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A Unifie d Theor y o f 

Cognitiv e Referenc e Frame s 

Michael Leyton 

Departmen t  o f  Psycholog y 
Universit y o f  California ,  Berkele y 

The ter m referenc e frame  i s use d i n a  wid e 
variet y o f  studie s t o describ e a  remarkabl y 
divers e se t  o f  phenomen a i n th e fiel d o f  Human 
Cognition .  N o unifie d theor y exists .  Thi s 
pape r  elaborate s suc h a  theor y an d applie s i t 
t o a  numbe r  o f  example s i n th e followin g mai n 
areas :  (1 )  Categorizatio n an d Prototypicalit y 
(2)Visua l  Shape  Perception ;  (3 )  Auditor y 
Reference ;  (4)Motio n Perception ;  (5)Linguisti c 
Deixis . 

Cognition as the modeling of logical processes 
I n a  length y stud y o f  perceptua l  organ -

izatio n (Leyton ,  1974) ,  I  conclude d tha t 
perceptio n i s a n attemp t  t o represen t  th e worl d 
as a  se t  o f  logica l  languages .  An y suc h 
languag e consist s o f  fou r  component s (S,F,A,P ) 

S= a  se t  o f  primitiv e symbol s 
F= a  se t  o f  rule s o f  formatio n 
A= a  se t  o f  axiom s 
P= a  se t  o f  rule s o f  procedur e 

Essentially ,  th e rule s P  ar e applie d t o th e 
axiom s A  t o produc e a  furthe r  se t  o f  formation s 
whic h ar e calle d theorems .  I  argue d tha t 
perceptio n attempt s t o distinguis h i n an y 
environmen t  a n axio m se t  o f  stimulu s formation s 
and deriv e th e othe r  stimul i  a s theorem s 
generate d fro m A ,  vi a perceptua l  operation s P . 
I  argue d furthe r  tha t  becaus e a  logica l  languag e 
i s equivalen t  t o a  machin e (Minsky ,  1972) , 
perceptio n i s inherentl y a n attemp t  t o giv e a 
machine-lik e (o r  computational )  accoun t  o f  th e 
environment .  Becaus e i t  seeme d t o me tha t 
perception ,  a s a  descriptiv e mechanism , 
exhibited ,  i n th e abov e respects ,  genera l 
propertie s o f  al l  descriptiv e processes ,  I 
argue d tha t  al l  informatio n o r  descriptio n i s 
inherentl y a  computationa l  account . 

Althoug h my argumen t  i n Leyto n (1974 )  use d 
purel y cognitiv e evidence ,  i n Leyto n (198la&b), I 
arrive d a t  th e sam e conclusio n usin g 
theoretical-biologica l  an d statistical-mechanica l 
arguments :  Perceptua l  mechanism s wer e develope d 
t o identify ,  i n th e environment ,  machine s t o 
whic h th e organis m coul d coupl e itsel f  t o 
extrac t  work .  Thus ,  i n claimin g tha t  al l 
perceptio n i s th e descriptio n o f  machine s (o r 
computationa l  processes) ,  I  wa s claimin g tha t 
al l  perceptio n i s inherentl y th e identificatio n 
of  availabl e work .  Th e presen t  pape r  elaborate s 
thi s vie w furthe r  an d show s ho w i t  explain s 
cognitiv e referenc e phenomena . 

Machines as the basis of description. 
Essentially ,  an y machin e M ( a state-outpu t 

machine )  ca n b e describe d a s 
fQ= a  se t  o f  state s (i.e .  a  state-space ) 

M» '  P = a  se t  o f  input s 
.a n actio n o f  th e inpu t  se t  o n th e state s 

The input s ca n thu s b e viewe d a s trans -
formation s causin g state-transitions . 

I  clai m tha t  al l  descriptio n (includin g 
perception )  i s a n attemp t  t o characteriz e classe s 
of  stimul i  a s state-space s o f  machines .  Thus , 
i n particular ,  I  argu e tha t  th e propertie s o f 
any singl e stimulu s ar e spli t  int o tw o classe s 
(1 )  thos e propertie s denotin g state ,  (2 )  thos e 20A 

denotin g th e objec t  whic h i s undergoin g th e 
stat e (e.g .  a  fallin g rock) .  Thu s w e have : 
Preliminar y definitio n A  descriptio n o f  a 

stimulu s se t  S ,  i s a  map fro m th e state -
spac e o f  a  machin e ont o S ;  tha t  is ,  a  ma p 

D:  Q  •'(5,0 ) 

fo r  som e machin e M=(Q,P) . 

