s t o becom e automati c th e self-schem a mus t  b e traine d agains t  a  databas e o f  relevan t 

examples .  Give n a  self-schem a whos e structur e i s base d o n pragmati c an d emotiona l  knowledge , 

m o od congruen t  memor y retrieva l  ma y serv e a s a n inde x int o memorie s o f  previou s event s mos t 

simila r  t o th e persona l  failur e triggerin g th e depression .  Th e cognitiv e loo p occur s becaus e o f 

th e repetitiv e natur e o f  "tuning "  th e self-schem a agains t  a  databas e o f  tes t  cases . 

Suppor t  fo r  th e vie w tha t  reactiv e depressio n involve s a  malleabl e self-schem a ca n b e foun d 

i n th e phenomeno n o f  slo t  rattling .  W h e n aske d t o asses s themselve s i n term s o f  a  lis t  o f 

adjectives ,  th e mildl y depresse d individua l  select s mor e negativ e adjective s o n average , 

howeve r  day-to-da y fluctuation s occu r  (Ross ,  1985) .  W e woul d reasonabl y expec t  thi s 

variatio n i f  thes e adjective s reflecte d changin g generalization s abou t  ourselves . 

A mode l  o f  depressio n a s th e inductiv e restructurin g o f  th e self-schem a partiall y  explain s 

an interestin g observation .  Accordin g t o a  majo r  theor y o f  depressiv e cognition ,  negativ e 

schemat a distor t  experienc e t o suppor t  a  negativ e vie w o f  th e depresse d individual ,  th e 

situation ,  an d th e futur e (Beck ,  1979) .  Whil e thi s theor y i s formulate d wit h respec t  t o 

clinica l  depression ,  i t  i s  intriguin g tha t  mildl y depresse d peopl e ar e actuall y mor e objectiv e 

abou t  thei r  performanc e a t  a  variet y o f  task s tha n nondepresse d peopl e (Allo y &  Abramson , 

1979 ;  Coyn e &  Gotlib ,  1983 ;  Gile s &  Shaw ,  1987) .  Thi s ma y b e explaine d b y hypothesizin g 

tha t  mildl y depresse d peopl e pa y mor e attentio n t o informatio n relevan t  t o th e modificatio n an d 

reautomatio n o f  th e self-schema .  Objectiv e assessment s abou t  ho w wel l  a  tas k i s performed  ar e 

par t  o f  th e multitud e o f  observation s use d t o inductivel y reconstruc t  th e self-schema . 

Metaphorically ,  th e self-schem a i s a  hierarchica l  edific e restin g o n a  foundatio n o f  observation s 

of  individua l  interaction s wit h th e world .  Lik e th e constructio n o f  a  scientifi c  theory ,  it s 

validit y rest s o n th e objectivit y o f  individua l  experimenta l  observations . 
A ubiquitou s phenomen a i n depressio n i s los s o f  motivation .  I n ou r  model ,  thi s los s o f 

motivatio n correspond s t o th e los s o f  automaticit y o f  th e descen t  o f  th e self-schema .  Automati c 

emotiona l  response s t o a  situatio n ceas e t o automaticall y an d effortlessl y formulat e appropriat e 
goal s an d plans .  The y requir e th e effortfu l  allocatio n o f  attention .  W e ca n conceiv e o f 

motivatio n a s a  kin d o f  "volunteerism "  o n th e par t  o f  subportion s o f  th e self-schema .  Hig h i n 

th e hierarchy ,  a  nod e migh t  correspon d t o "gettin g u p i n th e morning" ,  a  prerequisit e fo r  al l 

subsequen t  activitie s o f  th e day .  Lowe r  i n th e hierarch y a  nod e migh t  correspon d t o "g o t o 

work" .  Normall y w e ge t  ou t  o f  bed ,  g o t o work ,  an d star t  conversation s "automatically" . 

Durin g depressio n thes e response s ar e n o longe r  automatic ,  an d directin g attentio n t o 

appropriat e goal s an d plan s become s effortful .  Descendin g th e self-schem a require s allocatio n 

of  attentio n awa y fro m othe r  tasks .  I n th e mil d periodi c depressio n tha t  w e ar e theorizin g 

about,  thi s ma y b e mor e o f  a  featur e tha n a  flaw .  W e shoul d no t  b e motivate d t o perfor m task s 
usin g a n attention-directin g syste m tha t  ha s recentl y failed ,  i s  undergoin g modification ,  an d 

may b e preoccupie d wit h a  strea m o f  failure-relate d thought s an d memories . 

