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Indexica l  Constraint s o n Symbol i c Cognitiv e Functionin g 

Davi d A .  Schwart z (hebb@uiiiich.edu ) 
Departmen t  o f  Psycholog y 

Universit y  o f  Michiga n 
525 E .  University ;  An n Arbor ,  M I  48109-110 9 US A 

Abstrac t 

This paper derives a number of logically necessary principles 
tha t  gover n cognitiv e functioning ,  an d review s empirica l 
evidenc e supportin g th e validit y o f  thes e principles .  I t  advance s 
an argumen t  i n whic h menta l  representation s ar e conceive d a s 
indexica l  signs ,  i n tha t  the y ar e causall y relate d t o th e object s 
the y represent .  Thi s indexicalit y give s rise  t o fou r  genera l 
principle s o f  cognitiv e functioning .  First ,  menta l  activit y i s 
strongl y influence d b y tha t  whic h i s  present .  Second ,  menta l 
activit y exhibit s relativ e insensitivit y t o absence .  Third ,  mind s 
exhibi t  difficult y representin g negation ,  becaus e representin g 
negatio n entail s representin g th e absenc e o f  tha t  whic h i s 
negated .  Fourth ,  thinkin g i s believing ,  i n tha t  representin g a 
propositio n implicitl y  entail s acceptin g th e trut h o f  th e 
proposition . 

T h e o r y 

Scientific theories delineate the boundaries of the possible. 
They identif y wha t  ca n an d ca n no t  occu r  i n thi s particula r 
univers e an d the y explai n w h y certai n phenomen a ar e 
impossible .  I n Physics ,  fo r  example ,  th e secon d la w o f 
thermodynamic s hold s tha t  entrop y ca n no t  decreas e i n a 
close d system .  This ,  i n turn ,  explain s w h y a  perpetua l 
motio n machin e ca n no t  exist .  I n Biology ,  th e theor y o f 
evolutio n b y natura l  selectio n hold s tha t  trait s tha t  solel y 
benefi t  th e reproductio n o f  othe r  individuals '  gene s wil l  no t 
proliferat e withi n a  population .  This ,  i n turn ,  explain s w h y 
altruis m i s  rar e i n nature .  Cognitiv e scientists ,  however , 
see m thu s fa r  t o hav e identifie d few ,  i f  any ,  necessar y 
constraint s upo n wha t  typ e o f  menta l  phenomen a ar e 
possible .  I  therefor e undertoo k th e followin g researc h wit h 
tw o goal s i n mind :  First ,  t o identif y logicall y necessar y 
principle s tha t  gover n cognitiv e functioning. ;  and ,  second ,  t o 
use thes e principle s t o integrat e divers e empirica l  findings 
int o a  coheren t  conceptua l  framework . 

My approac h i s  semiotic ,  i n tha t  I  trea t  menta l 
representation s a s signs ,  thing s i n th e nervou s syste m tha t 
stan d fo r  o r  signif y thing s outsid e o f  th e nervou s system . 
Mor e technically ,  th e America n philosophe r  C .  S .  Peirc e 
define d a  sig n a s a n entit y tha t  represent s som e objec t  t o 
some interpreter .  Peirc e (1966 )  distinguishe d thre e broa d 

categorie s o f  signs :  symbols ,  icons ,  an d indices .  A  symbo l 
bear s a  purel y arbitrar y an d conventiona l  relationshi p t o tha t 
whic h i t  signifies .  Al l  non-onomatopoeti c word s i n a  h u m a n 
languag e (bot h spoke n an d written )  ar e symbols . 

A n ico n bear s a  physica l  resemblanc e t o tha t  whic h i t 

signifies .  A  portrai t  i s  a n ico n o f  th e perso n w h o pose d fo r  it , 
as i s a  pictograp h o f  it s  referent . 

A n inde x signifie s it s objec t  b y virtu e o f  bein g physicall y 
connecte d t o it ,  o r  b y havin g a  cause-and-effec t  relationshi p 
t o tha t  object ,  suc h tha t  th e inde x i s th e effec t  an d th e objec t 
th e cause .  Th e followin g example s o f  indice s m a y hel p t o 
clarif y th e concept : 

A thermomete r  indicate s temperature ,  becaus e th e ambien t 
heat  cause s th e mercur y t o ris e i n th e tube .  A  weathervan e 
indicate s win d direction ,  becaus e th e win d cause s th e van e 
t o poin t  i n a  certai n direction .  S m o k e indicate s fire ,  becaus e 
th e fire  cause s th e smoke .  A  feve r  indicate s illness ,  becaus e 
th e infectio n cause s th e i m m u n e syste m t o rais e bod y 
temperature . 

