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Represen t in g M a g n i t u d e b y M e m o r y R e s o n a n c e 

A Hypothesi s o n Qualitativ e Judgmen t 

Marte n J .  de n Uy l 

Psychological Laboraty 

Universit y o f  Amsterda m 

ABSTRACT 

Qualitative judgment, the ability to evaluate attributes that imply some degree of 'goodness' or preference, 
pose s importan t  problem s fo r  th e informatio n processin g paradigm .  I n thi s pape r  on e for m o f  qualitativ e 
judgment ,  contextua l  judgmen t  o f  magnitude ,  i s analyse d i n som e detail . 

Th e result s o f  psychophysica l  experiment s ar e consisten t  wit h th e ide a tha t  h u m a n magnitud e 
representatio n i s  base d o n a  contextua l  codin g proces s i n whic h a n actua l  stimulu s i s  compare d wit h 
a sampl e o f  trace s o f  previousl y encountere d simila r  stimuli .  Suc h a  codin g proces s i s  har d t o realiz e 
i n a  conventiona l  memor y system . 

A distribute d mode l  fo r  contextua l  magnitud e judgmen t  i s  described ,  i n whic h thi s trac e samplin g 
proces s i s  feasible ,  whe n specia l  provision s fo r  th e us e o f  resonanc e informatio n ar e made .  Resonanc e 
codin g involve s th e representatio n withi n a  memor y syste m o f  th e memor y activit y cause d b y specifi c 
pattern s o f  stimulation .  A  possibl e implementatio n o f  resonanc e coding ,  detectio n o f  dissonance ,  i s  briefl y 
described .  Th e hypothesi s i s  pu t  forwar d tha t  evaluatio n o f  memor y resonanc e play s a n equall y importan t 
rol e i n othe r  form s o f  qualitativ e judgment . 

I N T R O D U C T I ON 

People routinely make qualitative judgments: 'an interesting novel', 'a very elegant solution', 

' a ho t  bath' ,  ' a bitte r  disappointment' ,  ' a highl y comple x problem' .  Suc h judgment s hav e i n 

c o m m on tha t  o n th e on e han d som e classificatio n o f  a  qualit y i s indicate d -interestingness , 

elegance ,  hotness ,  etc. -  an d o n th e othe r  han d ther e i s a n evaluatio n o f  th e degree ,  o f  th e 

qualit y present . 

Qualitative judgment poses pervasive problems to the information processing paradigm. 

One se t  o f  problem s i s apparen t  i n th e actua l  performanc e o f  presentda y A I  (expert )  systems . 

I t  i s  generall y recognize d tha t  A I  system s sho w distinc t  pattern s o f  strength s an d weaknesse s 

when compare d t o standard s o f  huma n intelligence .  Wher e A I  system s m a y easil y exce l  i n 

computationa l  powe r  i n forma l  domains ,  i n 'verbatim '  memor y capacity ,  i n deductiv e inference , 

i t  i s  a  challengin g tas k t o approac h huma n standard s i n heuristi c inference ,  c o m m o n sense , 

creativity ,  estheti c judgment ,  an d robustnes s i n th e fac e o f  unexpecte d an d devian t  situations . 

M u ch o f  thi s patter n o f  weaknesse s ca n b e roughl y summarize d i n th e statemen t  tha t  A I 

system s hav e problem s i n dealin g wit h qualitativ e aspect s o f  task s an d situations . 

63 



D E N U YL 

Problem s wit h qualitativ e judgmen t  m a y b e furthe r  illustrate d i n th e relativ e neglec t  i n 

cognitiv e psycholog y o f  affectiv e processe s suc h a s motivation ,  valuation ,  emotio n (e.g .  Mandle r 

1985 )  i n whic h qualitativ e judgmen t  play s a  centra l  role . 

Yet another set of problems prevail at the epistemological level. When people make 

qualitativ e judgments ,  the y experienc e certai n qualitativ e content s o r  qualia ,  a  tomat o 'look s 

brigh t  red' ,  w e 'fee l  a  pain '  i n a  sor e tooth .  Quali a pla y a  prominen t  rol e i n debate s o n 

th e philosoph y o f  mind ,  an d particularl y i n argument s o n th e adequac y o f  th e functiona l 

(cognitive )  paradig m i n psychology .  I t  ha s ofte n bee n argue d tha t  th e informatio n processin g 

paradig m canno t  accoun t  fo r  th e phenomena l  qualitie s o f  h u m a n experience . 