Depressio n Emulatio n P rog ra m 

D EP i s a  compute r  simulatio n consisten t  wit h tw o set s o f  constraints .  I t  mus t  reflec t  th e 
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central hypothesis that reactive depression is a form of failure-triggered controlled processing 

of  th e self-schema .  I t  mus t  als o exhibi t  a  se t  o f  empiricall y observe d depressiv e behaviors .  W e 

wil l  describ e DEP' s architectur e whil e illustratin g it s gros s behavior . 

D EP ha s tw o subprograms :  S S ,  fo r  Self-Schema ,  an d P E A M,  fo r  Pragmatic-Emotiona l 

Associativ e Memory .  S S i s a  connectionis t  discriminatio n networ k wit h environmenta l  input s 

(Figur e 2 ,  SS) .  Th e weight s connectin g SS' s node s wit h eac h othe r  an d th e environmen t 

represen t  th e potential s fo r  emotiona l  reaction s elicite d b y input s fro m th e environment .  A 

descending ,  activate d pat h t o a  lea f  nod e i s analogou s t o a n emotiona l  stat e (fo r  example ,  th e dar k 

pat h i n Figur e 2) ,  an d th e associate d goals ,  plans ,  an d expectation s ar e accesse d b y activatin g 

th e lea f  node .  Descen t  i s eithe r  "automatic "  o r  "controlled" ,  dependin g o n whethe r  D E P i s i n a 

"nondepressed "  o r  "depressed "  state .  Th e implementatio n o f  DEP' s automati c processin g i s 

base d o n insight s afforde d b y a  sophisticated ,  an d biologicall y plausible ,  compute r  simulatio n o f 

automati c an d controlle d processin g (Schneider ,  1987 )  an d wil l  b e discusse d whe n w e describ e 

DEP' s analo g o f  decrease d motivatio n i n depression .  D E P ca n adap t  t o a  changin g environmen t  b y 

changin g th e weight s connectin g SS' s node s t o eac h othe r  an d th e environment ,  whic h i s 

analogou s t o learnin g ne w emotiona l  response s fo r  directin g attention . 

P E AM i s a n associativ e networ k linkin g S S lea f  node s t o S S input s (Figur e 2 ,  P E A M ) .  Usin g 

a simpl e learnin g rule ,  PEAM' s weight s ar e continuousl y adjuste d unti l  i t  ca n predic t  th e 

environmenta l  input s tha t  produc e particula r  S S responses .  Give n a n S S output ,  P E A M ca n 

reproduc e th e input s t o S S tha t  shoul d caus e it .  Thi s allow s P E A M t o b e use d t o retrai n SS' s 

response s usin g a  mode l  o f  th e environment ,  instea d o f  th e environmen t  itself .  Retrainin g a 

self-schem a wit h a  mode l  o f  th e environmen t  ha s tw o advantages .  Th e mode l  ca n selec t  mor e 

relevan t  trainin g inputs ,  an d learnin g wit h a  mode l  i s les s dangerou s tha n learnin g wit h th e rea l 

thing .  PEAM' s associativ e structur e ca n b e use d t o trigge r  S S controlle d processin g an d the n t o 

p'rovid e input s mos t  effectiv e fo r  modifyin g S S (discusse d below) . 

Figur e 3  display s si x statistic s calculate d wit h respec t  t o a  D E P simulatio n run .  A  trainin g 

epoc h i s on e exposur e t o eac h possibl e environmenta l  input .  S S an d PEAM' s weight s ar e 

initiall y  se t  t o smal l  rando m number s an d adjuste d wit h simpl e learnin g rule s unti l  S S 

produce s correc t  output s t o environmenta l  input s E q an d P E A M produce s correc t  input s t o S S 

give n th e S S output s (Figur e 3 ,  Eq) . 

DEP' s analo g o f  a  failur e (Figur e 3 ,  (1) )  i s  th e generatio n o f  a n incorrec t  respons e t o 

environmenta l  inputs .  W e ca n precipitat e a  failur e b y abruptl y changin g DEP' s environmen t 

fro m E q t o E i  (Figur e 3 ,  "Environmenta l  Change") .  Thi s i s analogou s t o a  persona l  failur e 

cause d b y a n automati c misdirectio n o f  attentio n t o inappropriat e goal s an d plans .  However ,  a 
singl e failur e shoul d no t  induc e D E P t o modif y an d reautomat e it s attention-directin g weights . 