Th e physica l  connectio n betwee n a n inde x an d it s objec t 
give s ris e t o thre e propertie s no t  share d b y othe r  type s o f 
signs :  First ,  a n inde x signifie s presence ;  second ,  a n inde x 
ca n no t  signif y absence ;  third ,  a n inde x i s  veridical ;  i t  ca n 
not  li e (thoug h i t  ca n b e misinterpreted) . 

I f  menta l  representation s ar e signs ,  wha t  typ e o f  sig n ar e 
they ? Th e questio n i s b y n o mean s trivial .  Symbols ,  icons , 
and indice s diffe r  fro m on e anothe r  i n importan t  ways , 
particularl y concernin g th e degre e t o whic h the y ar e 
constraine d b y th e object s the y signify .  O f  th e thre e classe s 
of  signs ,  a  symbo l  i s th e leas t  constraine d b y it s object ,  fo r  a 
symbol  ca n signif y whateve r  th e peopl e usin g i t  choos e i t  t o 
represent .  B y contrast ,  a n inde x i s th e mos t  constraine d o f 
th e three ,  fo r  th e relationshi p betwee n a n inde x an d it s objec t 
i s no t  a  matte r  o f  socia l  convention ,  bu t  o f  th e invarian t 
propertie s o f  matte r  encode d i n th e law s o f  physic s an d 
chemistr y o r  i n th e anatom y an d physiolog y characteristi c o f 
a give n species .  Conceptualizin g menta l  representation s a s 
one typ e o f  sig n rathe r  tha n a s another ,  therefore ,  wil l 
influenc e ou r  model s o f  min d i n importan t  ways . 

T o answe r  th e question ,  conside r  first  perceptua l 
representations .  Accordin g t o Jame s (1892) ,  perceptio n i s 
"th e consciousnes s o f  particula r  materia l  thing s presen t  t o 
sense "  (p .  179) .  Gregor y (1987 )  ha s writte n tha t  perceptio n 
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give s u s "knowledg e o f  th e cause s o r  source s o f  sensations " 

(p .  600) .  Finally ,  a  natura l  scienc e perspectiv e entail s th e 

assumptio n tha i  th e perceivin g min d i s physicall y connecte d 

t o th e phenomen a i t  perceive s vi a mechanism s o f  energ y 

transduction . 

Perceptua l  representation s thu s appea r  t o exhibi t  a  numbe r 
of  indexica l  properties .  First ,  ou r  perception s indicat e t o u s 

th e presenc e o f  tha t  whic h w e perceive .  Second ,  ou r 

perception s d o not ,  an d ca n not ,  indicat e t o u s th e absenc e o f 

tha t  whic h w e perceive .  Finally ,  seein g (o r  hearin g o r 
smellin g o r  touching )  i s believing .  Althoug h w e ca n an d d o 
er r  i n ou r  perceptions ,  b y misinterpretin g th e evidenc e o f  ou r 

senses ,  i n genera l  w e d o no t  questio n th e validit y o f  ou r 
perceptions .  W e implicitl y  tak e ou r  perception s t o b e tru e 

indication s o f  th e stat e o f  th e worl d o r  o f  ou r  o w n bodies . 
I  therefor e propos e a s th e first  premis e o f  m y argumen t 

tha t  perceptio n i s a n indexica l  for m o f  representation .  A s m y 

secon d premise ,  I  propos e tha t  th e propertie s o f  perceptio n 
ar e th e propertie s o f  cognitiv e functionin g i n general .  Thi s 
latte r  premise ,  expounde d man y year s ag o b y psychologist s 

of  th e Gestal t  school ,  finds  suppor t  i n th e wor k o f  scientist s 
suc h a s Heb b (1980) ,  Brune r  (1973) ,  an d Shepar d (1981) . 