The major aim of this paper is to outline and illustrate a global hypothesis on the nature 

of  qualitativ e judgment .  Accordin g t o thi s hypothesi s qualitativ e judgmen t  i s base d o n a n 

evaluatio n o f  memor y resonance ,  roughl y th e impac t  o f  stimulatio n o n pattern s o f  autonomou s 

activit y i n th e representationa l  system .  Th e bod y o f  th e pape r  i s devote d t o a n analysi s o f 

th e archetyp e o f  qualitativ e judgmen t  th e contextua l  judgmen t  o f  magnitude . 

Q U A L I T A T I V E J U D G M E NT O F M A G N I T U DE 

Any system that operates in the real world must face the elementary task of representing 

th e magnitude s o r  intensitie s o f  object s o n continuou s physica l  variable s suc h a s length ,  weight , 

sound -  o r  ligh t  intensity .  Th e questio n h o w h u m a n being s dea l  wit h thi s tas k i s th e prope r 

domai n o f  psychophysics ,  on e o f  th e oldes t  researc h tradition s i n moder n experimenta l 

psychology .  Researc h i n psychophysic s ha s demonstrate d m a n y peculiaritie s o f  h u m a n magnitud e 

representatio n (For  review s se e e.g .  Carterett e &  Friedma n 1974) . 

Firs t  o f  all ,  magnitud e judgmen t  ofte n i s a  har d tas k fo r  h u m a n beings .  Th e poin t  i s 

perhap s appreciate d bes t  whe n i t  i s  realize d h o w dependen t  w e ar e o n th e m a n y measuremen t 

instrument s -fro m yardstic k an d balanc e t o sophisticate d electroni c devices -  tha t  hav e bee n 

develope d t o overcom e th e limitation s o f  sensor y systems . 

Problems with magnitude judgment arise in particular when memory representations of 

magnitude s ar e involved .  H u m a n capabilitie s i n intensit y resolutio n pe r  s e -i.e .  discriminatin g 

betwee n magnitude s whe n tw o o r  mor e ar e presen t  simultaneousl y o r  i n immediat e succession -

diffe r  widel y betwee n sensor y modalities ,  bu t  i n som e case s huma n discriminatio n i s fai r  t o 

an y standard s an d m a y b e har d t o equa l  b y mechanica l  devices .  O n e o f  th e fe w genera l 

observation s tha t  ca n b e mad e abou t  intensit y discriminatio n i s know n a s 'Weber' s Law' :  jus t 

notabl e difference s (jnd's )  betwee n intensitie s ten d t o b e constan t  fraction s o f  stimulu s intensity . 

However ,  whe n a  singl e stimulu s a t  a  tim e i s judge d i n relatio n t o a  m e m o r y representatio n 

of  on e o r  mor e referenc e magnitudes ,  huma n performanc e i s severel y limite d and ,  moreover , 

shows surprisingl y littl e variatio n ove r  sensor y modalities .  A s Mille r  (1956 )  noticed ,  fo r  man y 

differen t  sensor y continu a peopl e canno t  reliabl y distinguis h mor e tha n 7  +/ -  2  level s o f 

intensit y i n identificatio n tasks .  Performanc e i n intensit y identificatio n tasks ,  wher e referenc e 

level s mus t  b e remembered ,  contrast s sharpl y wit h performanc e i n intensit y discriminatio n 

tasks .  Fo r  continu a lik e loudnes s an d brightnes s subject s m a y b e abl e t o partitio n th e rang e 

fro m th e weakest ,  jus t  perceptible ,  t o th e largest ,  jus t  bearable ,  intensit y (th e dynami c range ) 

i n wel l  ove r  a  hundre d jn d steps ,  whe n stimul i  ar e pairwis e compared ;  ye t  S s ca n a t  mos t 

distinguis h abou t  1 0 level s o f  intensit y wit h singl e stimulu s presentations . 
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It may be conjectured that these memory limitations are a direct consequence of the 

characteristic s o f  th e hardwar e i n whic h huma n intelligenc e i s implemented .  Artificia l  recordin g 

device s stor e informatio n i n physicall y stabl e structure s tha t  m a y remai n essentiall y  unchange d 

ove r  longe r  period s o f  time .  Th e huma n brai n i s a  sof t  kin d o f  hardware ,  a s livin g tissu e 

grows ,  change s an d decay s ove r  time .  H u m a n magnitud e representatio n m a y b e understoo d 

as a  strivin g fo r  constanc y i n a n inherentl y unstabl e system . 

