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A TETRAGENIC FRAME FOR MODELLING UNMEDIATED KNOWLEDGE ACQUISITION * 

Egon E. Loebner 
Computet  Reserac h Cente r 

Hewlett-Packat d Laboratorie s 

The questio n 'Ho w doe s knowledrj e qe t 
int o huma n heads? '  ha s bee n ;  jke d man y 
time s before .  I n thi s pape r  th e questio n 
I s narrowe d an d sharpene d tw o times .  Th e 
firs t  time ,  al l  knowledg e mediate d throuq h 
direc t  contac t  wit h othe r  huma n beings ,  a s 
wel l  a s throuq h variou s communicatio n 
technologies ,  i s exluded .  Suc h knowledg e 
has ofte n bee n calle d immediat e knowledge . 
I n orde r  no t  t o prejudg e th e timin g 
aspect s o f  th e acquisitio n process ,  i t  i s 
calle d unmediate d knowledg e instead .  Thi s 
exclude s al l  knowledg e obtaine d throuq h 
educatio n a s wel l  a s mos t  learnin g 
activities .  I t  thu s restrict s knowledg e 
acquisitio n t o processe s throug h whic h 
peopl e discove r  fact s b y themselves , 
inven t  thei r  ow n solution s t o problem s 
and,  withou t  bein g told ,  show n o r 
otherwis e guided ,  figur e ou t  meaning s o f 
facts .  Obviousl y unmediate d knowledg e 
canno t  b e experimente d wit h apar t  fro m 
mediate d knowledg e withou t  Infractio n o f 
ethica l  codes .  Unmediate d knowledg e 
acquisitio n I s synonymou s wit h knowledg e 
generation .  I t  i s  therefor e referre d t o 
as gnomogenesls .  Th e secon d sharpenin g o f 
th e abov e questio n come s fro m restrictin g 
i t  t o gnomogenl c event s whos e product s 
ar e bein g reporte d fo r  th e firs t  time . 
Thi s restrictio n minimize s th e probabilit y 
tha t  th e knowledg e ha d bee n obtaine d b y 
mediation . 
By singling out for study those 
gnomogenl c event s whic h ar e associate d 
wit h recognize d inventors ,  discoverers , 
explorers ,  designers ,  experimenter s an d 
theorizets ,  a  mot e refine d examinatio n o f 
gnomogenesl s become s possible .  Thes e si x 
type s o f  individual s at e responsibl e fo r 
conttibutIon s i n science ,  technology ,  ar t 
and politics .  The y ofte n becom e single d 
out  fo r  specia l  attentio n and ,  o n 
occasion ,  thei r  cognitiv e processe s becom e 
sctutIn i  zed . 
While one cannot sharply distinguish 
th e si x type s o f  individuals ,  the y ca n 
be associate d wit h si x cognitiv e processe s 
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responsibl e fo r  thei r  designations .  Thes e 
processe s ar e inventing ,  discovering , 
exploring ,  designing ,  experimentin g an d 
theorizing .  The y ar e displayed ,  togethe r 
wit h th e fou t  Insttumentalltle s o f 
gnomongenesi s fto m whic h the y ca n b e 
derived ,  i n th e abov e figure . 
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th e belie f  tha t  I t  existe d befor e th e 
discover y event ,  eve n thoug h i t  ha d no t 
been know n prio r  t o th e event .  I t  I s 
importan t  t o not e that.it s  nam e i s closel y 
associate d wit h th e concep t  o f  uncovering . 
Thi s implie s th e remova l  o f  a n obstacl e t o 
observation .  Thi s obstacl e i s situational . 
The situatio n ca n b e conditione d i n th e 
physica l  worl d o r  i n th e belie f  syste m th e 
discovere r  share s wit h hi s contemporaries . 
The discovere r  remove s th e obstacl e t o 
perceptio n an d make s hi s ac t  known .  Hi s 
peer s confir m th e ne w perception s o f  the , 
now mor e easil y accessed ,  objec t  o f 
discovery . 
The act of invention differs from the 
act  o f  discovery .  I t  call s fo r  contrivin g 
and fabricatin g somethin g tha t  ha d it s 
origi n i n someone s imagination .  I t  become s 
realize d onl y afte r  it s  ide a becam e 
establishe d i n th e min d o f  th e inventor . 
When th e ac t  o f  inventio n i s complet e an d 
th e inventio n turn s int o fact ,  th e common 
belie f  tha t  th e inventio n did n t  exis t 
befor e th e ac t  remains .  Whil e discoverin g 
deal s wit h externalities ,  inventin g deal s 
wit h insight .  I t  engage s th e mor e privat e 
aspect s o f  th e inventor' s cognition .  Th e 
ide a fo r  a  wireles s telegrap h I s a  ne w 
composit e wit h Hertz-discovere d radiowave s 
replacin g wir e fo r  th e purpos e o f  signa l 
transmissio n ove r  lon g distances .  Th e ide a 
precede d buildin g o f  th e device .  When 
analyzin g inventiv e cognitio n on e find s 
introspectio n combine d wit h th e ai m o f 
outwar d demonstratio n o f  a  product . 
Analysi s o f  th e cognitiv e proces s o f 
discover y howeve r  indicate s a n outwar d 
lookin g aime d a t  a n inne r  restructurin g 
of  situationa l  understanding .  A  test , 
base d o n psycholinguistics ,  ca n verif y 
tha t  discover y an d Inventio n ar e no t 
interchangeable .  We spea k o f  'discoverin g 
th e truth' ,  bu t  no t  o f  'inventin g truth* . 
We d o sa y tha t  ' a li e ha s bee n invented* . 
A 'discover y o f  a  lie *  coul d howeve r  b e 
interprete d a s a  discover y o f  th e 
existenc e o f  a  lie ,  afte r  I t  ha d bee n 
created .  Thu s w e conside r  inventio n an d 
discover y t o b e opponent s i n a  simila r 
sens e tha t  blu e an d yello w ar e opponent s 
i n th e psychophysica l  spac e o f  color . 
Thi s w e symboliz e b y assignin g the m t o tw o 
non-intersectin g edge s o f  a  polyhedron . 