The failur e mus t  mee t  th e sam e criteri a tha t  predic t  vulnerabilit y  t o depressio n i n humans .  I t 
must  b e stable ,  internal ,  an d globa l  (Figur e 3 ,  (2)(3)(4)) .  Th e failur e mus t  b e likel y t o 

reoccu r  (stabl e failure) .  Th e failur e mus t  b e avoidabl e b y changin g DEP' s self-schem a 

Tr̂ inin q Epoch s 
(1)T*.)ur. -  r ^ 
PEAM Activition -PF^f"' threshold for tri99»ri09 incrt*s» ¥i 0 
(2)-SUbW-Cri(»r u _ ~ H ^ ^ 
(S)-In(err>i1 -  Crlter u 
(4)"Cl«bi r  CriUri * 
(S)"0bj«otivit9" rr, 

(6)"Co9nili¥e Loop" 

(7)-S)ot Rittl»>9-

(8)-Motlyition- J^. 

to 

S- . 

\ ^ 

Environmffnt* ! 

Figur e 3 :  Outpu t  fro m D E P Simulatio n 

761 



Webster ,  Glass ,  B a n k s 

(internal failure). The cause of the failure must potentially affect many different leaf nodes 

(globa l  failure) .  Al l  thre e o f  thes e criteri a fo r  triggerin g DEP' s reactiv e depressio n ca n b e 

achieve d b y usin g tota l  R E A M activatio n t o trigge r  controlle d processin g o f  DEP' s self-schema . 

P E AM accept s input s an d use s a n interactiv e activatio n an d competitio n paradig m 

(McClelland ,  1981 )  t o settl e int o a n equilibriu m state .  PEAM' s tota l  activatio n depend s o n ho w 

m u ch inpu t  i t  receives ,  wher e i t  receive s th e input ,  an d ho w strongl y individua l  node s activat e 

or  suppres s eac h other .  Eac h tim e S S encounter s a  se t  o f  input s an d activate s a  lea f  node ,  P E A M 

i s activate d wit h a n inpu t  correspondin g t o SS' s response .  W h e n S S i s wron g an d ca n fin d a 

correc t  response ,  th e P E A M nod e associate d wit h th e correc t  respons e i s als o activated .  I f  S S i s 

wron g onc e ( a non-stabl e failure) ,  P E A M wil l  no t  achiev e a  larg e activatio n becaus e PEAM' s 

weight s hav e no t  ha d tim e t o converg e t o a  ne w mode l  o f  th e environment .  I f  S S canno t  fin d a 

correc t  respons e ( a non-interna l  failure) ,  P E A M wil l  no t  achiev e a  larg e activatio n becaus e 

P E AM doe s no t  receiv e th e secon d input .  I f  th e tw o input s (Figur e 2 ,  "Fals e Negativ e Path "  an d 

"Fals e Positiv e Path" )  ar e to o simila r  ( a non-globa l  failure) ,  P E A M wil l  no t  achiev e a  larg e 

activatio n becaus e no t  enoug h node s ar e activated .  Thu s w e ca n "gate "  controlle d processin g o f 

DEP' s self-schem a accordin g t o th e criteri a tha t  a  failur e mus t  b e stable ,  internal ,  an d globa l 

by establishin g a  threshol d activatio n fo r  DEP' s analo g o f  emotiona l  memory .  W h e n P E A M 

activatio n (Figur e 3 ,  (2)(3)(4) )  reache s threshold ,  DEP' s depressio n commences .  P E A M 

trigger s DEP' s depressio n b y increasin g a  paramete r  (G )  tha t  increase s th e sensitivit y o f  SS' s 

weight s t o feedbac k fro m th e environmen t  abou t  SS' s performance . 

DEP' s analo g fo r  degre e o f  objectivit y (Figur e 3 ,  (5) )  durin g reactiv e depressio n i s th e 

effec t  o f  a  learnin g signa l  use d t o chang e S S weight s base d o n th e differenc e betwee n SS' s actua l 

an d desire d outpu t  ( a delt a rule) .  Sinc e increase d sensitivit y t o difference s betwee n actua l  an d 

desire d performanc e i s on e kin d o f  objectivity ,  increasin g th e effec t  o f  th e learnin g signa l  ha s 

th e effec t  o f  increasin g DEP' s analo g o f  objectivit y i n th e servic e o f  accurat e self-schem a 

modification .  Activatio n o f  SS' s node s use s a  standar d logisti c functio n (Rumelhar t  & 

