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ABSTR AC r 

The paper o u t l i n e s  a computational theory  
o f  human p l aus ib l e  reasoning cons t ruc ted  RTom 
a n a l y s i s  of people 's  answers t o  everyday 
ques t ions .  Like l o g i c ,  t h e  theory is 
expressed i n  a content-independent forlhalism. 
Unlike l o g i c ,  the theo ry  specifies how 
d i f  fekent  information i n  memory a f f e c t s  t h e  
c e r t a i n t y  of t he  conc lus ions  drawn The 
theory  c o n s i s t s  of a dimensionalized space o f  
d i f f e r e n t  in fe rence  t ypes  and t h e i r  c e r t a i n t y  
cond i t i ons ,  inc lud ing  a v a r i e t y  o f  
meta-inference types  where t h e  i n r e r ence  
depends on t h e  person 's  knowledge about h i s  
own knowledge. The p ro toco l s  from people1s  
answers t o  ques t ions  are analyzed i n  terms o f  
t h e  d i f f e r e n t  i n f e r ence  types .  The paper a l s o  
d ibcusses  how memory is s t r u c t u r e d  i n  mu1t:iple 
ways t o  support  t h e  d i f f e r e n t  in fe rence  types ,  
and how t h e  information found i n  memory 
determines  which inference types a r e  
t r i g g e r e d ,  

INTRODUCTION 

The goa l  of this paper is t o  b r i e f J y  
d e s c r i b e  a theory of human plaus . ible  reasoning 
I am c u r r e n t l y  developing ( C o l l i n s ,  1978) 
The theory is a procedural  theory  and hence 
one, which can be implemented i n  a computer, as 
p a r t s  o f  i t  have been i n  t h e  SCHOLAR and 
MAP -SCHOLAR sys tems ( Carbonell  & ~011 i n s ,  
1973; C o l l i n s  L Warnock, 1974, C o l l i n s ,  
Warnock, Ale110 h Mil l e r ,  1975). The theory  
is expressed i n  t he  productf on-rule formalism 
of Newel1 (1973). un l ike  l o g i c ,  t h e  t heo ry  
s p e c i f i e s  how ~ i f f e r e n t  coa f igu ra t i ons  o f  
informat ion affect t h e  c e r t a i n t y  o f  t h e  
conc lus ions  drawn. These c e r t a i n t y  cond i t i ons  
are i n  f a c t  t he  major con t r i bu t ion  o f  t h e  
theory.  

Methodolonv of Constructinn t h e  Theorv 

To cons t ruc t  a theory  of  human p l a u s i b l e  
reasoning,  I co l l ec t ed  about 60 answers to 
everyday ques t ions  from 4 d i f f e r e n t  s u b j e c t s .  
The ques t ions  ranged f r a n  whether t h e r e  are 
black p r inces s  phones t o  when t h e  respondent 
first d rank  beer 

The a n a l y s i s  of t h e  p ro tooo l s  a t t e m p t s  t o  
account for the reasoning and t h e  conc lus ions  
drawn i n  t h e  p ro toco l s  i n  terms of  1)  a 
taxonomy of p l a u s i b l e  in fe renoe  typeg, 2) a 
taxonomy o f  d e f a u l t  assumptions ,  and 3 )  what 
t h e  s u b j e c t  must have known a p r i o r i  A s  w i l l  
be ev iden t ,  t h i s  is an i n f e r e n t i a l  a n a l y s i d  
I am t r y i n g  t o  d o n s t r u c t  a deep s t r u c t u r e  
t heo ry  from t h e  s u r f a c e  s t r u c t u r e  t r a c e s  o f  
t h e  reasoning process.  

The p ro toco l s  have t h e  fo l lowing  
charac" te r i s t i cs ,  
1 )  There  a r e  u s u a l l y  s e v e r a l  d i f f e r e n t  

i a r e r ence  types  used t o  answer any 
ques t ion .  

2)  The same in fe r ence  t ypes  recur  i n  many 
d i f f e r e n t  answers. 

3 )  People weigh a 1 4  t h e  evidence they  f i nd  
t h a t  bears  on a ques t ion .  