(The empty set 0 is included because S might 
not  yeil d th e entir e state-space) . 

Example Consider a hexagon. There are 12 
transformation s (rotation s an d reflections ) 
whic h map i t  t o itself :  e ,  r^^ ,  r-̂ ^̂ ,  r^g^ ,  r^^^ , 

*'"240 '  *''300 -'̂ 300 '  * •  "̂̂ 60 *  "^120 *  '"̂ ISO ' 
wher e e  =  n o transformatio n (th e identit y map ) 

r  =  rotatio n b y n  degree s 
t  =  reflectio n 

I n th e abov e vie w o f  description,(1 )  th e side s 
ar e perceive d a s th e state s o f  a  machine ,  an d 
(2 )  th e state-transition s therefor e becom e th e 
abov e 1 2 transformations .  Al l  twelv e transition s 
map an y on e sid e t o som e otHe r  side ,  o r  t o 
itself .  Th e resultin g diagra m I s exactl y th e 
state-transitio n diagra m o f  th e associate d 
finite-stat e machine .  Fo r  clarity .  Fi g 1 
present s onl y a  par t  o f  th e diagram .  Mos t  o f 
th e 7 2 perceive d connection s ar e omitted . 
The mean1n<p of reference. 

I  clai m tha t  a  viabl e unifie d theor y o f 
referenc e frame s I s obtaine d i f  on e assume s 

c s 

e. 
\  I 

Fi g 1 .  A  state-spac e descriptio n o f  a  hexago n 
that the brain identifies certain states as 
initia l  ones ;  tha t  is .  the y ar e viewe d a s 
pre-inpu t  o r  axiomatic .  Th e importan t  resul t 
is :  Becaus e al l  othe r  state s ar e the n obtaine d 
by applyin g th e inpu t  operations ,  P ,  eac h stat e 
i s identifiabl e b y th e operatio n whic h produce d 
it .  Thu s th e machin e descriptio n o f  a  hexago n 
i s reduce d simpl y t o viewin g on e edge ,  e.g .  th e 
to p edge )  a s a  startin g poin t  an d viewin g th e 
other s eac h a s equivalen t  t o onl y th e operation s 
whic h obtaine d the m fro m th e top .  I n 
consequence ,  th e othe r  side s ar e referre d bac k 



t o th e to p on e (Fi g 2 ) .  ( I  propose d thi s vie w o f 
reference ,  i n mathematical-logica l  terms ,  i n 
Leyton ,  1974) . 

We therefor e hav e a  revise d versio n o f  wha t 
a descriptio n is .  I t  i s  a  map fro m th e input s 
(o r  state-transitions )  ont o th e stimulu s set . 
Thus th e individua l  stimul i  ar e describe d a s 
follows :  'thi s stimulu s i s wha t  I  obtaine d afte r 
I  applie d suc h an d suc h a n ac t  t o th e initia l 
one' . 

nic h i s referre d t o a  non-rotate d one : 

/ 

^J2 0 nor . 

*5C 0 

§ 4 0 ^ ^ — ^ 7 2 0 

Fig 2. An input description of a hexagon 

Group or input descriptions. 
The syste m o f  state-transition s (o r  inputs ) 

of  a  machin e obey s a  se t  o f  condition s whic h 
defin e i t  t o b e wha t  iriathematician s cal l  a 
semigroup .  We wil l  assum e th e existenc e o f  a n 
extr a conditio n (eac h inpu t  ha s a n invers e 
input )  whic h make s th e syste m wha t  i s calle d a 
group .  Th e assumptio n i s psychologicall y 
importan t  becaus e i t  allow s th e object/stat e 
splittin g o f  th e stimulu s properties . 