Take n together ,  th e tw o premise s sugges t  tha t  indexica l 
propertie s shoul d characteriz e al l  form s o f  cognitiv e 
functioning .  A  somewha t  weaker ,  bu t  mor e tenabl e 
conclusio n i s tha t  indexica l  propertie s shoul d constrai n al l 
form s o f  cognitiv e functioning .  Fou r  genera l  principle s 
follo w fro m thi s conclusion .  First ,  menta l  activit y wil l  b e 
strongl y influence d b y tha t  whic h i s present .  Second ,  menta l 
activit y wil l  exhibi t  relativ e insensitivit y t o absence .  Third , 
mind s wil l  exhibi t  difficult y representin g negation ,  becaus e 
representin g negatio n entail s representin g th e absenc e o f  tha t 
whic h i s negated .  Fourth ,  thinkin g i s believing ,  b y whic h I 
mean tha t  representin g a  propositio n implicitl y  entail s 
acceptin g th e trut h o f  th e proposition . 

O ne ca n evaluat e th e meri t  o f  th e precedin g argumen t  i n 
tw o ways .  First ,  on e ca n evaluat e i t  i n term s o f  it s  logica l 
coherence .  I t  seem s coheren t  t o m e ,  bu t  other s mor e skille d 
i n thi s typ e o f  analysi s ma y b e abl e t o find  faul t  wit h m y 
reasoning .  Second ,  on e ca n trea t  th e genera l  principle s 
derive d fro m th e premise s a s empirica l  predictions ,  an d 
determin e whethe r  minds ,  huma n o r  otherwise ,  do ,  i n fact , 
behav e a s th e theor y suggest s the y should . 

D a t a 

The conceptual framework developed in the preceding 
sectio n thu s propose s tha t  perceptio n i n particular ,  an d 
menta l  representatio n i n general ,  function s a s a n indicatio n 
of  th e world .  A s such ,  menta l  processe s ar e concerne d 
primaril y wit h ascertainin g wha t  i s presen t  i n o r  tru e o f  th e 
organism' s environmen t  (including ,  fo r  thos e wit h mor e 
comple x nervou s systems ,  wha t  wil l  b e presen t  o r  tru e i n th e 
near  o r  not-so-nea r  future) .  Thoug h huma n mind s can ,  wit h 
some effort ,  detec t  absenc e o r  conceiv e proposition s a s 

bein g false ,  th e abilit y  t o d o s o i s relativel y wea k (an d 

perhap s fragile )  compare d t o th e eas e wit h whic h w e detec t 
presenc e an d implicitl y  believ e whateve r  informatio n come s 

t o mind . 

I n th e are a o f  detection ,  fo r  example ,  psychophysicist s 

hav e foun d tha t  peopl e detec t  th e appearanc e (onset )  o f  a 
visua l  (Bartlet t  e l  al. ,  1968) ,  auditor y (Zer a an d Green , 

1993) ,  o r  tactil e (Stich t  an d Gibson ,  1967 )  stimulu s mor e 

readil y tha n the y detec t  th e disappearanc e (offset )  o f  th e 
stimulus .  I n visua l  searc h tasks ,  moreover ,  peopl e mor e 
quickl y detec t  th e presenc e o f  a  targe t  featur e amon g a  field 
of  distracter s tha t  lac k i t  ( Q amon g Os )  tha n th e absenc e o f  a 

targe t  featur e amon g a  field  o f  distracter s tha t  hav e i t  ( 0 

among Qs )  (Hearst ,  1991) . 
Finally ,  Fischoff ,  Slovic ,  an d Lichtenstei n (1978 ) 

presente d subject s wit h variou s version s o f  a  diagra m 
describin g way s i n whic h a  ca r  migh t  fai l  t o start .  Thes e 

version s differe d i n h o w muc h o f  th e ful l  diagra m ha d bee n 
deleted .  W h e n aske d t o estimat e th e degre e o f  completenes s 
of  thes e diagrams ,  th e subject s wer e ver y insensitiv e t o th e 
missin g parts .  Eve n th e omissio n o f  major ,  commonly -

know n component s (e.g. ,  th e ignitio n an d fue l  systems )  wer e 
barel y detected . 