A further characteristic of memory representations of magnitude is their dependency on 

context ,  particularl y o n th e rang e o f  magnitude s over  whic h judgment s ar e made .  Th e stabilit y 

of  memor y representation s o f  magnitud e decrease s wit h increasin g judgmenta l  range .  T w o 

intensit y level s tha t  ca n b e easil y distinguishe d whe n the y for m th e extrem e magnitude s i n 

a smal l  rang e stimulu s set ,  m a y becom e highl y confusabl e i n a  larg e rang e stimulu s set . 

Context dependency is also a striking feature of the way magnitudes are typically expressed 

i n everyda y language .  Magnitude s ar e typicall y communicate d i n qualitativ e term s lik e 'big' , 

'small' ,  'many' ,  'few' .  Suc h term s expres s magnitud e i n referenc e t o a  contextuall y determine d 

norm ;  ' a lo t  o f  people '  implie s differen t  number s a t  cocktai l  partie s o r  mas s meetings . 

How are contextual norms represented in memory? How are judgments made in relation 

t o thes e norms ? O n e approach ,  exemplifie d i n th e influentia l  'Adaptatio n Level '  theor y (Kelso n 

1964) ,  i s  t o assum e tha t  judgment s ar e mad e i n relatio n t o som e neutra l  poin t  tha t  represent s 

th e centra l  tendenc y o f  th e stimulu s distribution .  Contex t  effect s the n ar e represente d i n a 

singl e parameter ,  th e adaptatio n level .  However ,  i t  ha s repeatedl y bee n demonstrate d tha t  no t 

jus t  th e centra l  tendenc y bu t  th e entir e shap e o f  th e stimulu s distributio n i s reflecte d i n 

magnitud e judgment s (e.g .  Parducc i  &  Perret t  1971) .  Apparentl y peopl e emplo y som e 'mult i 

parameter '  representatio n o f  stimulu s distributions . 

Trac e Sampl e Theor y 

The characteristics of human magnitude representation just described can be accounted for 

by a  genera l  mode l  o f  qualitativ e magnitud e judgmen t  ('Trac e Sample '  theory ,  de n Uy l  1981) . 

Onl y a  fe w element s o f  thi s theor y nee d t o b e mentione d here . 

Magnitude information may be represented in one of two different formats: primary or 

trac e cod e an d secondar y o r  contextua l  cod e (cf .  Durlac h &  Braid a 1969) .  A  trac e code ,  th e 

outpu t  o f  som e perceptua l  system ,  i s a  direc t  o r  analogu e representatio n o f  stimulu s intensity . 

The preciz e natur e o f  trac e code s w e leav e unspecifie d fo r  th e moment ;  i t  is ,  however ,  assume d 

tha t  trac e code s ar e highl y unstabl e an d deca y rapidl y over  time .  Hence ,  th e lon g ter m memor y 

representatio n o f  individua l  trac e code s wil l  b e subjec t  t o ver y larg e error . 

The central assumption in trace sample theory is that contextual magnitude representations 

ar e forme d b y comparin g th e trac e cod e fo r  a n actua l  stimulu s magnitud e t o a  sampl e o f 

trac e code s o f  previousl y encountere d simila r  stimuli .  Th e resultin g contextua l  magnitud e 

judgmen t  i s essentiall y  th e ran k o r  percentil e scor e o f  th e actua l  stimulu s magnitud e i n a 

subjectiv e referenc e distributio n forme d b y th e trac e sample .  Thus ,  whe n w e judg e a  do g 

t o b e 'ver y large' ,  thi s essentiall y  mean s tha t  thi s do g appear s t o b e large r  tha n mos t  dog s 

we hav e see n before .  I t  shoul d b e note d tha t  becaus e o f  th e larg e erro r  i n th e memor y 

65 



D EN U Y L 

representation of traces, the subjective reference distribution will be systematically distorted 

wit h regar d t o th e objectiv e distributio n o f  referenc e magnitudes . 