4)  People a r e  more o r  less c e r t a i n  depending 
on the c e r t a i n t y  of  t he  informat ion,  t h e  
c e r t a i n t y  o f  t h e  i n f e r e n c e s ,  and on whether 
d i f f e r e n t  i n f e r ences  l ead  t o  t h e  'same o r  
opposl  t e  conc lus ions  

I can i l l u s t r a t e  some o f  t he se  
c h a r a o t e r i . s t i c s  of t h e  p ro toco l s  a s  well a s  
s e v e r a l  o f  t h e  i n f e r e n c e  t ypes  in  t h e  theory  
wi th  a protocol  taken from a t u t o r i a l  s e s s i o n  
on South American geography (Carbonel l  & 
C o l l i n s ,  1973). 

('C) There is some jungle  i n  here  ( p o i n t s  t o  
Venezuela) bu t  t h i s  breaks  i n t o  a savanna 
around the  Orinoco ( p o i n t s  t o d  t h e  Llanos 
i n  Venezuela and Colombia) . 

(S)  Oh r i g h t ,  t h a t  is where they grow t h e  
c o f f e e  up there' 

(T) I don't  th ink  t h a t  t h e  savanna is used for 
growing coffee .  The t roub le  is t h e  
savanna has  a r a i n y  seasdn and you c a n ' t  
count on r a i n  i n  genera l .  But I don ' t  
know. This  area around Sao Paulo ( i n  
Br,azil) is c o f f e e  reg ion ,  and it is s o r t  
o f  getting i n t o  t h e  savanna region there. 

I n  t h e  protocol  t h e  t t t t o r  went through 
t h e  following reasoning on t h e  ques t ion  of 
whether cof fee  is grown i n  t h e  Llanos.  
I n i t i a l l y ,  the  t u t o r  made a hedged %on 



reapopse f o r  two reasgna.  F i r s t , ' t h e  t u t o r  
d i d  not have Stored t h a t  t h e  Llanos  wqs used 
far growin4 coffee. Second, t h e  t u t o q  knew 
that c o f f e e  growing depends on a number o f  
f a c t o r s *  ( e  .g. , r a i n f a l l ,  t empera ture ,  so i l ,  
and; t e r r a i n ) ,  and t h a t  savannas do no t  have 
t h e  c o r r e c t  va lue  for growing c o f f e e  on a t  
least one of  t hose  f a c t o r s  e ,  reliable 
r a i n f a l l ) .  However, t h e  t u t o r  l a t e r  hedged. 
h i s  i n i  ti41 negat ive  response ,  because he  
found some p o s i t i v e  evidence. I n  p a r t i b u l a r  , 
he thought t h e  B r a z i l i a n  savanna mikht o v e r l w  
t h e  c o f f e e  growing reg ion  i n  B r a z i l  around Sao 
Paulo and t h a t  t he  B r a z i l i a n  savanna might 
produce co f f ee .  Thus by ana logy  t h e  Llanos 
might also produce coffee. Hence, t h e  t u t o r  
ended up say ing  "1 don* t know.n 

The answer exh iba t s  a number o f  t h e  
important  a s p e c t s  of t h e  p ro toco l s .  I n  
g e n e r a l ,  a number of  i n f e r e n a e s  a r e  used t o  
der ive '  an answer. Some o f  t h e s e  are i n f e r e n c e  
cha lns  where t h e  premise o f  one i n f e r e n c e  
depends on t h e  conc lus ion  o f  ano the r  
in fe rence .  In o t h e r  c a s e s  t he  i n f e r e n o e s  a r e  
independent sou rces  of  ev idence .  When t h e r e  
are d i f f e r e n t  sou rces  of  ev idence ,  t h e  subject3 
weighs them t o g e t h e r  t o  determine h i s  
conclusion.  

