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A S S O C I A T I V E M E M O R Y — B A S ED R E A S O N I N G : 
S O ME E X P E R I M E N T A L R E S U L T S 

Boich o Nikolo v Kokino v 

Institut e o f  Mathematic s 
Bulgaria n Academ y o f  Science s 
B1.8 ,  Acad .  G.  Bonche v Stree t 

Sofi a 1113 ,  Bulgari a 

ABSTRACT 

Deduction ,  inductio n an d analog y ar e considere d a s slightl y differen t 
manifestation s o f  on e an d th e sam e reasonin g process .  A  mode l  o f  thi s reasonin g 
proces s calle d associativ e memory-base d reasonin g i s proposed .  A  compute r 
simulatio n demonstrate s tha t  deduction ,  inductio n an d analog y i n proble m solvin g 
coul d b e performe d b y a  singl e mechanis m whic h combine s th e neura l  networ k 
approac h wit h symbo l  leve l  processing .  Psychologica l  experiment s o n primin g 
effect s i n proble m solvin g task s hav e bee n carrie d ou t  i n orde r  t o tes t  th e 
hypothesi s abou t  th e uniformit y o f  huma n reasoning .  I n particular  i t  ha s bee n 
shown tha t  ther e ar e primin g effect s i n al l  thre e case s (deduction ,  inductio n 
and analogy )  an d thes e primin g effect s decreas e i n th e cours e o f  tim e whic h 
correspond s t o th e model' s prediction s base d o n th e retrieva l  mechanism .  Th e 
compute r  simulatio n demonstrate s th e sam e typ e o f  primin g effect s a s observe d i n 
th e psychologica l  experiments . 

1.  INTRODUCTION. 

The tradition of exploring deduction, induction and analogy in AI is to 
stud y the m separatel y an d t o propos e differen t  model s fo r  them .  Contrar y t o tha t 
we believ e tha t  ther e i s a  unifor m underlyin g reasonin g proces s o f  whic h 
deduction ,  inductio n an d analog y ar e onl y slightl y differen t  manifestations .  A 
model  o f  thi s proces s i n th e contex t  o f  proble m solvin g ha s bee n propose d i n 
[11] .  Thi s mode l  ha s bee n calle d associativ e memory-base d reasonin g (AMBR) . 

The associativ e memory-base d reasonin g mode l  wil l  b e reviewe d i n sectio n 2 . 
The retrieva l  ste p wil l  b e discusse d i n mor e detail . 

Psychologica l  experiment s hav e bee n carrie d ou t  i n orde r  t o explor e th e 
common feature s o f  deduction ,  inductio n an d analog y an d thu s t o tes t  th e 
hypothesi s abou t  th e uniformit y o f  huma n reasoning .  Th e experiment s als o tes t 
th e model' s prediction s abou t  th e result s o f  th e retrieva l  step .  Th e experiment s 
wil l  b e describe d i n sectio n 3 . 

A compute r  implementatio n o f  associativ e memory-base d reasonin g ha s bee n 
developed .  Th e result s fro m th e compute r  simulatio n ar e discusse d i n sectio n 4 . 

2. ASSOCIATIVE MEMORY-BASED REASONING: An Overview 

AMBR was proposed in [11]. It is composed of a set of processes running 
sequentiall y  o r  i n parallel :  retrieving ,  mapping ,  transferring ,  evaluatio n an d 
updatin g processes .  Dependin g o n th e result s o f  th e retrieva l  proces s an d th e 
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correspondenc e betwee n th e description s establishe d durin g th e mappin g process , 
we ca n vie w th e reasonin g proces s a s deduction ,  inductio n o r  analogy .  Burstei n 
and Collin s [3 ]  similarl y conclude ,  afte r  analyzin g a  larg e se t  o f  protocols , 
tha t  "th e kin d o f  knowledg e retrieve d fro m memor y drive s th e particular  lin e o f 
inferenc e produced." . 