Space does not permit to review the evidence here that this simple contextual coding 

mechanis m ca n accoun t  fo r  man y finding s i n experimenta l  psychophysic s (cf .  de n Uy l  1981) . 

We shoul d tur n attentio n t o th e implication s o f  thi s codin g schem e fo r  th e organizatio n o f 

memory. 

Classification, Judgment and Memory 

Trace Sample theory implies that quite a number of specific traces must be somehow represented 

i n memory ;  i n orde r  t o mak e qualitativ e judgment s a  sampl e o f  trace s shoul d b e availabl e 

fo r  eac h dimensio n o f  eac h categor y i n memory . 

How is the representation of these traces integrated in the representation of categories 

i n memory ? On e possibilit y  i s  t o assum e tha t  fixe d set s o f  trace s ar e store d wit h eac h categor y 

i n memory ,  an d ca n b e accesse d whe n th e entr y fo r  th e categor y i s reache d a s a  resul t  o f 

some classificatio n process .  Th e proble m wit h thi s proposa l  i s  tha t  i t  ma y easil y lea d t o a 

proliferatio n o f  postulate d trac e sample s whe n th e ai m i s t o accoun t  fo r  th e flexibilit y  o f 

human judgment .  T o jus t  mentio n som e potentia l  problems : 

-Ofte n th e nor m fo r  on e dimensio n i s dependen t  o n th e valu e o n som e othe r  dimension , 

e.g .  a  heigt h o f  thre e fee t  woul d b e 'tall '  fo r  a  tw o yea r  ol d child ,  'ver y tall '  fo r  a  1. 5 

year  old ,  'extremel y tall '  fo r  a  on e yea r  old .  I t  ma y b e possibl e t o represen t  dependencie s 

betwee n correlate d continuou s variable s i n set s o f  discret e subcategorie s (e.g .  Lebowit z 1985) , 

but  i t  woul d no t  see m a  particularl y elegan t  solution . 

-Sometime s contextua l  judgment s appea r  t o b e mad e i n referenc e t o a d ho c categorie s (Barsalo u 

1983 )  constructe d o n th e spot .  Fo r  example ,  th e judgmen t  tha t  ther e ar e 'no t  s o man y peopl e 

present '  a t  a  particula r  lecture ,  ma y b e mad e i n referenc e t o a n a d ho c nor m fo r  'thi s kin d 

of  lecture' ,  define d b y a  se t  o f  circumstance s lik e siz e o f  th e lectur e hall ,  fam e o f  th e lecturer , 

tim e o f  da y etc . 

An alternative approach that could solve these problems in a principled way, would be 

t o assum e tha t  a  trac e sampl e i s newl y compose d fo r  eac h occasio n wher e a  qualitativ e judgmen t 

i s made .  Tha t  is ,  fo r  eac h judgmen t  th e memor y syste m sample s th e trace s fro m th e previousl y 

judge d object s mos t  simila r  t o th e objec t  presentl y bein g judged .  Clearly ,  thi s i s a n attractiv e 

possibilit y  i n tha t  i t  coul d conceivabl y giv e a  syste m th e flexibilit y  apparen t  i n huma n 

judgmen t  .  However ,  th e computationa l  cost s o f  thi s schem e woul d see m extravagan t  i n a 

conventiona l  computationa l  architecture :  th e schem e implie s tha t  som e similarit y metri c i s 

compute d betwee n th e judge d objec t  an d eac h individua l  objec t  store d i n memory .  I n orde r 

t o furthe r  explor e thi s proposal ,  w e nee d t o conside r  a n implementatio n o f  th e trac e sampl e 

model  i n a  parallel-distribute d processin g architectur e i n whic h th e implie d computation s ar e 

feasible . 

An elegan t  treatmen t  o f  'nor m theory '  base d o n relate d principle !  ha s recentl y bee n presente d i n (Kahnema n 
& Mille r  1986) . 
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M A G N I T U DE R E P R E S E N T A T I ON I N A  D I S T R I B U T E D M E M O RY 

The distributed model I will outline here is based on the 'Harmonium' model developed by 

Smolensk y &  Rile y (1984 )  wit h a  fe w modification s inspire d b y relate d model s (e.g .  McClellan d 

& Rumelhar t  1985) .  Harmon y theor y relie s o n a  forma l  mappin g betwee n paralle l  computatio n 

and therma l  physic s an d i s simila r  i n thi s respec t  t o th e 'Boltzma n machine '  describe d b y 

Ackley ,  Hinto n &  Sejnowsk i  (1985) . 