McClelland ,  1986) ,  containin g a n additiona l  parameter ,  G ,  divide d int o th e ne t  inpu t  an d 

controllin g th e slop e o f  th e sigmoida l  outpu t  o f  th e logisti c function .  A  smal l  G  result s i n 

extremel y hig h o r  lo w S S nod e activation ,  an d S S weight s tha t  ar e insensitiv e t o th e learnin g 

signal .  A  larg e G  result s i n S S nod e activation s nea r  zero ,  an d S S weight s tha t  ar e ver y sensitiv e 

t o th e learnin g signal .  Decreasin g G  result s i n automati c descen t  o f  DEP' s self-schem a becaus e 

al l  S S nod e activation s ar e large r  tha n a  minimu m threshold .  Increasin g G  result s i n controlle d 

descen t  becaus e nod e activation s fal l  belo w minimu m threshold s an d S S node s mus t  b e 

sequentiall y  searche d t o fin d th e correc t  descen t  path .  A  smal l  G  i s necessar y fo r  highl y 

automate d response s t o a  relativel y stati c environment .  A  larg e G  i s necessar y fo r  learnin g ne w 

weigh t  configuration s i n a  changin g environment .  DEP' s analo g o f  emotiona l  memory ,  P E A M, 

trigger s modificatio n an d reautomatio n o f  DEP' s self-schem a b y increasin g G  an d allowin g i t  t o 

deca y t o zero .  However ,  P E A M wil l  onl y trigge r  controlle d processin g i f  th e failur e i s stable , 

internal ,  an d global ,  th e s a m e predictor s fo r  vulnerabilit y  t o depressio n i n humans . 

DEP' s analo g o f  th e cognitiv e loo p (Figur e 3 ,  (6) )  i s  th e inpu t  fro m P E A M t o S S providin g 

trainin g case s fo r  modifyin g SS' s weight s (Figur e 2 ,  "Cognitiv e Loop") .  Activatin g P E A M wit h 

input s fro m SS' s fals e positiv e an d fals e negativ e lea f  node s create s a  coalitio n o f  positivel y 

activated ,  simila r  lea f  nodes .  Thes e ar e exactl y th e lea f  node s (alon g wit h thei r  associate d input s 

t o S S )  mos t  usefu l  fo r  modifyin g an d reautomatin g DEP' s self-schema .  Member s o f  thi s 

coalitio n ar e randoml y selecte d t o generat e appropriat e input s an d learnin g signal s fo r  S S .  Thi s 

sequenc e o f  failure-relate d input s t o S S ,  i n th e absenc e o f  actua l  input s fro m th e environment , 

i s  DEP' s analo g o f  th e cognitiv e loop ,  th e sequenc e o f  failure-relate d thought s an d memorie s 

preoccupyin g th e mildl y depresse d person . 

DEP' s analo g o f  slo t  rattlin g (Figur e 3 ,  (7) )  i s  th e increase d weigh t  variatio n accompanyin g 

a larg e learnin g signa l  an d easil y change d weights .  Sinc e slo t  rattlin g ma y b e a  sig n o f  increase d 

self-schem a malleability ,  the n increase d weigh t  variatio n i n DEP' s self-schem a i s a  reasonabl e 
analo g fo r  th e slo t  rattlin g observe d i n huma n depression .  Weigh t  variatio n i n DEP' s self -

schem a i s especiall y sever e i f  th e environmen t  i s nois y an d inconsistentl y reward s an d punishe s 

th e sam e response . 
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DEP's analog of lack of motivation (Figure 3, (8)) is SS's lack of automaticity. Assuming 

"motivation "  i s h o w forcefull y an d persistentl y attentio n i s directe d t o particula r  goals , 

motivatio n i s ho w automaticall y goal s ar e pursued .  I f  a n S S nod e (Figur e 2 ,  branc h point s i n 

"Self-Schema" )  achieve s activatio n abov e a  minimu m threshold ,  the n i t  "automatically " 

transmit s thi s activation ,  i n parallel ,  t o it s daughte r  node s a t  th e nex t  leve l  down .  I f  a n 

activatio n fall s  belo w th e minimu m threshold ,  th e nod e mus t  wai t  fo r  a n externa l  "controlling " 

signa l  t o transmit .  Increasin g G  increase s feedbac k fro m th e environmen t  a t  th e sam e tim e i t 

cause s al l  activation s t o mov e towar d zero .  A s activation s dro p belo w minimu m thresholds , 

mor e an d mor e externa l  controllin g signal s ar e necessar y t o achiev e descen t  dow n DEP' s self -

schema .  Th e externa l  controllin g signal s (presumabl y requirin g a n "effortful "  allocatio n o f 

attention )  ar e necessar y t o affec t  a  sequentia l  searc h fo r  a  correc t  descen t  path .  A s G  decay s 

bac k t o zero ,  activation s increas e an d descen t  o f  DEP' s self-schem a become s mor e automatic ,  o r 