AMBR i s base d o n a  hybri d architectur e pu t  fort h i n [10,12] .  Thi s 
architectur e o f  cognitio n combine s a  frame-lik e representatio n schem e wit h a 
spreadin g activatio n mechanis m (calle d i n ou r  mode l  associativ e mechanism ) 
implemente d a s a  neura l  network .  I n thi s wa y w e exploi t  th e advantage s o f 
theorie s bot h a t  th e symbo l  an d subsymbo l  levels .  I n contras t  wit h Anderson' s 
ACT*  mode l  [1 ]  w e d o no t  separat e declarativ e fro m procedura l  knowledg e and , 
sinc e a  frame-lik e representatio n schem e i s used ,  th e domai n o f  applicatio n o f 
spreadin g activatio n i s extende d ove r  procedura l  knowledg e a s well .  Bot h type s 
of  spreadin g activation ,  automati c an d directed ,  exis t  i n AMBR versu s automati c 
onl y i n ACT* .  Finally ,  reasonin g i n ACT *  i s rule-base d wherea s rule s an d othe r 
genera l  knowledg e a s wel l  a s particula r  cas e description s ar e use d i n AMBR. 

Unlik e case-base d reasonin g [4,5,14 ]  (wit h a  sequentia l  retrieva l  proces s 
relyin g o n a  stati c indexin g mechanism) ,  i n AMBR w e hav e a  paralle l  an d 
continuou s retrieva l  proces s dependin g bot h o n th e stati c link s an d th e curren t 
memory state .  Beside s previou s cases ,  AMBR use s genera l  knowledg e abou t  a  clas s 
of  problem s an d genera l  algorithm s a s well . 

AMBR differ s fro m memory-base d reasonin g (Stanfil l  an d Waltz ,  [17] )  i n tha t 
i t  relie s o n th e availabilit y  o f  genera l  knowledg e an d domai n model s i n memory . 
I t  use s a  sophisticate d frame-lik e representatio n an d a  comple x mappin g process . 

2.1. NeBory Organization 

Our memory model includes long term memory (LTM), working memory (WM) and 
focu s (o f  attention )  ,  wher e WM i s th e activ e par t  o f  LTM,  an d th e focu s i s th e 
most  activ e elemen t  o f  WM.  LT M i s considere d a s a  networ k o f  node s an d weighte d 
links .  Th e node s correspon d t o frame-lik e description s o f  objects ,  concepts , 
event s o r  plans .  Th e link s correspon d t o semanti c relation s a s wel l  a s t o 
arbitrar y associations .  Th e node s hav e variabl e level s o f  activation .  Al l  node s 
whose leve l  o f  activatio n i s abov e thei r  threshol d tj ^  for m WM.  Th e focu s i s th e 
onl y nod e whic h ca n b e consciousl y processed .  A  mor e detaile d descriptio n o f  th e 
representatio n schem e an d memor y organizatio n ca n b e foun d i n [12] . 

2.2. Associative Mechanisa 

The associative mechanism runs in parallel with all other processes and in 
thi s wa y influenc e thei r  work .  I t  change s th e activit y o f  th e node s whic h i s 
critica l  fo r  al l  processe s workin g o n thes e nodes .  Th e associativ e mechanis m 
play s th e rol e o f  a  retrieva l  mechanis m a s well .  I t  ca n b e considere d a s a  for m 
of  spreadin g activatio n [1,2] .  It s detaile d descriptio n i n th e term s o f  PDP 
model s [16 ]  ca n b e foun d i n [13] .  Ther e ar e tw o slightl y differen t  version s o f 
th e associativ e mechanism :  directe d an d automatic . 

Directe d spreadin g activatio n i s performe d whe n som e informatio n ha s t o b e 
obtaine d fro m a  nod e referre d t o b y th e focus .  Thi s i s don e b y directin g th e 
activatio n vi a th e correspondin g semanti c link .  I t  usuall y ha s th e maximu m 
strengt h o f  1  an d therefor e th e nod e pointe d t o b y th e lin k wil l  receiv e th e 
same activatio n a s th e focu s an d thu s becom e th e ne w focus . 