I t  i s  necessar y t o 
when dealin g wit h so-ca l 
ful l  distinctio n canno t 
draw n betwee n discove r 
Whil e i n som e sens e the y 
anothe r  sens e the y a r 
Her e th e concep t  o f 
introduce d int o quantu m 
fo r  th e purpos e o f  esca p 
th e particle-wav e duali l 
usefu l  guid e fo r  th e 
incompatibles .  We pla n 
matte r  below . 

exercis e cautio n 
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ar e opposite s I n 
e no t  different . 

complementa r  ity , 
physic s b y Boh r 
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ty ,  ca n becom e a 
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t o discus s thi s 

A stron g cas e fo r  conplenentarit y ca n 
be mad e fo r  th e secon d pai r  o f  gnomogeni c 
processes :  Experimentin g an d theorizing . 
That  th e forme r  deal s wit h matter s 
externa l  t o a  cognitiv e system ,  an d th e 
latte r  wit h thos e interna l  t o it ,  nee d no t 

a grou p o f  scientists . 
swing s betwee n passiv e 
activ e manipulatio n o f 
latte r  betwee n interna l 

passiv e looking ,  literall y intuiting ,  an d 
interna l  manipulatio n o f  abstraac t  object s 
need s n o demonstratio n t o practitioner s o f 
th e ar t  o f  doin g science . 