Withou t  detectio n ther e ca n b e n o learning ,  an d s o i t  doe s 
not  surpris e tha t  animals ,  includin g humans ,  lear n 
contingencie s involvin g presenc e mor e readil y tha n the y 

lear n thos e involvin g absence .  Fo r  example ,  gigeon s an d 
many othe r  specie s discriminat e muc h bette r  betwee n tw o 
stimul i  i n feature-positiv e situation s (i n whic h th e presenc e 
of  somethin g signal s a  reward )  tha n i n feature-negativ e 
situation s (i n whic h th e absenc e o f  a  featur e signal s a 
reward )  (Hearst ,  1991) .  I n addition ,  Nisbet t  an d Ros s (1980 ) 
hav e documente d tha t  peopl e hav e mor e difficult y detectin g 
covariation s whe n th e presenc e o f  on e stimulu s covarie s 
wit h th e absenc e o f  anothe r  tha n whe n i t  covarie s wit h th e 
presenc e o f  another . 

Hor n (1989 )  reviewe d th e considerabl e bod y o f  empirica l 
evidenc e concernin g th e psychologica l  asymmetr y betwee n 
affirmativ e an d negativ e propositions .  Waso n (1959 ;  1966) , 
fo r  example ,  reporte d tha t  peopl e find  i t  easie r  t o reaso n 
wit h affirmativ e statement s (e.g. ,  modu s ponens )  tha n wit h 
denial s (e.g .  modu s tollens) .  Clar k (1974 )  foun d tha t 
negatio n i s mor e difficul t  t o comprehen d tha n i s affirmation , 
and tha t  i n sentenc e verificatio n tasks ,  peopl e tak e longe r  t o 

verif y denial s (" x i s false" )  tha n t o verif y affirmative s (" x i s 
true") .  Clar k als o foun d tha t  peopl e tak e longe r  t o verif y 
absenc e tha n presence ,  whic h seem s furthe r  evidenc e fo r  th e 
mind' s relativ e insensitivit y t o absence .  Finally , 
psycholinguist s hav e documente d tha t  th e abilit y  t o den y 

proposition s (i.e. .  truth-functiona l  negation )  i s on e o f  th e las t 
linguisti c abilitie s t o emerg e i n childhoo d (Gilbert ,  1991) . 

The clai m tha t  thinkin g i s believin g strike s man y peopl e a s 
counter-intuitive ,  i f  no t  patentl y absurd .  Ye t  ther e exist s bot h 
philosophica l  an d empirica l  suppor t  fo r  thi s position . 
Spinoz a (1993/1677 )  an d Willia m Jame s (1892) ,  fo r 
example ,  bot h argue d tha t  representatio n entail s belief . 
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Moreove r  i n recen t  decade s psychologist s hav e 

accumulate d a  larg e bod y o f  findings  whic h sugges t  tha t 
belie f  i s  automati c upo n comprehension ,  tha t  belief s persis t 
eve n whe n explicitl y  discredited ,  an d tha t  th e strengt h o f  a 
belie f  varie s a s a  functio n o f  one' s familiarit y wit h th e 

informatio n a  give n propositio n contains . 
Gilber t  (1991) ,  fo r  example ,  foun d tha t  subject s w h o 

hslene d t o a  counter-attitudina l  communicatio n whil e 
attendin g t o a n irrelevan t  stimulu s wer e particularl y likel y t o 

accep t  th e proposition s the y comprehended .  H e als o reporte d 
tha t  whe n "resource-depleted "  person s ar e expose d t o 
doubtfu l  propositions ,  thei r  abilit y  t o rejec t  thos e 

proposition s i s markedl y reduced . 
Swann an d Giulian o (1987 )  foun d direc t  suppor t  fo r  th e 

notio n tha t  simpl y entertainin g a  belie f  elevate s th e 
perceive d informativenes s o f  evidenc e tha t  m a y confir m tha t 
belief .  Accordin g t o Gilber t  (1991) ,  thi s suggest s tha t  i n th e 
proces s o f  entertainin g a n hypothesis ,  peopl e m a y actuall y 
embrac e it—thu s raisin g th e perceive d diagnosticit y o f 
confirmator y evidence .  Finally ,  Clark' s an d Chase' s (1977 ) 
model  o f  sentenc e verificatio n suggest s tha t  al l  sentence s ar e 
initiall y  code d a s true ,  an d tha t  th e compariso n stag e lead s t o 
furthe r  menta l  wor k onl y whe n th e sentenc e turn s ou t  t o b e 
false . 