A distributed memory consists of a -large- set of interconnected modules, each of which 

i n tur n consist s o f  man y interconnecte d simpl e processin g unit s o r  'nodes' .  Th e activatio n 

stat e o f  node s m a y vary ,  an d th e basi c mod e o f  operatio n o f  node s i s th e passin g o f  activatio n 

signal s t o othe r  node s withi n an d betwee n modules .  Specifi c  pattern s o f  activit y ove r  th e 

node s i n th e memor y networ k constitut e activ e knowledg e states .  Informatio n processin g take s 

th e for m o f  chain s o f  knowledg e states ,  brough t  abou t  b y th e unit s spreadin g activatio n throug h 

th e network . 

Each module contains two layers of nodes: representation nodes (R-nodes) define the active 

knowledg e state s o f  th e system ;  trac e node s (T-nodes )  contai n informatio n o n pas t  contingencie s 

betwee n R-node s an d m a y sen d activatio n signal s t o R-node s o n thi s basis .  Connection s ar e 

onl y betwee n layers ,  node s withi n a  singl e laye r  ar e no t  connected .  Bot h representatio n an d 

trac e node s tak e onl y tw o activatio n values :  node s ar e eithe r  on/activ e o r  off/inactive . 

The basic cognitive operation in a connectionist memory is pattern completion. Pattern 

completio n take s plac e i n (asyncronous )  processin g cycle s i n individua l  module s a s follows : 

At  th e beginnin g o f  th e cycl e som e subse t  o f  th e R-node s i n th e modul e i s clampe d int o 

activatio n state s b y incomin g connection s fro m othe r  modules .  Othe r  R-node s ar e assume d 

t o hav e rando m activatio n value s a t  th e beginnin g o f  th e cycle .  Th e tas k fo r  th e modul e 

i s t o reinstat e a  stabl e an d complet e patter n ove r  al l  th e representatio n node s i n th e module . 

Not e tha t  i n a  distribute d mode l  'psychological '  stimulu s feature s (e.g .  shapes ,  color )  d o no t 

correspon d t o individua l  processin g units ,  bu t  t o activatio n pattern s over  collection s o f  units . 

Each trace node is connected to a set of representation nodes by bidirectional links. A 

T-nod e contain s -a s a  resul t  o f  pas t  experience -  a  key ,  a  se t  o f  weight s o n connection s wit h 

R-node s wit h value s o f  eithe r  + 1 o r  -1 .  Thi s ke y define s a  'preferre d pattern '  o f  activatio n 

state s ove r  connecte d R-nodes . 

A processing cycle is divided in discrete 'ticks' (McClelland & Rumelhart 1985). At each 

tic k a  T-nod e receive s a n activatio n signa l  fro m eac h R-nod e tha t  i s consisten t  wit h th e 

ke y (th e stat e o f  th e R-nod e matche s th e sig n o f  th e weight )  an d a  de-activatio n signa l 

fo r  eac h mismatch .  A  trac e nod e i s i n th e activ e stat e a s lon g a s th e su m o f  th e (de-)activatio n 

signal s exceed s som e variabl e threshol d value .  Activ e T-node s sen d activatio n signal s t o R-node s 

i n accordanc e wit h th e weight s i n th e key ,  e.g .  a  de-activatio n signa l  i s  sen d whe n th e weigh t 

i s negative . 

The threshold s o f  T-node s ar e graduall y raise d i n th e cours e o f  a  processin g cycle .  A s 

a resul t  man y T-node s ma y participat e i n th e firs t  stage s o f  a  cycle .  A t  th e en d o f  a  cycl e 

onl y th e bes t  matchin g T-node s remai n activ e whe n th e modul e 'freezes '  int o a  stabl e 

completion . 

67 



D EN U Y L 

The activation state of a R-node not clamped by external connections is a (probabilistic) 

functio n o f  th e incomin g signal s fro m T-nodes ;  representatio n node s wil l  ten d t o confor m 

t o th e 'majorit y vote '  o f  incomin g signals . 