It is a l s o  apparen t  in t h i s  p ro toco l  how 
d i f f e r e n t  p i e c e s  of  in format ion  a r e  found over  
time. What appea r s  to  happer is t h a t -  the 
s u b j e c t  l aunches  a s e a r c h  f o r  r e l e v a n t  
informat ion,  ( C o l l i n s  & & o f t u s ,  1975). As 
r e l e v a n t  pieces o f  in format ion  a r e  found ( o r  
are found $0 be m:issing), t h e y  t r i g g e r  
p a r t i c u l a r  i n fe rences .  The t y p e  o f  i n f e r e n c e  
app l i ed  is determined by t h e  r e l a t i o n  between 
the informat ion  found and the quesbion asked. 
Fpr example, i f  t h e  s u b j e c t  knew t h a t  savannas 
are i n  g e r a l  good f o r  growing cof fee ,  t h a t  
would trigger a seduction. I f  t h e  s u b j e c t  
knew of  one savanna somewhere t h a t  produced 
c o f f e e  , that trould t r i g g e r  an  analogy. The 
search f o r  in format ion  ts such t h a t  the  most 
r e l e v a n t  in format ion  as found first. I n  t h e  
p ro toco l ,  t h e  more r e l e v a n t  in format ion  about  
t h e  u n r e l i a b l e  r a i n f a l l  i n  savannas  was found 
before  t h e  more far fetched informat ion  about  
t h e  c o f f e e  growing region i n  B r a z l l  and its 
r e l a t i o n  to  t h e  B r a z i l i a p  savanna. Thus, 
informat ion seems t o  be found a t  d i f f e r e n t  
times by an autonomous search  process ,  and t h e  
p a r t i c u l a r  informat ion found determines  
i n fe rences  t h a t  are triggeeed . 

THE THEORY 

The theory  s p e c i f i e s  a large numDer or 
d i f  l e r e n  t i n f e r e n c e  types, t o g e t h e r  w i t h  t h e  
c o n d i t i o n s  t h a t  a f f e c t  t h e  c e r t a i n t y  o f  each  
i n f e r e n c e  type .  I n  t he  t h e o r y  t h e  d i f f e r e n t  
t ypes  o f  i n fe rence  are a r r a y e d  i n  a f i v e  
dimensional space.  

The dimensions of  t h e  i n fe rence  space  
a-re : 

( 1 ) fnfer-es. on .  Knowledae vs I n f e r e n c e s  on 
Meta-Knowledge 

There are i n f e r e n c e  p a t t e r n s  based on 
people's knowledge, such as deduct ion  and 
i n d u c t i o n ,  and i n f e r e n c e  p a t t e r n s  baded on 
people1 s knowledge about  their own- o r  o the r s  s 
knowledge (1.e. meta-knowledge) (Brown, 1977), 
such as lack-of-knowledqe and c o n f u s a b i l i t y  
i n f e r e n c e s .  I r e f e r  t o  t h e s e  l a t t e r  as 
meta- infergnces  They are u b i q u i t o u s  i n  t h e  
p r o t o c o l s ,  and y e t  they  f a l l  o u t s i d e  t h e  scope 
ohf most t h e o r i e s  of l o g i a .  The o t h e r  four  
dimensions refer to the apace of inferenaes 
b u t  may also p a r t i a l l y  apply  t o  the  space of 
meta- inferences .  

(2 )  Funct iona l  v s  S e t  In fe rences  

For ekch type o f  i n f e r e n c e ,  t h e r e  i s  a 
functions va r fa t io r r  and a & v a r i a t i o n .  The 
set  v a r i a t i o n  invo lves  mapping t h e  proper ty  of 
one set (which may be a single-member se t  o r  
i n s t a n c e )  onto ano the r  set. The f u n c t i o n a l  
v a r i a t i o n  h a s  an a d d i t i o n a l  premise t h a t  the  
proper ty  t o  be mapped ( t h e  dependent v a r i a b l e )  
3epends on o t h e r  p r o p e r t i e s  ( t h e  independent 
v a r i a b l e s ) .  The mapping of  t h e  p rope r ty  from 
3ne set t o  a n a t h e r  makes use of t h i s  
f u n c t i o n a l  dependency. The set v a r i a t i o n ,  i n  
f a c t ,  13 a degenera te  fonb of' t h e  f u n c t i o n a l  
v a r i a t i o n ,  which is  used when people have 
l i t t l e  o r  no knowledge o f  the  f u n c t i o n a l  
dependencies involved : 