"motivated" .  Thus ,  D E P mus t  pas s throug h a  phas e o f  controlle d processin g t o lear n ne w 

automati c processes .  I n orde r  fo r  D E P t o chang e fro m on e se t  o f  motivated ,  bu t  incorrect , 

behavior s t o a  ne w se t  o f  equall y motivated ,  an d correct ,  behaviors ,  i t  mus t  pas s throug h a 
phas e o f  unmotivated ,  bu t  objective ,  modificatio n an d reautomatio n o f  it s  analo g o f  th e self -

schema. 

Conclusio n 

D EP i s a  highl y simplifie d implementatio n o f  on e wa y tha t  emotion s migh t  normall y direc t 

attentio n t o appropriat e goal s an d plans ,  an d periodicall y reorganiz e i n th e fac e o f  a  changin g 

environment .  D E P exhibit s a  numbe r  o f  depressiv e informatio n processing  phenomen a 
including :  stable ,  internal ,  an d globa l  failure s triggerin g qualitativ e change s i n behavior , 

increase d objectivity ,  th e cognitiv e loop ,  fluctuation s o f  self-describin g adjectives ,  an d 
decrease d motivation .  A n emotiona l  attention-directin g system ,  grossl y equate d wit h th e self -

schema ,  normall y operate s i n a n automati c an d motivate d fashio n insulate d fro m environmenta l 
feedback .  A n emotiona l  memor y syste m construct s a  mode l  o f  th e environmen t  an d periodicall y 

trigger s reorganizatio n o f  th e emotional  attention-directin g system .  Stable ,  internal ,  an d 

globa l  failure s trigge r  th e reorganization .  Thes e criteri a follo w fro m th e self-schema' s 

hierarchica l  structure ,  an d ar e implemente d usin g associativ e emotiona l  memory .  Onc e self -
schema reorganizatio n begins ,  emotiona l  memor y serve s a s a  reservoi r  o f  trainin g input s t o th e 

self-schema .  Los s o f  automaticit y fo r  engagin g th e environmen t  cause s a  withdrawa l  tha t 

protect s th e vulnerabl e syste m whil e i t  reorganizes . 
Thi s computationa l  mode l  o f  reactiv e depressio n i s on e o f  man y possibl e models .  Th e D E P 

compute r  simulatio n force s u s t o examin e ou r  assumption s abou t  wha t  constitute s ou r  theory . 
We nee d a  mor e complet e elaboratio n abou t  wha t  DEP' s node s an d weight s represen t  i n term s o f 

specifi c  environmenta l  stimuli ,  emotiona l  processes ,  plans ,  an d goals .  O n e avenu e i s t o 
represen t  a  depressiv e scenari o base d o n a  cas e descriptio n o f  reactiv e depression .  Anothe r 

possibilit y  i s  t o relat e DEP' s parameter s an d behavio r  t o som e o f  th e man y standardize d test s 

fo r  diagnosin g depression .  Eventuall y i t  ma y b e possibl e t o relat e D E P subsystem s an d 

processe s t o neurologi c change s durin g depression .  A  rapidl y evolvin g literatur e o n th e 

"neurolog y o f  depression "  (Ott o e t  al. ,  1987 ;  Coffey ,  1987 )  implicate s th e righ t  cerebra l 

hemispher e i n depression .  Th e righ t  hemispher e play s a  special ,  i f  no t  dominant ,  rol e i n 
emotional ,  attentional ,  an d pragmati c processe s (Code ,  1987 ;  Kosslyn ,  1987) .  Sinc e ou r 
theor y o f  reactiv e depressio n i s abou t  thes e topics ,  ou r  computationa l  mode l  m a y provid e a 
uniqu e perspectiv e t o analyz e previousl y disparat e observation s abou t  th e rol e o f  th e righ t 

hemispher e i n depression .  Eventuall y w e ma y b e abl e t o advanc e specifi c  hypothese s abou t 
difference s betwee n mild-reactiv e an d chronic-suicida l  depressio n b y understandin g th e 

difference s i n term s o f  perturbation s i n a  cognitiv e mode l  o f  reactiv e depressio n (Webste r  e t 

al. ,  1988) . 
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