Thus th e inpu t  se t  ca n b e viewe d a s a  grou p 
of  state-transitio n functions ,  o r  a n inpu t  grou p 
actin g o n S .  Bu t  ou r  theor y o f  referenc e state s 
tha t  al l  descriptio n i s th e identificatio n o f 
stimul i  wit h member s o f  th e inpu t  group .  Thu s 
we argu e tha t  al l  descriptio n i s o f  thi s form : 

Definition: A description of a stimulus set S 
i s th e map o f  th e inpu t  grou p G ,  o f  a 
machine,ont o S ;  i n fac t  th e map 

PG •(S.O) 
for some machine M=(Q,G) 
Therefore, because reference acts with respect 

t o th e pre-inpu t  o r  non-transforme d state , 
i t  act s her e wit h respec t  t o th e non -
transformatio n elemen t  (th e 'identity '  element ) 
whic h e^er y grou p contains . 

The structure of reference. 
I n th e usua l  referenc e situation ,  th e 

state-spac e i s multidimensional ;  tha t  is ,  i t 
i s  th e produc t  o f  severa l  one-dimensiona l 
component  groups .  I n thi s cas e referenc e act s 
not  jus t  wit h respec t  t o th e identit y elemen t 
of  th e entir e grou p bu t  wit h respec t  t o th e 
identit y element s o f  eac h o f  th e 1-dimensiona l 
component  groups .  I n fact ,  I  foun d (Leyton , 
i n preparation )  tha t  referenc e act s 
successivel y acros s th e components .  Fo r 
example :  a  rotate d parallelogra m 

whic h i s referre d t o a  straightene d one , 
i.e .  a  rectangle : 

whic h i s referre d t o th e non-elongate d versio n 
1.e .  a  square : 

I n th e referenc e proces s above ,  th e min d 
firs t  eliminate s th e grou p o f  rotations,i.e . 
refer s bac k t o th e identit y o f  th e rotatio n 
group ,  the n i t  eliminate s th e grou p o f  shears , 
i.e .  refer s bac k t o th e identit y o f  th e shea r 
group ,  an d finall y eliminate s th e grou p o f 
elongation s i.e .  refer s bac k t o th e identit y o f 
th e elongatio n group .  I n fact ,  I  hav e show n 
(Leyton ,  1982 ;  Leyton ,  i n preparation )  tha t 
th e orderin g i n whic h eliminatio n occur s i s 
tha t  o f  th e perceive d increasin g stabilit y 
of  th e successiv e grou p dimension s i.e .  inputs . 

The abov e rotatio n i s perceive d a s les s stabl e 
tha n th e shear ,  whic h i s perceive d a s les s 
stabl e tha n th e elongatio n 

We thu s conclude : 
Referenc e involve s th e mappin g o f  a n inpu t 

grou p o f  a  machin e t o a  stimulu s se t  suc h that ~ 
th e member s o f  th e se t  becom e viewe d a s a 

enerate d spac e o f  states ,  identifiabl e wit h th i 

f 

f 

nput s tha t  obtaine d them .  Th e referenc e 
rqces s successivel y factor s ou t  th e 
-dimensiona l  componen t  group s (o r  machines ) 

i n orde r  correspondin g t o thei r  increasing " 
perceive d stability .  Th e referenc e poin t  i n 
eac h dimensio n i s th e grou p identit y elemen t 
(i.e .  givin g th e pre-inpu t  state) . 

APPLICATIONS 

1. Protypicalit y an d reference . 
Rosch (.1975 )  ha s propose d tha t  natura l 

categorie s -  suc h a s colors ,  line -
orientation s an d number s -  hav e referenc e 
poin t  stimul i  -  suc h a s foca l  colors , 
vertica l  an d horizonta l  lines,an d numbe r 
multiple s o f  1 0 -  wit h respec t  t o whic h othe r 
catergor y member s ar e judged .  Fo r  example , 
pin k i s reference d t o red ,  a  leanin g objec t  t o 
th e vertical ,  an d 9 9 t o th e numbe r  100 .  Th e 
revers e reference s d o no t  happen . 

Usin g th e abov e theor y o f  descriptions , 
I  clai m tha t  : 
A prototype is a stimulus which is labeled 

by th e identit y elemen t  o f  th e associated " 
itipu t  group . 