The researc h concernin g belie f  perseveranc e suggest s tha t 
peopl e ar e particularl y poo r  a t  ignoring ,  forgetting ,  rejecting , 
or  otherwis e failin g t o believ e tha t  whic h the y hav e 
comprehended .  Ross ,  Lepper ,  an d Hubbar d (1975) ,  fo r 
example ,  foun d tha t  subject s i n a  stud y believe d thing s the y 
wer e tol d about  themselve s despit e havin g bee n warne d i n 
advanc e tha t  th e informatio n wa s invalid .  Th e subject s 
seemed unabl e t o represen t  statement s i n a  truth-neutra l 
fashion ,  eve n whe n directl y motivate d t o d o so . 

Nisbet t  an d Ros s (1980 )  reporte d tha t  whe n peopl e 
formulate d a  theor y base d upo n som e putativel y probativ e 
evidenc e an d late r  discovere d tha t  th e evidenc e wa s false , 
th e theor y ofte n survive d suc h tota l  discrediting .  Finally , 
Johnso n an d Seifer t  (1994 )  foun d tha t  peopl e d o no t  forge t 
misinformation .  Onc e havin g bee n informe d tha t  a  perso n 
die d o f  foo d poisonin g contracte d a t  a  particula r  restaurant , 
peopl e continue d t o expres s th e belie f  tha t  th e restauran t 
serve s ba d foo d eve n afte r  bein g informe d tha t  th e perso n 
actuall y die d o f  a  hear t  attac k unrelate d t o th e food . 

Finally ,  I  not e tha t  belie f  i s  no t  a n all-or-nothin g 
phenomenon ,  but ,  rather ,  varie s alon g a  continuu m fro m 
more t o less .  Wha t  then ,  determine s th e exten t  t o whic h on e 
accept s th e validit y o f  a  proposition ? I f  w e implicitl y 
interpre t  ou r  thought s a s evidenc e indicativ e o f  th e presenc e 
i n th e worl d o f  tha t  t o whic h th e though t  corresponds ,  the n i t 
seems reasonabl e t o assum e tha t  th e stronge r  th e presenc e o f 
some informatio n i n ou r  minds ,  i.e. ,  th e clearer ,  mor e 
distinct ,  an d mor e familia r  th e thought ,  th e mor e likel y w e 
ar e t o accep t  th e validit y o f  th e situatio n posite d b y th e 
thought .  Thu s w e expec t  th e validit y peopl e attribut e t o 
proposition s t o vary ,  i n part ,  a s a  functio n o f  thei r  prio r 
exposur e t o th e information . 

Empirica l  findings  suppor t  thi s expectation .  Arke s (1991) , 
fo r  example ,  foun d tha t  th e mor e ofte n a  perso n encountere d 
a proposition ,  th e mor e likel y the y wer e t o judg e th e 
informatio n i t  containe d a s true .  Bot h Loftu s (1979 )  an d 

Rnedige r  an d McDermot t  (1995 )  hav e show n tha t  familiarit y 
manipulation s induc e fals e memories .  Finally ,  Gerbne r 

(1978 )  foun d tha t  th e mor e tim e a  perso n spen t  watchin g 
television ,  th e mor e likel y the y wer e t o overestimat e th e 
incidenc e o f  violenc e i n thei r  o w n neighborhood . 

C o n c l u s i o n 

The three empirical generalizations discussed in the 
precedin g section ,  th e mind' s greate r  relativ e sensitivit y t o 
presence ,  th e psychologica l  asymmetr y betwee n negativ e 
and positiv e propositions ,  an d th e automaticit y an d 
perseveranc e o f  belief ,  al l  hav e bee n k n o w n t o psychologist s 
fo r  som e time .  I t  woul d b e od d indee d wer e thre e suc h 
robus t  propertie s o f  th e min d entirel y unrelate d t o on e 
another .  Th e novelt y an d valu e o f  m y contribution ,  suc h a s i t 
is ,  lie s i n m y havin g conceptualize d thes e thre e 
characteristic s o f  cognitiv e functionin g a s differin g 
manifestation s o f  a  singl e basi c propert y o f  mind ,  an d i n m y 
havin g attempte d t o articulat e th e natur e o f  tha t  property . 
Whethe r  o r  no t  on e agree s wit h th e positio n I  hav e take n i n 
thi s pape r  concernin g th e indexicalit y o f  mind ,  I  hop e I  hav e 
persuade d th e reade r  tha t  progres s i n cognitiv e scienc e wil l 
be aide d b y th e identificatio n logicall y necessar y constraint s 
tha t  gover n cognitiv e functioning . 
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