Automati c spreadin g activatio n i s performe d continuousl y an d i n paralle l 
wit h al l  othe r  processe s i n memory -  Eac h nod e i n workin g memor y passe s ove r  it s 
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activit y t o al l  o f  it s  neighbours  proportionall y t o th e strengt h o f  th e 
correspondin g link . 

2.3. Reasoning in Problem Solving 

AMBR is started when a problem description is in the focus. The retrieval 
proces s end s wit h a  ne w memor y state ,  i.e .  a  ne w collectio n o f  node s i n WM an d a 
new focus .  The n a  mappin g proces s betwee n th e ol d (0 )  an d th e ne w (N )  focu s i s 
started .  Th e mappin g aim s t o establis h a  correspondenc e betwee n th e slot s o f  th e 
proble m descriptio n (0 )  an d th e retrieve d on e (N) .  Th e resul t  fro m th e mappin g 
betwee n 0  an d N  heavil y depend s o n th e activit y o f  th e othe r  node s i n WM.  Th e 
establishe d mappin g i s extende d b y th e transferrin g proces s an d teste d b y th e 
evaluatio n process ,  i.e .  som e knowledg e fro m 0  i s transferre d an d eventuall y 
applie d i n th e ne w situatio n N . 

Now w e shal l  concentrat e onl y o n th e retrieva l  ste p whic h i s performe d b y 
means o f  th e associativ e mechanis m describe d above .  Th e result s o f  th e retrieva l 
ste p wil l  depen d o n th e inpu t  (proble m descriptio n an d concret e wording )  a s wel l 
as o n th e memor y state ,  i.e .  whic h node s ar e activ e a t  th e moment  (a s a  resul t 
of  previou s inpu t  o r  reasonin g processes) .  Th e predictio n mad e i s tha t  ther e ha s 
t o b e a  primin g effec t  o n reasonin g i n proble m solvin g tas k an d tha t  thi s 
primin g activit y ha s t o decreas e i n th e cours e o f  time . 

3.  PSYCHOLOGICAL EXPERIMENTS 

Psychological experiments are performed in order to test our two main 
hypotheses : 

-  first ,  tha t  deduction ,  inductio n an d analog y ar e performe d b y a 
singl e unifor m reasonin g mechanism ; 

-  second ,  tha t  th e retrieva l  ste p i n thi s reasonin g proces s i s 
accomplishe d b y a  spreadin g activatio n mechanism . 

The spreadin g activatio n hypothesi s i s usuall y teste d b y primin g 
experiments .  Mos t  o f  th e experiment s o f  thi s kin d ar e performe d wit h lo w leve l 
task s (lexica l  decision ,  item s recognition ,  wor d completion ,  etc.) .  We hav e 
shown primin g effect s i n a  question-answerin g (fac t  retrieval )  tas k wit h a n 
experimen t  describe d i n [12] . 

The experiment s t o b e describe d her e ar e carrie d ou t  i n orde r  t o explor e th e 
existenc e o f  primin g effect s i n a  hig h leve l  tas k lik e proble m solving .  Gic k an d 
Holyoa k [7,8 ]  hav e performe d som e experiment s o n analogica l  proble m solving ,  bu t 
the y concentrat e mor e o n th e mappin g proces s rathe r  tha n o n th e retrievin g on e 
(th e subject s usuall y receive d hint s t o appl y a  give n analog y t o th e problem) . 
But  a s Holland ,  Holyoa k et ,  al.[9 ]  pointe d out ,  "fo r  a n autonomou s proble m 
solve r  th e mos t  difficul t  ste p i n th e us e o f  analog y i s likel y t o b e th e 
retrieva l  o f  a  plausibl e source" . 

Accordin g t o ou r  secon d hypothesis ,  w e expec t  tha t  th e activatio n o f  som e 
specifi c  knowledg e befor e givin g th e proble m t o th e subject s wil l  influenc e th e 
way o f  solvin g th e proble m o r  th e success/failur e ratio .  Moreover ,  w e expec t 
thi s primin g effec t  t o decreas e i n th e cours e o f  time . 