It is for this reason, for example, that a 
giraff e i s judge d a s a n anima l  wit h a  lon g 
neck ,  wherea s th e nec k o f  a  mor e prototypica l 
animal ,  suc h a s a  dog ,  i s no t  eve n mentioned . 
I n ou r  theory ,  th e giraff e i s viewe d a s 
needin g a  transformatio n t o b e obtaine d (i n 
fac t  bein g equivalen t  t o tha t  transformation ) 
wherea s a  do g i s not ,  i.e .  th e do g i s a t  th e 
initia l  (axiomatic ,  pre-input )  stat e o f  th e 
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associate d dynamica l  system .  Agai n 9 9 I s 
obtaine d b y movin g 1  dow n fro m TOO (i.e . 
applyin g th e subtractio n transformation ) 
wherea s IQ O i s obtaine d b y 'jus t  stayin g 
there' . 

2. Shape perception 

2. 1 Shap e an d orientatio n 
As i s no w wel l  documented ,  th e perceptio n 

of  shap e depend s o n th e assigmen t  o f 
orientatio n CRock ,  1973 )  A  famou s exampl e 
(Fi g 3 )  i s th e perceive d differenc e betwee n a 
squar e an d a  diamond ,  whic h depend s o n ho w th e 
perceive r  place s a  referenc e coordinat e syste m 
ove r  th e sam e underlyin g figure . 

o 

o 
o 

. o 
0 

. o 

Fi g 3 .  Assigne d directio n effectin g perceive d 
shape . 

Leyto n (1974 ,  1978 )  an d Palme r  (1981 ) 
hav e independentl y propose d a  theor y o f  shap e 
perception ,  i n term s o f  th e interna l  symnetr y 
transformations .  However ,  whil e thei r  vie w 
account s fo r  severa l  importan t  effects ,  i t  i s 
clea r  tha t  i t  doe s no t  accoun t  fo r  th e effect s 
of  orientatio n o n for m perception .  I  clai m 
tha t  th e presen t  vie w does ,  becaus e i t  map s 
th e inpu t  grou p directl y dow n ont o th e stimuli , 
thu s identifyin g th e stimul i  totall y b y th e 
transformation s (i.e .  inputs )  whic h obtai n 
them .  (Not e tha t  interna l  synmetrle s allo w a 
rang e o f  alternativ e symmetricall y relate d 
description s whic h d o no t  violat e interpret -
ation. )  Thu s a  definit e elemen t  (o r  rang e o f 
elements )  ha s necessaril y  t o b e identifie d a s 
th e startin g poin t  o f  th e associate d machine . 
Furthermore ,  specifi c  subset s hav e definitel y 
t o b e identifie d wit h specifi c  componen t 
1-dimensiona l  groups .  A  chang e o f  interpret -
atio n o f  a  figur e the n become s a n alteratio n i n 
th e element s whic h perceptio n allow s t o b e 
labele d b y th e identit y input ,  o r  a n alteratio n 
i n th e subset s whic h receiv e th e componen t 
groups ,  o r  a  tota l  chang e o f  group .  Fo r 
exafi5)le,th e mai n perceive d axia l  structur e o f  a 
squar e implie s tha t  i t  i s  interpretabl e a s 
generate d foo m initia l  part s suc h a s thos e i n 
Fi g 4 . 

However ,  th e mai n perceive d axe s o f  a  diamon d 
impl y tha t  amongs t  th e allowabl e generator s 
ar e th e stimul i  i n Fi g 5 .  Thu s Interpretation s 
chang e wit h th e se t  o f  allowabl e generators . 

Fi g 5  Allowabl e generator s o f  a  diamond . 

