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A b s t r a c t M o t i v a t i o n 

An experimen t  wit h a  thre e factoria l  desig n i s 

describe d whic h test s th e impac t  o f  1 )  th e de -

gre e o f  th e mappin g isomorphism ,  2 )  th e dif -

ference s i n th e type s o f  reasonin g (deduction , 

induction ,  an d analogy) ,  an d 3 )  th e Icin d o f 

entitie s change d (objects ,  attributes ,  an d rela -

tions )  o n th e certaint y o f  th e inference s made . 

Al l  th e thre e factor s hav e bee n foun d t o hav e 

significan t  mai n effect s an d a  significan t  inter -

action s betwee n th e first  facto r  an d al l  th e res t 

hav e als o bee n found .  Differen t  particula r  re -

sult s ar e discussed .  Fo r  example ,  th e certaint y 

i n th e deductiv e inference s i s no t  significantl y 

differen t  fro m th e on e i n inductio n an d anal -

ogy whe n ther e i s n o one-to-on e mappin g be -

twee n th e descriptions .  Moreover ,  deduction , 

inductio n an d analog y hav e simila r  behavio r 

i n relatio n t o tha t  factor .  Thi s i s considere d 

as a  possibl e suppor t  o f  th e existenc e o f  a  uni -

for m computationa l  mechanis m fo r  evaluatio n 

of  inference s i n al l  th e thre e kind s o f  reason -

ing ,  a  mechanis m whic h i s primaril y base d o n 

th e degre e o f  isomorphism . 

*Thi s researc h ha s bee n partiall y  supporte d b y th e 
Bulgaria n Nationa l  Scienc e Fun d unde r  Contrac t  N o 
110/9 1 a s wel l  a s b y th e Bulgaria n Academ y o f  Sci -
ences (BAS )  unde r  projec t  N o 1001002 . 

Ther e i s a  lon g traditio n i n studyin g huma n 

reasoning .  Unfortunately ,  thi s traditio n sep -

arate s differen t  type s o f  reasonin g lik e deduc -

tion ,  inductio n (generalization) ,  analog y an d 

typicall y researcher s tr y t o develo p separat e 

model s o f  differen t  type s o f  reasoning .  Th e 

reaso n fo r  thi s separatio n i s th e claime d differ -

ence s i n thei r  properties .  I t  seem s t o m e ,  how -

ever ,  tha t  th e commonalitie s i n thei r  proper -

tie s ar e underestimate d an d no t  wel l  known . 

Thi s pape r  trie s t o explor e som e o f  thes e com -

monalities . 

A hypothesi s ha s bee n mad e tha t  ther e 

coul d exis t  a  unifor m computationa l  mecha -

nis m whic h underlie s al l  thre e kind s o f  rea -

sonin g (Kokinov ,  1988) .  A  specifi c  model , 

calle d Associativ e Memory-Base d Reasonin g 

( A M B R ) ,  ha s bee n proposed .  Thi s mode l  in -

clude s a  numbe r  o f  interactin g an d paralle l 

runnin g subprocesse s lik e retrieval ,  mapping , 

transfer ,  evaluatio n an d learning .  Th e exper -

imenta l  verificatio n o f  thi s hypothesi s follow s 

tw o differen t  an d complementar y directions : 

simulatio n experiment s (Kokino v &  Nikolov , 

1989 ,  Kokinov ,  1992 )  an d psychologica l  ex -

periments .  A s fa r  a s th e psychologica l  aspect -

s ar e concerne d Kokino v (1990 )  ha s demon -
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strate d som e c o m m o n propertie s o f  th e re -

trieva l  processe s wherea s thi s pape r  trie s t o 

explor e th e similaritie s i n th e evaluatio n pro -

cess . 

One widesprea d opinio n i s tha t  deductiv e 

reasonin g produce s absolutel y certai n results , 

whil e generalizatio n an d analog y produc e a t 

bes t  onl y plausibl e hypotheses .  Thi s clai m i s 

roote d i n forma l  logic ,  passe s throug h math -

ematic s an d i s widel y impose d o n th e whol e 

educatio n system . 