Considerin g th e firs t  hypothesis ,  w e expec t  tha t  th e sam e primin g effec t 
shoul d b e observe d i n al l  thre e cases :  deductio n (Experimen t  I ) ,  inductio n 
(Experimen t  II )  an d reasonin g b y analog y (Experimen t  III) . 
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3-1 .  Experimen t  I . 
Primin g Effect s o n Deductiv e Reasonin g 

3.1.1. Method 

Subjects. The subjects were 385 pupils from 15 to 17 years old. They 
participate d i n th e experimen t  withou t  pay . 

Materials .  Th e subject s ha d t o solv e mathematica l  problem s tha t  belonge d t o 
well-know n classes ,  applyin g well-know n genera l  method s i n a  deductiv e manner . 

The targe t  problej n was :  "Prov e th e identity : 
r i T T T ^  -  y ? -  V7 7 =  2  " 

The primin g proble m was :  "Reduc e th e expressio n 
/ 6 +  /3 C " 

The distracto r  problem s wer e one s fro m geometry . 
The targe t  proble m coul d b e solve d i n a t  leas t  tw o ways ,  well-know n b y th e 

pupil s beforehand : 
-  squarin g bot h side s o f  th e identit y 
-  reducin g th e expression s unde r  th e radicals , 

e.g .  7  +  /2 4 =  1  +  6  +  2/ 6 =  ( 1 +  /6) 2 
We suppos e tha t  th e primin g proble m activate s th e knowledg e neede d t o solv e 

th e targe t  proble m i n th e secon d way . 
Procedure .  Subject s wer e teste d i n group s o f  1 5 t o 2 5 people .  The y ha d t o 

solv e abou t  1 0 problems ,  eac h o f  the m i n a  restricte d tim e period .  Th e proble m 
description s wer e writte n o n a  blackboar d on e b y on e -  afte r  th e tim e fo r 
solvin g a  give n proble m wa s up ,  th e blackboar d wa s cleane d an d th e nex t  proble m 
was writte n o n it .  Subject s wer e no t  awar e o f  ou r  classificatio n o f  problem s a s 
target ,  primin g an d distracto r  ones .  Th e experimente r  presente d th e solutio n o f 
th e primin g proble m t o th e subject s i n orde r  t o ensur e tha t  al l  o f  the m wil l  us e 
one an d th e sam e metho d an d thu s activat e th e sam e genera l  knowledge .  Th e 
solution s o f  som e o f  th e distracto r  problem s wer e als o presente d t o th e subject s 
so tha t  th e primin g proble m woul d no t  stan d ou t  amon g th e rest .  Subject s wrot e 
down th e solution s o f  th e problem s keepin g trac e o f  al l  attempt s an d errors .  Th e 
statistic s mad e i n thi s experimen t  reflect s th e numbe r  o f  subject s tryin g t o 
solv e th e proble m i n on e an d th e sam e wa y bu t  doe s no t  reflec t  th e numbe r  o f 
correc t  solution s o f  th e problems . 

Design .  Ther e wer e thre e condition s i n th e experiment : 
-  contro l  conditio n -  subject s solve d onl y distracto r  an d targe t 

problems ; 
-  nea r  primin g conditio n -  subject s solve d th e primin g proble m 

immediatel y befor e th e targe t  one ; 
-  fa r  primin g conditio n -  subject s solve d th e primin g problem ,  afte r 

tha t  tw o distracto r  problem s ( 8 min )  an d the n th e targe t  problem . 
The measure d variabl e i s th e numbe r  o f  subject s solvin g th e targe t  proble m 

i n eac h particula r  way . 