2. 2 What  i s shape ? 
A shap e i s a n interactio n betwee n tw o 

stat e spaces :  It s Interna l  stat e soac e 
(e.g .  th e inpu t  descriptio n o f  th e hexagon , 
give n i n Fi g 2 )  an d it s externa l  stat e 
space ;  i.e .  wha t  th e figur e ca n d o (e.g . 
rotate) .  We hav e see n tha t  a  squar e an d a 
diamon d ar e distinguishe d b y th e mapping s o f 
thei r  interna l  inpu t  groups .  However ,  I  clai m 
tha t  the y ar e distinguishe d als o 
betwee n thei r  externa l  inpu t  groups .  Fo r  a 
square ,  th e mor e stabl e inpu t  grou p Include s 
th e stat e transition s i n Fi g 6 .  However , 
fo r  a  diamond .  I t  Include s mor e stabl y th e 
stat e transition s i n Fi g 7 .  Squashin g acros s 
th e corner s i s no t  allowe d stabl y fo r  th e 
square .  I  hav e identifie d (Leyton ,  I n 
preparation )  tha t  a n importan t  aspec t  o f  th e 
interactio n o f  th e interna l  (symmetry )  stat e 
spac e an d th e externa l  on e i s tha t  th e axe s 
of  symmetr y i n th e forme r  becom e identifie d 
as th e axe s o f  flexibilit y  o f  th e latte r 
(i.e .  becom e th e l-dimens1ona 1 componen t 
group s i n th e latter) . 

Fig e Allowabl e externa l  input s o f  th e squar e 

o 

Fi g 4  Allowabl e generator s o f  a  square . 
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Fi g 7  Allowabl e externa l  input s o f  th e diamon d 

I n thei r  externa l  descriptions ,  figure s 
ar e als o clearl y identifie d a s particula r 
members o f  a  stat e transitio n group ,  becaus e 
referenc e als o exist s wit h respec t  t o th e 
Initia l  point .  Fo r  example .  Wise r  (1981 ) 
foun d tha t  eve n i f  object s suc h a s tha t  i n 
Fi g 8  wer e presente d i n a  non-vertica l 
orientation ,  the y wer e nevertheles s recognize d 
faste r  whe n presente d agai n i n th e vertica l 
orientatio n tha n i n th e initia l  one .  Thu s 
her  result s sho w tha t  (1 )  th e stimulu s 
propertie s ar e clearl y partitione d Int o thos e 
denotin g stat e an d thos e denotin g th e objec t 



Fi g 8  Fro m Wise r  (1981 ) 

undergoing the state and (2) that the state is 
i n fac t  identifie d a s a  transformatio n wit h 
respec t  t o a  referen t  initia l  state . 

2.3 Pattern goodness 
The relatio n o f  goodnes s t o referenc e 

take s tw o importan t  forms :  Typ e 1 ,  wher e a 
patter n suc h a s Fi g 9  i s judge d a s les s good , 
and i s reference d to ,  it s  complete d version ; 
and Typ e 2 ,  wher e a  patter n suc h a s Fi g 1 0 i s 
judge d a s les s good ,  an d i s reference d t o it s 
non-deforme d version ,  a  square . 

V 
Fi g 9 Fi g 1 0 

Our  theor y explain s th e tw o phenomen a thus : 
Type 1 :  Th e goodnes s ratin g i n Fi g 9  i s 
clearl y base d o n th e fac t  tha t  th e side s ar e 
perceive d a s needin g mor e inpu t  transform -
ations .  Tha t  is ,  th e entir e machin e ha s no t 
been given .  Tha t  is ,  a  large r  se t  o f  interna l 
input s i s assume d fo r  th e figure .  Thus , 
patter n goodness,i n thi s case ,  i s evaluate d b y 
th e rati o 

t- 1 
r 

i.e .  th e proportio n o f  th e interna l  inpu t 
grou p G  use d i n th e descriptio n map ,  p . 
Type 2 :  Th e goodnes s ratin g i n Fi g 1 0 i s 
clearl y base d o n th e positionin g o f  th e 
figur e i n a n externa l  spac e o f  input s (i.e .  o f 
deformations )  an d referencin g 1 t  t o a n 
identit y o r  pre-inpu t  elemen t  (whic h w e hav e 
shown,  constitute s th e prototype) . 

We emphasize :  Typ e 1  goodnes s verifie s 
our  postulatio n o f  a n interna l  inpu t  group , 
and Typ e 2  goodnes s verifie s ou r  postulatio n 
of  a n externa l  inpu t  group . 
2.4 The Marr/Nishihara Shape Description Theory. 