Th e presen t  wor k trie s t o thro w ligh t  o n th e 

followin g issue s abou t  th e evaluatio n process : 

1. Are people indeed absolutely certain in 

deductiv e inference s i n reaJ-worl d situa -

tions ? D o the y conside r  generalizatio n 

and analog y a s unreliabl e source s o f  ne w 

facts ? Ar e ther e an y c o m m o n phenomen a 

i n th e evaluatio n processe s o f  deduction , 

generalizatio n an d analogy ? 

2. Is human certainty predefined and based 

solel y o n th e typ e o f  reasonin g o r  doe s i t 

depen d o n othe r  factors ,  e.g .  th e qual -

it y o f  th e establishe d mapping ? I s thi s 

restricte d t o analog y o r  i s i t  a  c o m m o n 

propert y o f  al l  thre e kind s o f  reasonin g 

as A M B R predicts ? 

3. Are objects, properties and relations pro-

cesse d differentl y b y th e evaluatio n pro -

cess ? 

E x p e r i m e n t 

Certainty is the reasoner's estimation of the 

plausibilit y  o f  a n inference .  Ther e ar e a t  leas t 

tw o source s o f  evaluatio n i n A M B R (Kokinov , 

1992) :  1 )  th e reasoner' s estimatio n o f  th e es -

tablishe d mappin g betwee n a  know n situatio n 

(th e bas e o r  premises )  an d th e targe t  on e an d 

2 )  his/he r  domai n knowledge .  Th e goodnes s 

of  mappin g depend s o n th e degre e o f  isomor -

phis m reached ,  includin g th e numbe r  o f  corre -

spondenc e pair s found ,  an d o n th e activatio n 

leve l  o f  th e so-calle d correspondenc e node s re -

flectin g th e context . 

I n th e presen t  experimen t  th e relatio n be -

twee n th e degre e o f  isomorphis m an d huma n 

certaint y i s explored .  Tha t  i s wh y th e eval -

uatio n proces s shoul d b e isolated .  Thi s i s 

achieve d b y directl y presentin g t o th e subject s 

what  the y shoul d kno w (thu s ignorin g th e re -

trieva l  process )  togethe r  wit h it s grap h repre -

sentatio n (thu s helpin g the m t o establis h th e 

mapping) .  Moreover ,  th e domai n knowledg e 

as wel l  a s th e contex t  effects ,  bein g source s 

of  evaluation ,  shoul d b e blocked .  Thi s condi -

tio n i s fulfille d b y presentin g problem s fro m a 

domai n completel y unfamilia r  t o th e subjects . 

I n additio n t o th e effec t  o f  th e degre e o f  iso -

morphis m (wher e w e m a y hav e th e followin g 

cases :  one-to-on e mapping ,  overspecifie d ne w 

situation ,  o r  underspecifie d ne w situation )  o n 

th e subjects '  certaint y abou t  th e inference s 

made,  a n attemp t  i s mad e t o examin e th e ef -

fect s o n th e evaluatio n proces s o f  tw o othe r 

factors :  th e typ e o f  reasonin g (deductive ,  in -

ductive ,  o r  analogica l  one )  an d th e typ e o f  el -

ement s change d fro m on e situatio n t o anothe r 

(objects ,  attributes ,  o r  relations) . 

Thu s th e problem s var y i n term s o f  th e re -

lationship s betwee n th e know n an d th e ne w 

situation s i n thre e ways : 

1. in terms of the degree of isomorphism be-

twee n th e descriptions :  ther e i s a  one -

to-on e correspondenc e betwee n th e situ -

ation s (0) ,  i n th e descriptio n o f  th e ne w 

situatio n ther e i s somethin g additiona l 

whic h i s unspecifie d i n th e know n situ -

atio n an d thu s remain s unpaire d (-{-) ,  i n 

th e descriptio n o f  th e ne w situatio n ther e 

i s somethin g unspecifie d an d thu s some -

thin g i n th e know n situatio n remain s un -

paire d (-) . 