The case for complementarity for the 
thir d pai r  o f  cognition s may b e les s 
obvious .  Explorin g deal s wit h externa l 
observin g o f  object s whos e interna l 
existenc e ha s bee n anticipate d throug h 
interna l  visualization ,  whil e designin g 
deal s wit h interna l  manipulatio n tha t 
anticipate s externa l  manipulatio n o f 
concret e objects . 
Those familiar with lattice theory 
kno w tha t  th e si x edge s o f  a  tetrahedro n 
deriv e fro m formin g logica l  union s betwee n 
al l  o f  it s  fou r  vertices .  Equivalentl y th e 
si x gnomogeni c function s coul d b e derive d 
by formin g union s betwee n fou r  term s tha t 
suitabl y represen t  th e labele d concept s a t 
th e vertice s o f  th e figure* s tetrahedron . 
The produc t  o f  tw o two-value d attribute s 
wil l  d o that .  Th e firs t  attribut e I s MODE 
of  cognition .  It s valu e i s perceiving ,  P , 
or  atcualizinq ,  A .  Th e secon d I s TENDANCE 
of  cognition ,  signifyin g attendanc e o f  th e 
environmen t  o r  th e self ,  wit h value s E  an d 
S respectively .  Th e tetrageni c vertice s o f 
th e tetrahedro n becom e PE ,  AE ,  A S an d P S 
i n tur n fo r  top ,  bottom ,  lef t  an d right . 
The abov e simpl e bu t  powerfu l  axiom s lea d 
directl y an d systemicall y t o a  derivatio n 
of  th e fou r  source s an d si x function s o f 
unmediate d knowledg e acquisition .  Th e hig h 
symmetr y o f  thi s model* s framewor k point s 
t o eas e o f  manipulatio n an d suggest s som e 
relationshi p betwee n theorie s o f  cognitiv e 
scienc e an d thos e o f  particl e physics . 
What kind of technical meaning can we 
assig n t o th e spac e bounde d b y th e edge s 
of  th e tetrahedro n whic h I s depicte d I n 
th e abov e figure ? Havin g labele d th e edge s 
wit h th e si x gnomogeni c functions ,  paire d 
Int o thre e opponent s o r  complements ,  on e 
can recogniz e suc h a  spac e a s belongin g t o 
psychophysic s an d psychonetric s which ,  a s 
Steven s point s out ,  utiliz e th e sam e scal e 
t o measur e aspect s o f  subjectiv e response s 
(sensations ,  perceptions ,  judgments ,  etc. ) 
and peopl e (Inventors ,  discoverers ,  etc.) . 
Such spac e expresse s relation s betwee n th e 
subjectiv e gnomogeni c processe s o r  betwee n 
peopl e assigne d i n accordanc e wit h th e 
dominan t  functio n the y exercis e whe n the y 
generat e ne w knowledge .  Thi s spac e ca n 
als o b e utilize d t o char t  th e sequenc e 
followe d b y a  singl e scientist ,  inventor , 
technologist ,  etc. ,  mappin g progressio n o f 
hi s ideation s afte r  thei r  articulation . 
Such graph s ca n displa y difference s amon g 
suc h individual s an d identif y thei r 
strength s a s wel l  a s weaknesses .  The y mak e 
possibl e recognitio n o f  dominan t  traits , 
suc h a s observationa l  power ,  reasonin g 
power  an d th e like . 

be justifie d t o 
That  th e forme r 
observatio n an d 
external s an d th e 

Model s simila r 
model  hav e bee n 
pre-SocratI c phil o 
formulate d th e fou r 
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earth ,  water ,  ai r  a n 
curren t  theor y o f  o v 
elements ,  calle d a t 
ar e toda y subdivide d 
parts ,  an d s o o n 

t o thi s tetrageni c 
used before .  A 

sopher ,  Empedocles , 
elemen t  mode l  o f  th e 

erabl e matter .  Onl y 
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d fir e replace d b y th e 
et  a  hundre d chemica l 
cms.  However ,  thes e 