3.1.2. Results. 

The number of subjects that solved the target problem in a certain way under 
eac h conditio n i s give n i n Tabl e 1 .  Th e difference s betwee n th e result s i n ever y 
tw o condition s ar e significan t  a t  th e 1 % leve l  measure d b y th e X ^  (ch i  square ) 
criterion .  Althoug h almos t  al l  subject s hav e solve d th e targe t  proble m "b y 
squaring "  unde r  th e contro l  condition ,  th e experimen t  demonstrate s a  clea r 
primin g effec t  whic h decrease s slowly .  Ther e ar e bot h nea r  an d fa r  primin g 
effect s bu t  the y ar e significantl y different . 
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ways\condition s contro l near  prim e fa r  prim e 

solve d b y squarin g 
solve d b y reducin g 
unabl e t o solv e 

71 
7 

13 

43 
91 
15 

54 
57 
34 

Tabl e 1 
Result s fro m Experimen t  I . 

x2=69.0 4 (contro l  -  near),x2=40.5 2 (contro l  -  far ! 
x2=16.3 7 (nea r  -  far ) 

3.2 .  Experimen t  II . 
Primin g Effect s o n Inductiv e Reasonin g (Generalization ) 

3.2.1. Method 

Subjects. Subjects were 422 pupils from 15 to 17 years old participating in 
th e experimen t  withou t  pay . 

Materials .  Subject s ha d t o solv e abou t  1 0 problems . 
The targe t  proble m wa s Clement' s "sprin g coils "  problem :  Imagin e a  sprin g 

wit h a  weigh t  hun g o n it ;  i f  th e origina l  sprin g i s replace d wit h on e mad e o f 
th e sam e )cin d o f  wire ,  wit h th e sam e numbe r  o f  coils ,  bu t  wit h coil s twic e a s 
wid e i n diameter ,  wil l  th e sprin g no w stretc h more ,  less ,  o r  th e sam e amoun t 
under  th e sam e weight ,  an d why ? 

The primin g proble m I  was :  Ther e ar e tw o rod s mad e o f  on e an d th e sam e 
materia l  wit h th e sam e widt h an d profil e bu t  wit h differen t  lengths .  Eac h ro d i s 
fixe d horizontall y b y on e o f  it s  end s an d a  weigh t  (th e sam e fo r  bot h rods )  i s 
hung a t  th e othe r  end .  Whic h ro d wil l  ben d more ? 

The primin g proble m I I  was :  Ther e ar e tw o single-coi l  spring s mad e o f  on e 
and th e sam e kin d o f  wir e bu t  wit h differen t  diameter s o f  th e coils .  Whic h coi l 
wil l  stretc h mor e unde r  on e an d th e sam e weight ? 

The distracto r  problem s wer e mathematica l  an d physica l  ones . 
The solutio n o f  th e bendin g ro d proble m i s wel l  know n b y pupils .  Subject s 

hav e n o genera l  knowledg e t o solv e th e targe t  proble m i n a  deductiv e way ,  bu t 
the y ar e abl e t o generaliz e th e solutio n o f  th e bendin g ro d proble m t o a 
solutio n o f  th e targe t  proble m i n a n inductiv e wa y (i.e .  th e ro d nee d no t  b e 
straight) .  We expec t  tha t  th e primin g proble m wil l  activat e th e require d 
knowledg e an d i n thi s wa y facilitat e th e solvin g o f  th e targe t  problem . 

I t  migh t  b e questionabl e i f  th e targe t  i s solve d b y generalizatio n o f  th e 
bendin g ro d proble m o r  i t  i s  use d a s a  bas e fo r  analogy .  (Thi s show s tha t  th e 
boundarie s betwee n analog y an d generalizatio n ar e no t  alway s quit e distinct. ) 
Becaus e o f  th e fac t  tha t  th e protocol s fro m th e experimen t  wer e no t  alway s clea r 
enoug h t o mak e thi s distinction ,  w e repeate d th e experimen t  (wit h othe r 
subjects )  wit h th e primin g proble m II ,  wher e th e targe t  proble m i s obviousl y a 
generalizatio n o f  th e primin g proble m wit h respec t  o f  th e numbe r  o f  coils . 
(Accordin g t o Clemen t  [6 ]  thi s cas e canno t  b e considere d a s analogy. ) 