People* s knowledge about  f u n c m n a l  
dependencies  c o n s i s t s  o f  a kind o f  d i r e c t i o n a l  
correlation. A judgment about whether  a place 
can grow o o f f e e  might depend on f a c t o r s  t h a t  
are c a u s a l  p r e c u r s o r s  f o r  c o f f e e  growing 
( e  .g . , t empera tu re ) ,  c o r r e l a t e d  f a c t o r s  ( e  .g . , 
o t h e r  t y p e s  o f  vegetat ion)- ,  o r  f a c t o r s  
c a u s a l l y  subsequent  to c o f f e e  growing (e.g., 
expor t  t r a d e ) .  For example, one mighj; dec ide  
a p l a c e  does  n o t  produce c o f f e e ,  because it 
produces  a p p l e s  which seem incompat ib le  with 
oo f fee ,  or because t h e r e  is l i t t l e  expor t  
t r a d e  from thk r eg ion .  The d i r e c t i o n a l  n a t u r e  
of t h e  c o r r e l a t i o n  shows up i n  t h e  last 
example. A r eg ion  e a s i l y  could have expor t  
t r a d e  wi thout  producing c o f f e e ,  b u t  it would 
be u n l i k e l y  t h a t  a r eg ion  would produce c o f f e e  
without  having expor t  t r a d e .  

( 3  ) Semantic.  S ~ a t i a l  . v s  Temboral l n f  e r e n c e s  

For each type of i n f e r e n c e ,  t h e r e  is a 
semantic, s p a t i a l ,  or temporal v a r i a t i o n  of 
t h e  i n f e r e n c e .  Semantic i n f e r e n c e s  i nvo lve  
mapping p r o p e r t i e s  a c r o s s  semant ic  space ,  
spgt ia l  i n f e r e n c e s  a c r o s s  ~ u c l i d e a n  space ,  and 
temporal i n f e r e n c e s  a c r o s s  time. These are 
treated as d $ f f e r e n t  t y p e s  of i n f e r e n c e s  i n  
t h e  t h e o r y  because h e  prcfcedures f o r  
co$puting them are domewhat d i f f e r e n t .  
Semantic i n f e r e n c e s  a r e  based on informat ioh  
s t r u c t u r e d  i n  a semant ic  o r  conceptua l  memory 
( Q u i l l i a n ,  1968; Schank, 19'72). S p a t i a l  
i n f e r e n c e s  a r e  based on informat ion  (or  
images) der ived  from a s p a t l a l  s t r u c t u r e  
( C o l l i n s  & Warnock, 1975; Kosslyn b Schwartz,  
1977). Temporal i h f e r e n c e s  are based -on 
in format ion  de r ived  from an event  ( o r  



b g ~ ~ a o u i c )  s t r u c t u r e  (Tulving , 1972). 
Esorrelates of each of  t he se  types of memory 
B r u c t u r e s  a r e  found i n  Minograd's SHRDLU 
~ 3 9 ~ ) .  

R j  -ordin&e sets. s i m i l a r  sets. vs. - 
Xnferences can idvolve mapping proper t iea  

EPah m e r o r d i n a t e  sets, U i l a r  s e t s ,  o r  
award sets The proper ty  can be mapped 
F c w  one s e t  o r  from many s e t s  ( e i t h e r  
p x b u a t i v e l y  or no t ) .  The d i f f e r e n t  kind$ of 
happings de l inea ted  i n  t he  theory a r e :  
1 a) J I e d u c t i o ~  (Superordinate  Inferences)  maps 

p r o p e r t i e s  of t he  s e t  onto subse t s .  
(b) &&gy ( S i m i l a r i t y  Inferences)  maps 

p r o p e r t i e s  from one set t o  a s i u i l a r  s e t .  
~ Q I )  U d u c t i ~  maps p rope r t i e s  o f  subse t s  of a 

s e t  onto o ther  subse t s .  
[dl Genera l iza t ion  ( proof-by-cases) maps 

p r o g e r t i e s  of subse t s  of a s e t  onto the  
eet . 