2. in terms of the inference type, i.e. the 

relatio n typ e betwee n th e tw o situation -

s:  th e ne w situatio n i s a  particula r  cas e 

of  th e know n on e (deductio n -  D ) ,  th e 

know n situatio n i s a  particula r  cas e o f  th e 

ne w on e (generalizatio n -  G ) ,  an d ther e i s 

no pre-specifie d relatio n betwee n th e sit -

uation s (analog y -  A ) . 
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3.  i n term s o f  th e typ e o f  element s change d 

i n th e secon d descriptio n wit h respec t  t o 

th e firs t  one :  object s (o) ,  attribute s (a ) 

and relation s (r) ; 

Method 

Subjects .  Subject s hav e bee n 29 7 volun -

teer s — universit y student s an d researcher s 

fro m differen t  academi c disciplines :  physics , 

chemistry ,  biology ,  geography ,  medicine ,  law , 

philology .  (Mathematician s hav e bee n delib -

eratel y exclude d becaus e a  preliminar y pilo t 

stud y ha s demonstrate d tha t  the y approac h 

th e problem s formall y an d judg e alway s d -

eductio n a s a n absolutel y certai n inferenc e 

techniqu e an d generalizatio n an d analog y a s 

absolutel y uncertai n ones. ) 

Procedure. Subjects have been tested in-

dividuall y o r  i n smal l  group s o f  5-1 0 people . 

They hav e receive d a  lis t  o f  9  targe t  problem s 

precede d b y th e followin g writte n instruction : 

"The present experiment is not a 

tes t  o f  you r  capabilities .  I t  i s  use d t o 

explor e som e hypothese s abou t  th e 

mechanism s o f  huma n thinking .  Tr y 

t o answe r  th e question s althoug h y -

ou ar e unfamilia r  wit h th e particula r 

proble m domain . 

Imagin e tha t  yo u ar e a  researche r 

i n th e field  o f  encelorvbe s an d yo u 

kno w tha t  al l  o f  the m consis t  o f  man -

govin e an d giwfine ,  mangovin e be -

in g ritali c  an d girofin e bein g tanal -

ic ,  an d als o tha t  mangovin e acei -

fies  girofine .  Yo u als o kno w tha t 

encelorobe s ar e corablic . 

mangovin e — ritali c 

I  aceifie s 

girofin e — tanali c 

corabli c 

Durin g you r  scientifi c  researc h y -

ou encounte r  th e situation s liste d be -

low. " 

For each of them the subjects' certainty in 

th e inference s mad e ha s bee n measure d o n a 

7 poin t  scale .  Subject s ha d a s muc h tim e a s 

the y needed . 

Material. Each test problem consists of a sit-

uatio n descriptio n an d a  question .  Th e ques -

tio n i s abou t  th e subject' s certaint y o f  th e pos -

sibl e transfe r  o f  knowledg e (inference )  fro m 

th e know n situatio n describe d i n th e instruc -

tio n t o th e ne w one .  Situation s hav e bee n con -

structe d withi n a n artificia l  nonexistin g prob -

le m domai n i n orde r  t o avoi d subjects '  pre -

liminar y knowledg e abou t  th e trut h o f  th e in -

ference s an d t o measur e th e certaint y o f  th e 

inference s a s a  resul t  o f  "pure "  reasoning .  Th e 

concept s use d i n th e situatio n description s ar e 

fak e bu t  soun d scientifi c  (a t  leas t  i n Bulgari -

an )  — somethin g lik e biochemistr y — s o tha t 

th e subject s ar e no t  awar e o f  th e artificialit y 

of  th e situations ,  i.e .  the y thin k tha t  correc t 

answer s t o th e question s exist . 

Becaus e ther e i s a  lo t  o f  unfamilia r  termi -

nolog y i n th e tes t  problems ,  i n additio n t o th e 

textua l  descriptio n o f  th e situation s a  simpl e 

grap h representatio n i s presented . 

Severa l  example s o f  tes t  problem s (descrip -

tion s o f  targe t  situation s an d questions )  ar e 

presente d belo w i n thei r  Englis h translation . 