Procedure .  Th e procedur e i s th e sam e a s i n Experimen t  I . 
Design .  Ther e wer e thre e condition s i n th e experiment : 

-  contro l  conditio n -  subject s solve d onl y distracto r  an d targe t 
problems ; 

-  nea r  primin g conditio n I  -  subject s solve d th e primin g proble m I 
jus t  befor e th e targe t  one ; 
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-  nea r  primin g conditio n I I  -  subject s solve d th e primin g proble m I I 
jus t  befor e th e targe t  one ; 

-  fa r  primin g conditio n I  -  subject s solve d th e primin g proble m I , 
afte r  tha t  tw o distracto r  problem s ( 4 min )  an d the n th e targe t  problem . 

-  fa r  primin g conditio n I I  -  subject s solve d th e primin g proble m II , 
afte r  tha t  tw o distracto r  problem s ( 4 min )  an d the n th e targe t  problem . 

The measure d variabl e i s th e numbe r  o f  subject s answerin g th e targe t  proble m 
i n eac h possibl e way . 

3.2.2. Results. 

The number of subjects who answered the target problem in a certain way 
unde r  eac h conditio n i s give n i n Tabl e 2 .  Bot h nea r  an d fa r  primin g condition s 
ar e significantl y differen t  fro m th e contro l  conditio n a t  th e 1 % leve l  measure d 
by th e X ^  criterion . 

The differenc e betwee n th e result s unde r  nea r  an d fa r  primin g condition s ha s 
not  bee n foun d t o b e statisticall y significan t  bu t  ther e i s a  tendenc y toward s 
decreasin g th e primin g effect .  We thin k tha t  th e primin g effec t  i s  no t 
significantl y decrease d i n thi s cas e becaus e o f  th e shor t  tim e perio d betwee n 
th e primin g an d tes t  phas e ( 4 min) . 

answers control near I far I near II far II 

more 22 82 70 58 64~ 
equa l  6  3  4  5  3 
les s 2 3 3 0 3 0 6  1 6 

Table 2 
Result s fro m Experimen t  II . 

x2=13.9 4 (contro l  -  nea r  I),x2=9.3 4 (contro l  -  fa r  I ) 
x2=24. 1 (contro l  -  nea r  II),x2=16.0 4 (contro l  -  fa r  II ) 

x2=5.3 9 (nea r  I  -  fa r  I),x2=4.0 9 (nea r  I I  -  fa r  II ) 

3.3. Experinent III. 
Primin g Effect s o n Reasonin g b y Analog y 

3.3.1. Method 

Subjects. The subjects were 344 pupils from 15 to 17 years old participating 
i n th e experimen t  withou t  pay -

Materials .  Subject s ha d t o solv e abou t  1 0 problems . 
The targe t  proble m was :  Imagin e yo u ar e i n a  fores t  b y a  rive r  an d yo u wan t 

t o boi l  a n egg .  Yo u hav e onl y a  knife ,  a n ax e an d a  match-box .  Yo u hav e n o 
container s o f  an y kind .  Yo u coul d cu t  a  vesse l  o f  woo d bu t  i t  woul d bur n i n th e 
fire .  Ho w woul d yo u boi l  you r  egg ? 

The primin g proble m was :  Ho w ca n yo u mak e te a i n a  glass ? 
The distracto r  problem s wer e mathematica l  an d physica l  ones . 
Subject s hav e n o genera l  knowledg e fo r  solvin g th e targe t  proble m i n a 

deductiv e way :  the y d o no t  kno w an y particula r  cas e o f  thi s situatio n either . 
Al l  o f  them ,  however ,  hav e experienc e i n usin g immersio n heater s (i.e .  the y kno w 
th e solutio n o f  th e primin g problem )  an d coul d tr y t o fin d a n analog y (t o hea t 
stone s o r  th e knif e o r  th e ax e an d t o pu t  i t  i n th e water) .  We expec t  tha t  th e 
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primin g proble m activate s th e knowledg e abou t  immersio n heater  an d thu s 
facilitate s th e analogy . 