How do trace nodes come to represent contingencies between representation nodes? I will 

shortcu t  thi s comple x issu e her e b y postulatin g a  globa l  learnin g rul e tha t  suffice s fo r  presen t 

purposes :  a t  th e en d o f  a  completio n cycle ,  ke y weigth s o f  the n activ e trac e node s tha t  ar e 

inconsisten t  wit h th e activatio n stat e o f  th e connecte d representatio n nod e ma y chang e thei r 

sig n wit h a  certai n probabilit y  s o a s t o achiev e consistenc y . 

Harmony 

In a 'harmonium model' processing is driven by a single principle: that of achieving completions 

wit h th e highes t  harmon y o r  'self-consistency' .  Harmon y i s th e degre e o f  consistenc y betwee n 

a patter n o f  activatio n ove r  th e representatio n nodes ,  an d a  se t  o f  preferre d pattern s define d 

by th e key s i n th e activ e trac e nodes .  Mor e precisely ,  th e harmon y o f  a  syste m stat e ca n 

be expresse d a s follow s : 

Let  a  vecto r  T  represen t  th e state s o f  trac e node s wit h th e value s active= l  an d inactive=0 ; 

a vecto r  R  ove r  representatio n node s take s th e value s on=+ l  an d off=-l ;  a  vecto r  K j  represent s 

th e ke y i n trac e nod e T j  wit h th e value s + 1 an d - 1 fo r  positiv e an d negativ e weights ,  an d 

0 whe n T j  i s  no t  connecte d t o Rj .  Th e harmon y o f  a  stat e the n is : 

H(T.R) = ^ T.R*K. (1) 

It can readily be seen that (1) is equivalent to the sum of all consistent signals in the module 

minu s th e summed inconsisten t  signal s ('* '  denote s th e do t  product) . 

Primary Coding of Magnitude 

Magnitudes on some dimension are represented on a subset of the R-nodes in a harmonium 

module ,  th e 'magnitud e representatio n nodes '  o r  M-nodes .  Th e primar y cod e fo r  a  magnitud e 

i s simpl y th e numbe r  o f  M-node s activ e i n th e module .  Thi s primar y codin g ma y b e brough t 

abou t  thus . 

M-node s ar e clampe d int o activatio n state s b y externa l  connection s carryin g activatio n signal s 

tha t  hav e thei r  origi n i n sensor y systems .  Fo r  eac h M-nod e a  threshol d paramete r  mj ^  i s  define d 

tha t  randoml y fluctuate s ove r  time .  A n M-nod e wil l  b e clampe d i n th e activ e stat e upo n 

presentatio n o f  a  stimulu s magnitud e s .  whe n Sj  >  mj ^  an d wil l  b e clampe d 'of f  otherwise . 

Weber' s La w implie s tha t  th e treshold s o f  M-node s ar e space d approximatel y geometricall y 

ove r  th e dynami c rang e o f  th e magnitud e dimension .  Th e cumulativ e distributio n function , 

i.e .  th e expecte d numbe r  o f  activ e M-nodes ,  the n i s a  logarithmi c functio n o f  stimulu s intensity . 

2 
Thi s postulat e mark s a  transitio n fro m a n 'enumeratio n o f  specifi c  instances '  principl e i n Smolensk y i t  Rile y 

41984 )  t o a  'superpositio n o f  traces '  principl e (McClellan d i i  Rumelhar t  1985) . 
T h e presen t  notatio n i s slightl y differen t  fro m Smolensk y S t  Rile y (1984) . 
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A rational e fo r  th e presen t  instantiatio n o f  Fechner' s time-honore d 'Logarithmi c Law ' 

i s tha t  thi s codin g schem e make s minima l  demand s o n th e stabilit y  o f  th e unit s i n whic h 

magnitud e informatio n i s encoded .  I n thi s wa y reliabl e intensit y resolutio n ca n b e achieve d 

by parallellin g highl y unreliabl e individua l  units . 

Contextua l  Codin g 

In Trace Sample theory (den Uyl 1981) the contextual code for a stimulus magnitude Sj is 

th e proportio n o f  trace s i n th e trac e sampl e smalle r  tha n S: .  Th e presen t  distribute d mode l 

does no t  stor e trace s (copies )  o f  magnitudes .  Stimul i  ma y onl y hav e a  lastin g impac t  o n memor y 

by changin g ke y weights .  Yet ,  a  contextua l  cod e ca n b e compute d i n th e harmoniu m mode l 

tha t  i s  equivalen t  t o th e secondar y cod e i n Trac e Sampl e theory . 