1. You discover a new representative of the 

clas s o f  th e encelorobe s whic h consist s o f 

didorin e an d caronine .  I n it ,  didorin e 

i s ritalic ,  caronin e i s tanali c an d th e di -

dorin e aceifie s th e caronine .  I t  i s  know n 

tha t  didorin e an d caronin e ar e kind s o f 

mangovin e an d girofin e respectively .  Ar e 

th e encelorobe s o f  thi s typ e als o corablic ? 

(Th e combinatio n o f  facto r  level s i n thi s 

exampl e i s [objects ,  deduction ,  0]) . 

didorine — ritalic 

I  aceifie s 

caronin e — tanali c 

2. Exploring the stericorobes, you find out 

tha t  the y consis t  o f  mangovin e an d 

girofine ,  th e mangovin e bein g ritalic ,  th e 

girofin e bein g tanalic ,  th e mangovin e 

privilate s th e girofin e an d th e girofin e 
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girovate s th e mangovine .  Ar e th e steri -

corobe s corabli c a s well ? (Th e combina -

tio n o f  facto r  level s i n thi s exampl e i s [re -

lations ,  analogy ,  -I-]) . 

mangovine — ritalic 

privilate s | |  girovate s 

girofin e — tanali c 

3. It is known that the encelorobes are rep-

resentative s o f  th e clas s o f  th e robes . 

Robes consis t  o f  mangovin e an d girofin e 

an d th e mangovin e aceifie s th e girohne . 

Ar e th e robe s corabli c a s well ? (Th e com -

binatio n o f  facto r  level s i n thi s exampl e 

i s [attributes ,  generalization ,  -]) . 

mangovine 

I  aceifie s 

girofin e 

th e targe t  situation s i s overspecified ,  an d 4.8 7 

when th e targe t  situatio n i s underspecified . 

Mean plausibilit y  rating s var y als o a £ a 

functio n o f  th e inferenc e type ,  F{2,2649 )  = 

35.18, p <  .001 .  Mea n plausibilit y  i s 5.3 1 i n 

deduction ,  5.0 3 i n generalization ,  an d 4.6 2 i n 

analogy . 

Mean plausibilit y  rating s var y als o a £ a 

functio n o f  th e elemen t  changed ,  F(2,2649 )  = 

8.69 ,  p  <  .001 .  Mea n plausibilit y  i s  4.8 2 whe n 

an objec t  i s  changed ,  5.1 6 whe n a n attribut e 

changed ,  an d 4.9 8 whe n a  relatio n changed . 

Ther e ar e als o significan t  interaction s be -

twee n Isomorphis m an d Element , 

F(4,2649 )  =  27.66 ,  p  <  .00 1 (Figur e la) , 

betwee n Isomorphis m an d Inferenc e Type , 

F{4,2649 )  =  2.75 ,  p  <  .0 5 (Figur e lb) ,  a s wel l 

as betwee n al l  th e thre e factors ,  F(8,2649 )  = 

4.19 ,  p < .001 . 

Design .  Th e experimenta l  desig n i s a  3  x  3  x  3 

factoria l  one ,  wit h factor s Element s (objects , 

relations ,  attributes) ,  Inferenc e Typ e (deduc -

tion ,  generalization ,  analogy )  an d Isomorphis -

m (0,-1-,-) .  Th e dependen t  variabl e i s th e sub -

jects '  certaint y i n th e possibl e inferenc e mea -

sure d o n a  7  poin t  scale . 

Si x differen t  sample s o f  9  problem s ou t  o f 

th e ful l  se t  o f  2 7 problem s hav e bee n pre -

pare d t o randomiz e th e possibl e orde r  effects . 

Each sampl e include d problem s correspond -

in g t o eac h o f  th e level s o f  Inferenc e Typ e an d 

Isomorphis m an d t o som e o f  th e level s o f  El -

ements .  Subject s wer e randoml y assigne d t o 

one o f  thes e 6  versions .  A s a  resul t  eac h prob -

le m ha s bee n presente d t o abou t  10 0 people . 

Results 

As a  resul t  o f  th e experimen t  267 6 observa -

tion s hav e bee n obtained .  A  3  X  3  X  3  ANO-

VA ha s bee n conducte d i n orde r  t o explor e th e 

results .  I n short ,  th e mai n effect s o f  al l  thre e 

factor s ar e significant . 