Marr  an d Nishihar a (1978 )  claime d tha t 
th e perceptua l  descriptio n o f  shap e (e.g .  th e 
*ap e o f  animals )  i s give n b y viewin g th e 
figur e a s a  concatenatio n o f  approximatel y 
cylindrica l  module s (Fi g 11 )  wit h specifi c 
relativ e width s an d length s (Fi g 12) .  Thes e 
ar e obtaine d b y assignin g a  collectio n o f 
object-centere d loca l  referenc e frame s (axes ) 
t o th e part s o f  th e stimulu s configuration . 
The relationshi p betwee n th e frame s i s give n 
by th e coordinat e syste m (p,r,9, i  .((,s )  wher e 
symbol s ar e a s show n i n Fi g 13 .  B y applyin g 
our  theory ,  w e se e tha t  eac h o f  th e figure s i n 
th e Marr/Nishihar a pape r  describe s on e o f  th e 
point s i n a n inpu t  space .  Th e generatio n o f 
a modul e (Fi g 11 )  b y translatin g a  circl e 
throug h spac e alon g a n axi s an d b y varyin g th e 
diamete r  i s th e perceptio n o f  externa l  input s 
t o th e circle .  (Not e tha t  the y becom e interna l 
input s o f  th e module) .  Th e relativ e positio n 
of  on e modul e t o another ,  a s describe d b y thei r 
coordinat e syste m (Fi g 13) ,  i s  clearl y a  stat e 

-space ,  wher e th e modul e positionin g i s 
essentially  a  stat e unde r  th e associate d grou p 
of  transformation s alon g thes e parameter s 
e.g .  lowerin g arm s lengthin g legs ,  wavin g 

Fi g n  Generatin g a 
vase .  Fi g 1 2 A n ape . 

A 

Fi g 1 3 Th e Marr/Nishihar a coordinate s fo r 
relatin g tw o module s (Afte r  Mar r  & 
Nishihara ,  1978) . 

the hand, nodding the head, etc). Thus the 
figur e i s a  poin t  i n th e multidimensiona l 
grou p inpu t  spac e describe d b y th e inter -
action s an d shape s o f  th e modules .  Th e 
referenc e point s i n thi s spac e woul d b e th e 
prototypica l  animal s an d prototypica l 
position s identifie d b y th e theor y an d 
technique s o f  Rosc h (1978) .  Recal l  als o tha t 
we claime d tha t  a n Importan t  interactio n 
betwee n th e interna l  an d externa l  group s i s 
tha t  th e invarian t  axe s o f  th e forme r  becom e 
th e componen t  group s (direction s o f  action ) 
of  th e latter .  Thi s i s clearl y evidence d i n 
th e Marr/Nishihar a description :  th e centra l 
axi s o f  a  modul e i.e .  th e invarian t  lin e unde r 
Interna l  rotatio n o f  th e module ,  become s th e 
directio n alon g whic h i t  ca n b e stretched . 
3. Audition 
3.  Autitor y Stream s 

Auditor y input ,  e.g .  a  rapi d sequenc e o f 
tone s i s segregate d perceptuall y int o wha t 
Bregman an d Campbell(1971 )  call ,  'primar y 
auditor y streams' .  Thes e stream s ar e grouping s 
or  frame s an d an y ton e ca n b e allocate d t o 
onl y on e o f  them . 

Our  theor y o f  th e situatio n i s a s follows : 
Bregman (1981 )  himsel f  argue d tha t  a n auditor y 
strea m correspond s t o th e objec t  i n visua l 
perception .  Leyto n (1974 )  describe d th e group -
theoreti c an d logica l  languag e structur e o f 
music .  I n particular ,  h e showe d tha t  musica l 
transpositio n (change )  o f  pitc h i s modele d b y 
a group .  Thi s grou p allow s th e tone s o f  a 
melod y t o b e perceive d a s a  singl e ton e 
(object )  Bein g move d int o differen t  state s 
unde r  a n inpu t  group .  Therefore ,  th e 
segregatio n o f  auditor y stimul i  int o stream s 
is ,  i n ou r  view ,  th e descriptio n o f  th e latte r 
as a  disjoin t  se t  o f  machines . 
3.2 Musical Reference to the tonic. 