Four kinds of trace signals t(R,K) from T-nodes to R-nodes contribute to system harmony: 

-  activatio n signal s t o activ e R-nodes :  t(+,+) , 

-  de-activatio n signal s t o activ e R-nodes :  t(+,-) , 

-  activatio n signal s t o inactiv e R-nodes :  t(-,+) , 

-  de-activatio n signal s t o inactiv e R-nodes :  t(-,-) . 

Inconsisten t  trac e signal s (t(+,- )  an d t(-,+) )  provid e informatio n concernin g th e positio n 

of  Sj  i n th e magnitud e distributio n o f  simila r  stimuli .  A  signa l  t(+,- )  implie s tha t  th e presen t 

stimulu s dominate s a  threshol d (Sj>mjj )  whil e som e pas t  stimulu s s  whic h cause d th e negativ e 

key weigh t  i n th e signal ,  ha d bee n belo w thi s threshol d (mjj,> s  ) .  Hence ,  i t  ma y b e inferre d 

fro m t(+,- )  tha t  Sj  dominate s a t  leas t  on e pas t  stimulus .  Analogously ,  a  signa l  t(-,+ )  indicate s 

tha t  Sj  i s  smalle r  tha n som e pas t  stimulus .  O f  course ,  erro r  i s introduce d int o thes e inference s 

becaus e o f  th e rando m fluctuation s ove r  tim e o f  th e thresholds . 

Consisten t  signal s d o no t  provid e contextua l  information ,  thes e signal s onl y indicat e wher e 

bot h Sj  an d pas t  stimul i  stan d wit h regar d t o threshol d nodes . 

We denote the frequency of the signal t(R,K) summed over M-nodes, given activation 

vector s T  an d M upo n presentatio n o f  stimulu s Sj  b y f(T,M)j(̂ >̂ ) -  ̂  contextua l  cod e C j 
equivalen t  t o th e percentil e cod e i n Trac e Sampl e theor y ca n the n b e expresse d as : 

Cj may range from 0 for extremely small stimuli to 1 for extremely large stimuli, the expected 

valu e fo r  intermediat e stimul i  (th e adaptatio n level )  i s  0.5 . 

It may be observed that in the present model norms for magnitude judgment, i.e. the 

distributio n o f  trac e signal s i n a  harmoniu m module ,  ar e indee d compose d ane w fo r  eac h 

judgment ,  a s eac h stimulu s patter n ma y activat e a  differen t  T  vecto r  an d henc e sampl e a 

differen t  se t  o f  ke y weight s (cf .  McClellan d &  Rumelhar t  1985) . 
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Dissonanc e a s a  Contextua l  Cod e 

The contextual coding scheme in the preceding section raises one important problem: How 

can th e contextua l  cod e i n (2 )  b e compute d i n a  distribute d system ? Al l  th e informatio n 

require d fo r  th e computatio n i s presen t  i n th e M-nodes .  I t  woul d appea r  a  simpl e solutio n 

t o hav e al l  M-node s sen d count s o f  inconsisten t  incomin g signal s t o specia l  'collector-units ' 

wher e th e necessar y computation s coul d b e performed .  However ,  thi s proposa l  woul d requir e 

M-node s t o sprea d othe r  -mor e complex -  informatio n throug h th e syste m tha n jus t  thei r 

activatio n state .  Th e proposa l  implie s a  majo r  breac h wit h connectionis t  desig n principles . 

There are ways to approximate the contextual code using standard -though specialized-

connectionis t  processors .  On e suc h schem e involve s th e detectio n o f  dissonanc e i n activatio n 

patterns .  A  clampe d representatio n nod e i s dissonant ,  whe n a  majorit y o f  incomin g trac e signal s 

ar e inconsisten t  wit h th e clampe d activatio n stat e o f  th e R-node . 

Dissonance can be detected in the following way. Suppose a completion cycle in a 

harmoniu m modul e i s followe d b y a  resonanc e cycl e i n whic h th e activatio n patter n o n T-node s 

remain s unchanged ,  bu t  al l  clamp s o n R-node s ar e removed ,  thu s allowin g R-node s t o settl e 

int o preferre d states .  Dissonan t  node s -i.e .  R-node s whic h chang e thei r  activatio n stat e i n 

th e resonanc e cycle -  coul d the n b e registrate d i n specialize d unit s (e.g .  unit s sensitiv e t o 

time-contras t  i n activatio n signals) . 