( 8 )  -tion maps a subse t  w i t h  the  same 
proper ty  as some set i n t o  t h e  s e t  

159 , pos i t i ve  vs. Negative Infe rences  

Each type of in fe rence  has  both 4 
p s i t i v e  and negat ive  ve r s ion ,  depending on 
m e t h e r  the  mapping involves  t he  presence o r  
mbence of a property 

w t i o n s  of t he  Theorv 

The theory  rests on a number of 
B ~ e a p t i o n s  about t he  way informatfan :is 
b p r e s e n t e d  and processed by people. I w i l l  
Besoribe b r i e f l y  what t he se  assumptions are. 

w t l c  Information A assume 
BZr.formation about d i f fe re r f t  concepts is 
W r e s e n t e d  i n  a cross-referenced,  semantic 
~ s r u c t u r e  ( ~ u i l l i a n ,  1968; Schank, 1972). The 
modes i n  t h e  network are \schernas, which a r e  
B e  kind of s t ruc tu red  o b j e c t s  implied by t h e  
m%ton of frames (Minsky, 1915) or  s c r i p t s  
p h a n k  & Abelson, 1977). The l i n k s  between 
awes r ep re sen t  d i f f e r e n t  r e l a t i o n s  between 
We gogcepts.  The c o r r e l a t e  of t h i s  kind of 
 ana antic s t r u c t u r e  i n  Winograd's SHRDLU (19R) 

the cross-referenced information s t r u c t u r e  
@cmstructed by MICROPLANNER. 

t i a l  Information. I assume s p a t i a l  
mformat ion  about concepts ,  such a s  the  s5ze, 
mpe, c o l o r ,  o r  l o c a t i o n  of ob j ec t s  and 
Ep&ae.ea, is represented i n  a s p a t i a l  s t r u c t u r e ,  

t frap but  connected t o  t h e  semantic 
m w t u r e  (Co l l i n s  & Warnock, 1974). The 
w r e l a t e  of such a s p a t i a l  represen ta t ion  i n  
m g r a d q 3  SHRDLU (1972) was t h e  Cartes ian 
@mpresentation of  t h e  b locka  on t he  t ab l e  top.  

B e n t  i n f o m t i o n .  SimilarJy even t  
rmation is assumed t o  be s to red  i n  a form 

t pkeserves its temporal, causa l ,  and goa l  SF? 
t u r e .  This r e q u i r e s  a h i e r a r c h i c a l  
t u r e  o f  events  and subevents nested 

w r d i n g  t o  the  g o a l s  and subgoals of t h e  
d r a  involved i n  t h e  events  (Brown, Co l l i n s ,  

& Har r i s ,  1978). Such an event  memory was 
cons t ruc ted  by Winograd's SHRDLU (1972) t o  
record the  movements of blocks  and the  g o a l s  
they accmpl l shed ,  i n  o rder  t o  answer "whyn 
and nhown ques t ions  about even t s  i n  t he  Blocks 
World. 

Re t r i eva l  I assume t h e r e  a r e  autonmous 
hearch processes t h a t  f i nd  be1 evant  
i n f q m a t i o n  with respec t  t o  any query ( Col l i n s  
b Lof tus ,  1975). The s ea rch  process has  
access  t o  semantic, s p a t i a l  and temporal 
infoPmation i n  p a r a l l e l ,  and whenever r e l evan t  
iqformation of any kind is found, i t  triggers 
an in fe rence  ( C o l l i n s  & Q u i l l i a n ,  1972, 
Kosslyn, Murphy, Bemesderfer & Fe ins t e in  , 
1977. ) The information found by t h e  search  
processes determines what in fe rence  pa t  t e r n s  
a r e  appl ied .  

Matchinn Processes.  I assume the re  a r e  
dec i s ion  processes f o r  determining whether any 
two concepts can be i d e n t i f i e d  as t he  same. 
The semantic matching process  could 4e t h a t  
proposed by Col l ins  h Loftus  (1973) o r  by 
Smith, Shoben & Rips (1974).  The s p a t i a l  
matching process compares p l aces  or  o b j e c t s  t o  
decide t h e i r  s p a t i a l  r e l a t i o n .  S imi l a r ly ,  
t h e r e  must be a temporal matching process t h a t  
determines t he  r e l a t i o n  between two events .  

Jmwrtance and C e r t a i n t v .  I assume t h a t  
f o r  each concept and r e l a t i o n  a person has a 
not ion of its r e l a t i v e  importance (i .e. its 
c r i t e r i a l i t y )  , and h i s  degree of c e r t a i n t y  
about its t r u t h .  In  a computer, these  could 
be s to r ed  a s  t a g s  on the concepts and 
r e l a t i o n s  (carbonel? & C o l l i n s ,  1973) . 