I f  my hypothesi s i s correc t  tha t  a 
stimulu s become s identifie d no t  jus t  a s a 
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stat e o f  a n objec t  bu t  a s th e operatio n (i n a n 
inpu t  group )  whic h achieve s tha t  state ,  the n 
ther e mus t  b e a  stimulu s whic h i s labele d a s 
th e identit y elemen t  o f  th e group .  Thi s 
conjectur e i s ampl y evidence d b y music :  th e 
referenc e poin t  i s  calle d th e tonic . 
4. Relative motion 

An exampl e T ? th e following :  When a 
rectangula r  fram e (Fi g 14 )  i s move d relativ e 
t o a n observer ,  an d a  poin t  insid e th e fram e 
i s fixe d relativ e t o th e observer ,  th e poin t 

(1 )  Cognitio n i s th e attemp t  t o mode l  th e 
environmen t  a s a  unio n o f  machines . 

(2 )  A  referenc e fram e a s a  machin e wit h 
initia l  condition s defined . 

(3 )  Referencin g a  stimulu s i s th e proces s o f 
(i )  decidin g o n a n object/stat e spli t 

of  it s  propertie s 
and(ii)identifyin g th e stat e propertie s 

wit h th e inpu t  neede d t o obtai n 
th e stimulu s fro m th e initia l 
condition s o f  th e associate d 
machin e 

The substantiatio n o f  thi s vie w o f  referenc e 
corroborate s als o ou r  proposa l  tha t 
descriptio n i s a  mappin g o f  a n inpu t  grou p 
of  a  machine ,  ont o a  stimulu s set . 

Fi g 1 4 Th e induce d motio n effec t 

is nevertheless perceived to be the moving 
objec t  (e.g .  Rock ,  1975) .  Ou r  theor y 
describe s th e abov e i n thi s way :  th e se t  o f 
possibl e velocitie s clearl y define s th e 
relevan t  stat e spac e (whic h i s two-Jmensional) . 
However ,  th e referenc e judgemen t  enter s whe n 
one identifie s eac h velocit y wit h th e 
transformatio n whic h obtain s i t  fro m th e zer o 
velocity ,  i.e .  i t  i s  perceive d a s a n increas e 
(o r  decrease )  o f  spee d b y a  certai n amount . 
Thi s allow s i t  t o b e reference d bac k t o th e 
'0 '  o r  identit y elemen t  o f  th e inpu t  group . 
The latte r  elemen t  i s the n assigne d t o 
perceptuall y th e mos t  stabl e objec t  i n th e 
field ,  i.e .  th e rectangula r  frame . 
5. Linguistic deixis 

Deixi s (Buhler ,  1934 )  i s a  ter m use d t o 
denot e thos e linguisti c aspect s whic h locat e 
or  poin t  t o th e objec t  o f  speech ;  e.g .  'here ; 
'there' ,  'this' ,  'that' ,  'then' .  Buhle r 
claime d tha t  thes e aspect s creat e a 
coordinat e system ,  centere d o n th e referen t 
(Fi g 15) . ^ > 

Fi g 1 5 Th e deicti c fiel d 

The theory, which I have proposed, 
appear s t o mode l  Buhler' s concept .  Th e 
deicti c fiel d clearl y i s a  dynamica l  vie w 
of  th e spac e centere d a t  th e origin .  "Pu t  th e 
book i n fron t  o f  my chair "  mean s "On e ca n 
fin d th e plac e t o pu t  th e boo k b y inputin g 
a translatio n forwar d fro m my chair' s 
location" .  Thus ,  th e coordinat e syste m (FiglS ) 
i s -  a s I  beliv e al l  coordinat e system s ar e 

labele d b y th e interna l  input s (i.e . 
transformations )  whic h mov e locatio n wit h 
respec t  t o th e origi n an d axes .  When a n 
individua l  give s th e pointin g gesture ,  'there' , 
he i s literall y translatin g th e deicti c 
inpu t  grou p fro m himsel f  t o anothe r  point , 
suc h tha t  th e axe s ar e properl y aligned .  A s 
wit h th e gravitationa l  frame ,  thes e axe s ar e 
representation s o f  th e 1-dimensiona l 
componen t  group s o f  th e interna l  inpu t  group ; 
i.e .  the y giv e discret e label s fo r  movement , 
not  fo r  physica l  packet s o f  stimuli . 
General conclusions. 

The abov e present s a  large-scal e vie w o f 
cognition .  Th e vie w i s corroborate d b y th e 
s&vera l  example s considered .  I n particular , 
th e example s confir m th e followin g principle s 
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