Procedure .  Th e procedur e wa s th e sam e a s i n Experimen t  I .  Th e experimente r 
presente d th e solutio n o f  th e primin g proble m t o th e subject s i n orde r  t o ensur e 
tha t  al l  o f  the m wil l  focu s o n th e sam e particula r  experienc e (case) . 

Design .  Ther e wer e fou r  condition s i n th e experiment : 
-  contro l  conditio n -  subject s solve d onl y distractor  an d targe t 

problems ; 
-  near- 1 conditio n -  subject s solve d th e primin g proble m jus t  befor e 

th e targe t  one ;  th e experimente r  presente d th e solutio n wit h th e words :  "B y a n 
immersio n heater" . 

-  near- 2 conditio n -  subject s solve d th e primin g proble m jus t  befor e 
th e targe t  one ;  th e experimente r  presente d th e solutio n wit h th e words :  "W e hea t 
th e wate r  b y a n immersio n heater." . 

-  fa r  conditio n -  subject s solve d th e primin g problem ,  afte r  tha t 
eigh t  distracto r  problem s (2 4 min )  an d the n th e targe t  problem . 

The measure d variabl e i s th e successes/failure s rati o i n solvin g th e targe t 
problem . 

3.3.2 .  Result s 

The number of subjects that successfully solved the target problem under 
each conditio n i s give n i n Tabl e 3 .  Th e difference s betwee n th e result s i n 
contro l  an d i n bot h nea r  primin g condition s ar e significan t  a t  th e 5 % an d 1 % 
leve l  respectively ,  measure d b y th e X ^  criterion .  Ther e ar e n o significan t 
difference s betwee n th e contro l  an d th e fa r  condition .  We thin k tha t  ther e i s n o 
fa r  primin g effec t  becaus e o f  th e lon g tim e perio d betwee n th e primin g an d th e 
tes t  phas e (2 4 min) . 

resultsNconditions control 
succes s 7 
failur e 3 4 

Table 3. 
Result s o f  Experimen t  III . 

X^=4.9 4 (contro l  -  near-1),x2=10.0 7 (contro l  -  near-2 ) 
x2=0.4 5 (contro l  -  far),x2=10.1 8 (near- 1 -  far) , 

x2=18.5 5 (near- 2 -  far ) 

3.4 .  Discussio n 

The experiments reported here have shown that 1) there is a priming effect 
i n al l  thre e case s (deduction ,  inductio n an d analogy) ;  2 )  thi s primin g effec t 
decrease s i n th e cours e o f  tim e (wit h n o statistica l  significanc e i n th e 
inductio n case )  an d 3 )  i t  decrease s slowl y an d ther e i s stil l  a  primin g effec t 
afte r  solvin g som e distracto r  problem s (fo r  4  t o 8  min) .  Experimen t  II I  ha s 
demonstrate d a  tendenc y (withou t  statistica l  significance )  tha t  differen t 
wording s o f  th e primin g solutio n ca n influenc e th e solvin g o f  th e targe t  proble m 
differently .  Al l  thes e result s substantiat e ou r  secon d hypothesi s tha t  th e 
retrievin g ste p i s performe d b y a  spreadin g activatio n mechanism . 

Recentl y a  retrieva l  theor y [15 ]  ha s bee n propose d whic h assume s tha t  th e 
prim e an d th e targe t  ar e combine d a t  retrieva l  int o a  compoun d cu e tha t  i s use d 
t o acces s memor y an d i n thi s wa y som e primin g effect s ca n b e accounte d fo r  a s 
well .  We think ,  however ,  tha t  i t  wil l  b e mor e difficul t  t o explai n th e fa r 
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primin g effect s demonstrate d i n ou r  experiment s wit h th e hel p o f  tha t  theory . 
The primin g effect s demonstrate d i n lo w leve l  task s ar e indee d shor t  ter m 
effects .  I n ou r  opinio n thi s i s du e t o th e fac t  tha t  i n thes e experiment s onl y 
singl e node s ar e activate d b y th e preliminar y settin g (e.g .  onl y on e o r  tw o 
words) .  I n mor e comple x experiment s lik e th e one s reporte d her e a  larg e par t  o f 
th e networ k i s activate d an d th e activatio n patter n i s mor e stabl e an d tha t  i s 
why th e activatio n o f  th e node s decrease s mor e slowl y (th e node s activat e eac h 
othe r  mutually) . 