EXAMPLES OF INFERENCE RULES AND PROTOCOLS 

Because it is i.mpossible t o  present  t h e  
e n t i r e  t h e o r y  here ,  I w i l l  g ive  t h e  
formulations J fo r  t h r ee  t ypes  of inference and 
show t h r e e  p r o t o c o l s  which illustrate t he se  
t h r e e  types ,  as wel l  a s  o the r s .  The t h r e e  
t ypes  a r e  the  lack-of-knowledge in fe rence ,  t h e  
func t iona l  analogy, and t h e  s p a t i a l  supe rpa r t  
i -nference.  They a r e  a l l  common infe rences  and 
se rve  t o  i . l l u s t r a t e  t h e  d i f f e r e n t  kinds cif 
i n f i r e n o e s  i,n t he  theory.  

The formal a n a l y s i s  o f  t h e  p ro toco l s  
a t t emp t s  t o  spec i fy  a l l  t h e  underlying 
in fe rences  t h a t  t h e  s u b j e c t  was using i n  h i s  
response.  For t h e  i n f e r ences  t h a t  bear 
d i r e c t l y  on the  ques t ion ,  I have marked 
whether they a r e  evidence f o r  a ne-tive o r  
p o s i t i v e  answer. Where a premise was no t  
d i r e c t l y  s t o r e d ,  but der ived from another  
in fe rence ,  I have i n d i c a t e d  t h e  in fe rence  from 
which it is der ived.  I have ind ica ted  t h e  
approximate degree of c e r t a i n t y  by marking t h e  
conclusion with *Mayben, nProbablyvt, o r  
l eav ing  it unmarked. Where a s u b j e c t  may be 
making a . p a r t i c u l a r  i n f e r ence  which t h e  
protocol  does not c l e a r l y  i n d i c a t e ,  I have 
marked the  idference nposs ib l em.  Separat ing 
in fe rences  in t h i s  manner is overs impl i f ied ,  
but has  t h e  v i r t u e  of  being understandable.  

Administrator
Note
Not Clear in the film



e m  
The lack-of-knowledge i n f e r e n c e  is t h e  

most  common o f  all t h e  m e t a - i n f e r e n c e s .  The 
p r o t o c o l  I s e l e c t e d  t o show t h e  
lack-of-knowledge i n f e r e n c e  shows t h e  s u b j e c t  
u s i h g  a v a r i e t y  o f  m e t a - i n f e r e n c e s  t o  r e a c h  a n  
i n i t i a l  c o n c l u s i o n  which he then backs o f f  a 
b i t .  

Q. Is t h e  Nile l o n g e r  t han  t h e  Mekong River?  

JB.  I t h i n k  so. 

J B  Because ( p a u s e )  i n  "unior  h i g h  I r e a d  a 
book on r i v e r s  and I k*t l o o k i n g  f o r  t h e  
Hudson R ive r  because  t h a b  was t h e  river I 
knew abou t  and it neve r  a p p e a r e d ,  and t h e  
Amazon was i n  t h e r e  and t h e  Nile was i n  
t h e r e  and a l l  t h e s e  r i v e r s  were i n  t h e r e ,  
and they  were b i g ,  and l o n g ,  and 
impor t an t .  The Mekong wasn ' t  i n  t h e r e  
(pause )  It cou ld  be j u g t  

Q. So t h e r e f o r e ,  it is no t  I m p o r t a n t .  

JB. T h a t ' s  r i g h t  It cou ld  be j u s t  a n  
American view. A t  t h a t  time t h e  Mekong 
wasn ' t  s o  i m p o r t a n t  

U d e r l v W  I n f w n c e a  
1 ) F u n c t i o n a l  Abduction on Impor tance  Level  

( P o s s i b l e )  
The impor t ance  o f  a - 4  *nr depends  i n  p a r t  
on how l o n g  it is 
m-e_ l&ae  is v e r y  imwrt- 
Probably  t h e  N i l e  is e x t r e m e l y  long  

2 )  Meta-Induct ion From Cases 
I know t h e  Amazon is e x t r e m e l y  Long 
I know t h e  Nile is e x t r e m e l y  l o n g  m o r n  
1)- 
I would know t h e .  Mekong is e x t r e a e l y  l o n g  
it' it were 