Int o mor e primitiv e 
Nevertheles s th e 
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origina l  Idea ,  tha t  matte r  i s t o b e 
though t  o f  a s compose d o f  mor e elementa l 
parts ,  stil l  prevails .  Th e tetraqeni c 
model  o f  gnomogenesi s shoul d b e considere d 
i n a  simila r  light .  I t  account s fo r  th e 
psychophysica l  fac t  tha t  perceptions , 
judgement s an d attitude s ca n b e decompose d 
int o mor e primitiv e elements .  Anothe r 
model  i s Car l  Jung' s attitudina l  mode l  o f 
Individua l  types .  I t  contain s thre e pair s 
of  opponent s tha t  ar e no t  equivalent .  Th e 
extroverted-introverte d pai r  i s  major ,  an d 
th e thinking-feelin g an d sensing-intuitin g 
pair s ar e minor .  Jung' s theor y state s tha t 
one majo r  an d on e mino r  facult y alway s 
dominat e th e personalit y o f  a n individual . 
Thi s lead s t o a n eight-fol d typolog y o f 
individuals .  B y "feelinq "  Car l  Jun g mean t 
th e "facult y o f  weighin g an d evaluatin g 
experience" ,  whic h h e though t  a s rationa l 
as th e intellectua l  "facult y o f  thinking" . 
By "sensing "  h e mean t  th e "facult y o f 
objectiv e presentation "  an d b y "intuiting " 
"a n involuntar y ac t  tha t  lack s judgment" . 
Our  tetrageni c mode l  differ s fro m Jung' s 
and othe r  model s interpretin g intuition . 
Thi s differenc e lead s no t  onl y t o a 
Jiffetin- j  interpretatio n o f  it s 
relationshi p t o th e othe r  gnomoqeni c 
instrumentalitie s o f  cognition ,  bu t  als o 
point s towar d a  nee d t o investigat e 
differen t  experimenta l  phenomen a withi n 
th e psycholog y o f  intuition . 
Let us examine a few authoritative 
description s an d definition s o f  intuition . 
Quinto n distinguishe s betwee n tw o kind s o f 
definition s o f  intuition :  on e ordinar y an d 
th e othe r  technical .  Accordin g t o th e 
ordinar y one ,  intuition s ar e expresse d b y 
makin g rapi d an d accurat e assertion s abou t 
matter s o f  fac t  i n circumstance s wher e 
relianc e o n standar d procedur e i s rule d 
out .  Thi s ordinary ,  nontechnical ,  sens e 
has bee n adopte d b y experimenta l 
psychloglst s suc h a s Heb b an d Westcot t 
when designin q thei r  experiment s t o tes t 
fo r  intuitiv e behavio r  i n huma n subjects . 
Among th e technica l  ones ,  th e mos t 
familia r  definitio n describe s intuitio n a s 
th e powe r  o f  obtainin g knowledg e whic h 
canno t  b e acquire d b y eithe r  inferenc e o r 
observation ,  reaso n o r  experience .  Ther e 
i s littl e questio n tha t  Peirce ,  on e o f  th e 
cleares t  thinker s an d a  grea t  philosophe r 
of  knowledge ,  believe d tha t  th e geneti c 
endowment  o f  man includes ,  beside s anima l 
instinct s an d everyda y "commo n sense" , 
most  Importantly ,  "i n th e cognitiv e domai n 
a sens e o f  th e plausibl e regardin g o f 
th e working s o f  nature" -  A  remarkabl e 
articulatio n o f  th e natur e o f  intuitio n 
comes fro m Eaton ,  a  virtuall y unknow n 
America n philosophe r  o f  knowledge ,  wh o 
wrot e durin g th e 20' s 
Intuitio n give s u s 
knowledge ,  lef t  ove r 
clearl y conceive d o r  sense d i n th e objec t 
(th e Individualit y o f  a  pebbl e picke d u o 
on th e beach )  ha s bee n analyze d away" . 
Eato n wa s critica l  o f  Berqson' s 
anti-lntellectualisti c  philosoph y whic h 
equate d Intuitio n wit h "pur e awatness "  an d 
by settin g I t  o n it s ow n fee t  an d thu s 
severin g "rationa l  though t  fro m th e 
non-conceptua l  mediu m int o whic h an i  fro m 
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saw Bergso n doin g 
ve ac t  i n lookin g 
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n b y Einstein ,  wh o 
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The psychophysica l  tetrageni c model , 
whic h w e propos e fo r  cognition ,  i s  a n 
extensio n o f  Eaton' s theor y o f  knowledge , 
whic h recognize s a s th e thre e inseparabl e 
instrumentalitie s o f  knowledge ;  reason , 
sensatio n an d intuition .  We hav e adde d a 
fourt h instrumentality ,  purposefu l  action , 
and als o hav e rename d slightl y th e othe r 
three .  Wit h hindsight ,  tha t  use s knowledg e 
produce d recentl y b y molecula r  biologist s 
and compute r  scientists ,  w e sugges t  tha t 
intuitiv e insigh t  perceive s fact s abou t 
plausibl e working s o f  natur e indirectl y 
throug h examinatio n o f  th e intulter' s ow n 
physiologica l  structur e whic h ha s bee n 
constructe d fro m geneti c plan s supplie d b y 
preceedin g generations .  Thi s explanatio n 
provide s no t  onl y a  plausibl e hypothesi s 
as t o th e origi n o f  a  prior i  knowledge , 
but  als o t o th e mechanis m b y whic h thi s 
knowledg e i s bein g constantl y enhanced . 
I t  als o suggest s th e possibilit y  o f 
providin g intelligen t  machine s wit h th e 
power  o f  Intuitio n i f  a  wa y ca n b e foun d 
fo r  th e machine s t o gai n informatio n 
throug h inne r  examinatio n o f  thei r  ow n 
structure ,  whethe r  hardwar e o r  software . 
Experienced observation is much more 
tha n pur e sensation .  Th e whol e cognitiv e 
syste m i s attune d t o Integrat e perceptua l 
regularities ,  whic h map th e structur e o f 
th e cognlzer' s environmen t  Int o hi s own , 
as the y ar e transmitte d throug h hi s sense s 
and highe r  leve l  cognitiv e processors .  A s 
pointe d ou t  b y N .  R.  Hanson ,  scientifi c 
observatio n i s inseparabl y loade d wit h 
theory .  I t  shoul d b e kep t  i n min d tha t  th e 
experimente r  swing s betwee n observatio n 
and contrive d circumstanc e jus t  a s th e 
theorlze r  wander s betwee n Insigh t  int o hi s 
subjec t  matte r  an d skillfu l  us e o f  hi s 
reasonin g methodology .  B y experimenter' s 
contrive d circumstanc e I s mean t  a n 
elaborat e experimenta l  set-up ,  loade d wit h 
Instrument s s o tha t  th e captur e o f  th e 
observe d phenomeno n i s obtaine d unde r  wel l 
understood ,  i f  no t  completel y controlle d 
conditions .  Th e quantu m physicis t  ha s 
taugh t  u s tha t  pur e observatio n withou t 
interferenc e fro m th e purposefu l  ac t  o f 
measuremen t  violate s th e principl e o f 
uncertainty .  Thi s mean s that ,  i n general , 
psychophysica l  phenomen a shoul d b e mappe d 
onl y i n th e interio r  o f  th e tetrahedron . 
That  i s a  consequenc e o f  Eaton' s concep t 
of  fusio n o f  al l  th e Instrumentalitie s 
Jutin g th e cognitiv e act .  A  simila r 
explanatio n hold s fo r  th e natur e o f 
theorizing .  Swingin g betwee n intellectua l 
reasonin g an d Intuitio n i s a  tene t  o f 
Bergson' s theor y o f  knowledg e a s wel l 
Our model describes a special theory 305 