The experimenta l  result s reporte d her e als o substantiat e ou r  firs t 
hypothesi s tha t  deduction ,  inductio n an d analog y ar e performe d b y a  singl e 
unifor m mechanis m becaus e th e effect s demonstrate d i n al l  thre e experiment s ar e 
th e same . 

4.  COMPUTER SIMULATIO N 

A computer implementation of associative memory-based reasoning is developed 
[13] .  I t  i s  don e i n Common Lisp .  I t  simulate s huma n proble m solvin g i n th e are a 
use d i n Experimen t  II I  (cookin g an d boilin g water ,  eggs ,  etc .  i n th e kitche n o r 
i n th e forest) .  Th e simulatio n syste m demonstrate s tha t  AMBR i s capabl e o f 
proble m solvin g i n a  deductive ,  inductiv e an d analogica l  wa y a s wel l  a s som e o f 
th e primin g effect s foun d i n ou r  experiments .  Fo r  example ,  withou t  preliminar y 
activatio n o f  an y knowledg e th e syste m faile d i n solvin g th e targe t  proble m i n 
Experimen t  III ,  bu t  afte r  preliminar y activatio n o f  th e cas e o f  preparin g te a b y 
an immersio n heater  i n a  glass ,  th e syste m foun d a  possibl e solutio n -  usin g a 
hot  knife ,  i f  th e ston e descriptio n i s als o activate d beforehan d tha n th e 
generate d b y th e syste m solutio n i s "usin g a  ho t  stone" .  A  detaile d descriptio n 
of  th e simulatio n experiment s wil l  b e presente d i n anothe r  paper . 

5. CONCLUSIONS 

Two hypotheses underlying associative memory-based reasoning have been 
discusse d an d som e experimenta l  suppor t  fo r  thes e hypothese s ha s bee n obtained . 

Bot h nea r  primin g effec t  (immediatel y afte r  th e priming )  an d fa r  prisin g 
effec t  ( 4 t o 8  mi n afte r  priming )  o n proble m solvin g i n hig h leve l  task s hav e 
been demonstrated .  I t  ha s als o bee n show n tha t  th e priain g effec t  decrease s i n 
th e cours e o f  time .  Thi s i s considere d a s a  suppor t  fo r  th e spreadin g activatio n 
hypothesis ,  whic h need s furthe r  testing .  Psychologica l  experiment s ar e planne d 
t o explor e th e cause s fo r  th e primin g effects :  w e woul d lik e t o contras t  th e 
hypothesi s o f  th e residua l  activatio n afte r  th e primin g phas e wit h th e 
hypothesi s o f  th e creatio n o f  associativ e link s durin g th e primin g phase .  Th e 
decreasin g o f  th e primin g effec t  i n th e cours e o f  tim e substantiate s th e firs t 
hypothesi s bu t  nevertheles s w e woul d lik e t o explor e th e difference s furthe r  b y 
givin g tw o differen t  primes  t o th e subject s i n orde r  t o chec k i f  ther e wil l  b e 
interferenc e betwee n th e primin g effects . 

The experiment s o n deductive ,  inductiv e an d analogica l  proble m solvin g hav e 
demonstrate d th e sam e behavioura l  phenomen a whic h i s considere d a s a  suppor t  fo r 
th e hypothesi s tha t  ther e i s a  singl e unifor m reasonin g mechanism . 

The simulatio n result s hav e show n tha t  i t  i s  possibl e t o produc e deductive , 
inductiv e an d analogica l  reasonin g b y th e AMBR mechanis m an d tha t  th e 
demonstrate d primin g effect s ar e simila r  t o tha t  i n th e performe d psychologica l 
experiments . 
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