The contextual code in (2) can be approximated in various ways from the dissonance 

i n M .  Larg e stimul i  wil l  ten d t o clam p high-threshol d M-node s -expecte d t o b e off -  i n dissonan t 

activ e states ,  smal l  stimul i  wil l  produc e dissonanc e i n inactiv e nodes .  Intermediat e magnitude s 

wi l  caus e th e lowes t  overal l  dissonanc e i n M . 

The precize form a dissonance-based contextual code may take is not important for the 

moment.  Th e genera l  poin t  I  wan t  t o mak e her e i s tha t  althoug h i t  i s  feasibl e t o develo p 

fairl y simpl e codin g scheme s fo r  contextua l  magnitud e representation s i n a  connectionis t  memor y 

module ,  som e specia l  provision s ar e require d t o thi s end . 

R E S O N A N CE A N D QUAL ITAT IV E J U D G M E NT 

It may be conjectured that all qualitative judgments share the structure of contextual magnitude 

judgment ,  the y al l  involv e th e contextua l  evaluatio n o f  memor y resonanc e t o a n objec t 

description . 

A crucia l  ste p mus t  b e take n i n orde r  t o us e resonanc e informatio n i n a  memor y system . 

Globa l  characteristic s o f  memor y activit y i n respons e t o a  patter n o f  stimulatio n mus t  b e 

represente d withi n th e memor y syste m itself ,  i n orde r  t o b e interprete d a s providin g informatio n 

abou t  th e objec t  tha t  gav e ris e t o thi s memor y activity .  Fo r  instance ,  i n orde r  t o us e th e 

exten t  o f  inconsisten t  activatio n i n a  modul e a s a  measur e o f  th e extreemnes s o f  th e magnitud e 

of  a n object ,  inconsisten t  activatio n mus t  i n som e wa y b e detecte d an d registrated . 

It has been proposed that resonance evaluation takes the form of evaluating patterns of 

dissonanc e betwee n a  'preferred '  o r  expecte d resonanc e pattern ,  an d th e patter n externall y 

impose d o n th e memory .  A  rational e fo r  thi s for m o f  evaluatio n ca n b e foun d i n th e desig n 

principle s o f  a  distribute d memory .  I n a  distribute d memor y knowledg e i s hidde n rathe r  tha n 
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Stored .  Pas t  event s onl y leav e trace s i n th e for m o f  change s i n activatio n weights .  I t  i s  no t 

easy t o systematicall y searc h o r  recove r  pas t  episode s fro m suc h traces . 

Some tasks ,  lik e magnitud e judgmen t  o r  evaluatio n o f  prototypicality ,  requir e a  syste m t o 

make us e o f  knowledg e concernin g th e distributio n o f  differen t  stimulu s pattern s i n th e past . 

Yet ,  a  modul e i n a  distribute d memor y ca n onl y suppor t  on e patter n o f  activatio n a t  a  time . 

Trace s o f  pas t  event s tha t  d o no t  correspon d t o a n actua l  patter n i n a  modul e ma y onl y 

influenc e furthe r  processing ,  i f  i t  i s  i n som e wa y registere d tha t  the y woul d hav e like d t o 

see thing s different . 

I have said little about 'goodness', preference and affective qualities in qualitative judgment. 

The reaso n i s tha t  likin g doe s no t  occu r  -excep t  i n a  metaphorica l  sense -  o n th e leve l  o f 

memory modules .  Onl y th e syste m a s a  whol e ha s like s an d dislikes .  I n orde r  t o exten d th e 

presen t  hypothesi s t o affectiv e evaluation ,  th e notio n o f  memor y resonanc e shoul d b e extende d 

t o highe r  level s o f  organization ,  i.e .  resonanc e shoul d b e evaluate d ove r  collection s o f  module s 

rathe r  tha n withi n singl e modules .  A  suitabl e framewor k fo r  suc h a n extensio n ca n b e foun d 

i n Frijda' s 'concern-realization '  theor y o f  emotio n (Frijd a 1986 ;  de n Uy l  &  Frijd a 1984) . 
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