of  cognitio n whic h may eventuall y provid e 
additiona l  lead s towar d a  mor e genera l 
understandin g o f  cognitiv e functions .  It s 
interdisciplinar y approac h draw s o n 
specia l  knowledg e i n physics , 
psychophysics ,  psychology ,  biology ,  logic , 
compute r  scienc e an d philosophy .  Th e 
provisiona l  result s poin t  towar d th e 
possibilit y  o f  generalizin g physic' s 
indeterminac y principl e t o si x principle s 
of  indeterminac y fo r  eac h o f  th e cognitiv e 
function s forme d fro m th e fou r  gnomogeni c 
sources . 
For psychology the tetragenic model 
point s towar d a  bette r  formalizatio n o f 
metapsychologica l  approache s t o cognition , 
wher e psychologist s stud y th e working s o f 
psychologist s a s wel l  a s othe r  scientists . 
We believ e tha t  phrase s containin g term s 
lik e "obvious" ,  "self-evident "  an d "must " 
ar e direc t  pointer s t o intuitiv e Insight s 
of  theorizer s an d inventors ,  whe n the y us e 
the m durin g report s an d description s o f 
thei r  accomplishments .  We thin k tha t 
insufficien t  attentio n i s currentl y give n 
t o intuitio n b y cognitiv e science .  Usin g 
up-to-dat e tools ,  studie s coul d follo w 
directions  indicate d alread y b y Hovland' s 
"inventio n o f  entirel y ne w concepts "  an d 
by Wertheimer' s "productiv e thinking" . 

For the field of machine intelligence 
intuitio n point s towar d th e desig n o f 
machine s whic h hav e powe r  t o glee n 
knowledg e abou t  th e intention s o f  thei r 
designer s b y intuiton ,  tha t  i s  examinatio n 
of  thei r  ow n hardwar e an d softwar e 
structure s an d fusin g tha t  knowledg e wit h 
th e knowledg e obtaine d fro m th e othe r 
thre e instrumentalities ,  whic h ar e alread y 
par t  o f  th e state-of-the-ar t  o f  computers . 
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