Mean plausibilit y  rating s var y a s a  functio n 

of  th e degre e o f  isomorphism ,  F(2,2649 )  = 

36.50 ,  p  <  .001 .  Mea n plausibilit y  i s  5.3 8 

i n one-to-on e mappin g situations ,  4.7 2 whe n 

D i s c u s s i o n 

A number of conclusions about main effects, 

interaction s an d simpl e effect s ca n b e draw n 

fro m th e analysis . 

1)  I n contras t  wit h AMBR' s prediction s In -

ferenc e Typ e doe s hav e a  significan t  effec t  o n 

th e certaint y evaluation .  I t  remains ,  howev -

er ,  t o b e explore d wha t  ar e th e exac t  cause s 

of  thi s phenomenon :  whethe r  thi s i s  du e t o 

difference s i n th e built -  i n mechanism s per -

formin g th e separat e type s o f  reasoning ,  t o 

everyda y experienc e i n commonsens e reason -

ing ,  o r  t o reasonin g pattern s implante d b y th e 

educatio n system. ^ 

Let  u s conside r  th e interactio n betwee n In -

ferenc e Typ e an d Isomorphis m (Figur e lb) . 

Althoug h deductio n differ s significantl y fro m 

analog y an d generalizatio n an d dominate s 

the m i n th e cas e o f  a  one-to-on e mappin g (0) , 

'o r  poaribl y t o th e materia l  deaig n (e.g .  th e bas e 
and targe t  hav e mor e explicitl y  paire d element s i n th e 
case s o f  deductio n an d generalizatio n tha n i n th e cas e 
of  analogy ,  s o agai n th e leve l  o f  Lsomorphis m ca n b e 
th e caus e o f  th e decreasin g subjects '  certaint y i n ana -
logica l  inference) . 
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6 
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attribute s 

relation s 5 
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(a) 

Isomorphis m 0 +  -  Isomorphis m 

(b) 

Figur e 1 :  Interaction s between :  (a )  Isomorphis m an d Elements ;  (b )  Isomorphis m an d Inferenc e 

Type 

i n th e othe r  tw o case s (whic h ar e mor e typi -

cal  real-worl d situations )  an d especiall y i n th e 

cas e o f  underspecificatio n o f  th e ne w situatio n 

(- )  th e result s ar e generall y indistinguishabl e 

fro m on e anothe r  an d eve n sometime s analog y 

or  generalizatio n dominat e deduction . 

I n orde r  t o explor e th e cause s o f  thi s inter -

action ,  le t  u s conside r  th e simpl e effec t  o f  de -

creasin g th e certaint y leve l  o f  deductiv e infer -

ence i n th e non-isomorphi c situations .  Not e 

tha t  fro m th e poin t  o f  vie w o f  forma l  logic ,  i f  i t 

i s  know n tha t  a n objec t  belong s t o a  class ,  n o 

more informatio n i s neede d i n orde r  t o dra w a 

deductiv e conclusio n wit h absolutel y certain -

ty .  A s th e experimen t  demonstrates ,  however , 

thi s i s simpl y no t  tru e wit h huma n reason -

ing .  Moreover ,  i t  i s  clea r  tha t  eac h represen -

tativ e o f  a  clas s ha s a  numbe r  o f  element s (at -

tributes ,  relations ,  components )  tha t  ar e spe -

cifi c  fo r  it ,  s o ther e ar e n o logica l  reason s fo r 

questionin g th e deductiv e inferenc e solel y o n 

th e groun d tha t  th e situatio n i s overspecifie d 

(+) .  Accordin g t o commo n sense ,  th e certain -

t y shoul d b e a t  leas t  th e sam e a s i n th e iso -

morphi c case.' ^  However ,  a s Figur e l b shows , 

ther e i s a  significan t  decreas e i n th e subjects ' 

certaint y i n thi s situation . 

'Compar e wit h th e "miitor "  case ,  i.e .  generaliza -
tio n i n th e underspeciiie d situatio n (-) ,  wher e th e sub -
jects '  certaint y increases . 

Th e hig h certaint y o f  deductio n m a y b e 

an effec t  o f  education .  Th e example s tha t 

ar e mos t  instructiv e i n thi s respec t  ar e giv -

en b y mathematics ,  an d ther e onl y pur e i -

somorphi c situation s ar e presented .  W h e n , 

however ,  subject s ar e involve d i n a  comple x 

reasonin g proces s i n realisti c non-isomorphi c 

situations ,  th e reasonin g patter n impose d b y 

educatio n m a y no t  b e triggere d an d onl y th e 

built-i n mechanism s o f  evaluatio n base d o n i -

somorphis m ar e activated . 

So on e possibl e explanatio n o f  th e interac -

tio n i s tha t  th e significan t  difference s betwee n 

deduction ,  generalization ,  an d analog y i n th e 

"0 "  cas e ar e impose d b y th e learne d reasonin g 

patterns ,  whic h d o no t  functio n i n th e non -

isomorphi c cases . 

Finally ,  deduction ,  generalizatio n an d anal -

ogy hav e simila r  behavio r  i n relatio n t o Iso -

morphis m (Figur e lb) .  Moreover ,  thi s i s tru e 

fo r  eac h o f  th e Element s levels :  i n th e cas e 

of  a n objec t  change ,  th e wors t  cas e fo r  ai l  in -

ferenc e type s i s a n unspecifie d objec t  i n th e 

ne w situation ,  wherea s i n th e cas e o f  a n at -

tribut e o r  relatio n chang e th e wors t  cas e i s 

th e presenc e o f  additiona l  attribute s o r  rela -

tions .  I n general ,  suc h similarit y i n behavio r 

i s  considere d t o indicat e th e existenc e o f  a  uni -

for m computationa l  mechanis m fo r  evaluatio n 

of  inference s i n al l  th e thre e kind s o f  reason -
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ing . 

2) The main effect of Element is due mainly 

t o th e "- "  an d "analogy "  cases .  Th e interac -

tio n betwee n Elemen t  an d Isomorphis m i s als o 

due mainl y t o th e "- "  case .  Th e lo w certaint y 

measure d i n th e "object "  cas e i s probabl y a n 

artifac t  du e t o th e materia l  design ,  becaus e 

i n th e cas e o f  unspecifie d object s al l  thei r  at -

tribute s a s wel l  a s th e relation s i n whic h the y 

participat e ca n no t  b e specifie d either ,  an d s o 

i n thi s cas e th e leve l  o f  isomorphis m i s addi -

tionall y decreased . 

I t  i s  interestin g t o compar e th e particula r 

result s i n th e analogica l  cas e obtaine d i n thi s 

experimen t  wit h thos e o f  th e experiment s o f 

Centne r  demonstratin g th e superiorit y o f  re -

lation s ove r  attribute s i n th e mappin g an d e -

valuatio n proces s i n analog y (Centner ,  1983 , 

1989 ,  Coldston e e t  al. ,  1991) .  I n th e cas e o f  a 

one-to-on e mappin g a s wel l  a s i n th e cas e o f 

overspecificatio n n o suc h priorit y i s demon -

strate d i n th e presen t  experiment .  I n th e cas e 

of  underspeciUcation ,  however ,  relation s d o 

hav e a  significan t  priority . 

3)  Finally ,  Isomorphis m ha s th e greates t  mai n 

effec t  an d i n correspondenc e wit h AMBR' s 

predictions ,  th e one-to-on e mappin g give s 

more certaint y tha n many-to-on e o r  one-to -

many mappings .  Moreover ,  Isomorphis m in -

fluences  bot h othe r  factor s whic h shoul d b e 

relate d t o th e functionin g o f  a  mechanis m a t 

th e ver y basi c level .  Thi s support s th e AM -

BR' s hypothesi s tha t  th e primar y mechanis m 

fo r  evaluatin g inference s i s base d o n th e good -

ness o f  mappin g evaluation . 

The result s fro m thi s comple x experimen t  ar e 

ver y ric h an d controversial ,  s o I  d o no t  consid -

er  the m a s conclusiv e bu t  rathe r  a s a  startin g 

poin t  fo r  furthe r  experimentation . 
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