3 ) Lack-of-Knowledge I n f e r e n c e  
I don ' t  know t h e  Mekong is ex t r eme ly  l o n g  
I would know t h e  Mekong 18 e x t r e m e l y  J o n ~  
L C A t i ~ s e  from 2 
P robab ly  t h e  Mekong is n o t  e x t r e m e l y  l o n g  

4) Func t iona l  Abduction on Impor tance  Level  
( P o s s i b l e )  
The impor tance  of a river depends  i n  p a r t  
on l e n g t h  
T h e . . . M e k o n R i s e n  -i t lswrtant  
Probably  t h e  Mekong is n o t  e x t r e m e l y  long  

5 3imple Comparison ( P o s i t i v e  Evidence)  
The Mekong is n o t  e x t r e m e l y  l o n g  (from 3 
a n d  4) 
m e x t r -  lo_nn (from 1 
The Nile is l o n g e r  t han  t h e  Mekong 

6) F u n c t i o n a l  ~ t t r i b u t i o n  on Importanoe Level  
( P o s s i b l e )  
The impor t ance  o f  someth ing  depends  on how 
remote it is 
The Nile is v e r y  i m p o r t a n t  
The Nile is less remote  t h a n  t h e  
Mekona 
Maybe the Nile is more i m p o r t a n t  t h a n  t h e  
Mekong beaause  it 's less romote  

7) F u n c t i o n a l  A l t e r n a t i v e  on Impor t ance  Level  
(Nega t ive  Evidence)  ( P o s s i b l e )  
Tbs impor t ance  o f  B r i v e r  depends  on how 
close it is and how long  it is 
The Nile is more i m p o r t a n t  t h a n  t h e  Mekonn 
m m  it 's  c lo3e*  m o m  6) 
Maybe $he Nile is n o t  l o n g e r  t h a n  t h e  
Mekong 

C o n t r i b u t i n g  t o  t h e  c e r t a i n t y  o f  t h e s e  
i n f e r e n c e s  are s e v e r a l  m o t  e - i n f c r c n c e s  working 
on Impor tance  l e v e l .  The func  t i a n a l  
a b d u c t i o n s  ( 1  and 4) are , s u g g e s t e d  by t h e  
s u b j e c t ' s  t y i n g  l e n g t h  t o  impor t ance .  He 
seems to know t h a t  impor t ance  depends  i n  p a r t  
on l e n g t h ,  and s i n c e  he a s s i g n s  d i f f e r e n t  
aeRrees o f  impor t ance  t o  t h e  N i l e  and t h e  
Rekong, he must  be u s i n g  t h a t  i n  p a r t  t o  i n f e r  
t h a t  t h e  Mekong is n o t  as l o n g  as t h e  Nile. 
There  a l s o  is a me ta - induc t ion  h e  is making: 
t h a t  s i n c e  he knows t h e  Amazon and the Nile 
are v e r y  l o n g ,  he would know t h e  Mekong is 
l o n g  i f  i t  were. T h i s  me ta - induc t ibn  is 
a c t i n g  on one  of  t h e  c e r t a i n t y  c o n d i t i o n s  f o r  
t h e  lack-of-knowledge i n f e r e n c e -  t h e  more 
similar cases s t o r e d  w i t h  t h e  g i v e n  p r o p e r t y ,  
t h e  more c e r t a i n  t h e  i n f e r e n c e  Taken 
t o g e t h e r ,  t h e s e  i n f e r e p c e s  make t h e  
lacK-of-knowledge i n f e r e n c e  v e r y  c e r t a i n .  

However a t  t h e  end t h e  s u b J e c t  backs  o f f  
h i s  c o n p u s l o n  becausg  he f i n d s  a n o t h e r  c h a i n  
of r e a s o n i n g  t h a t  makes him less c e r t a i n  
( i n f e r e n c e s  6 and  7). The i d e a  o f  
mremotenessw o n l y  r e p r e s e n t s  t h e  u n d e r l y i n g  
argument when i n t q r p r e t e d  i n  terms o f  
c o n c e p t u a l  d i s t a n c e  What the s u b j e c t  is 
r e a l l y  d o i n g  is e v a l u a t i n g  how remote 
S o u t h e a s t  Asia was a t  t h e  time he was i n  
j u n i o r  h i g h  (be fo r& t h e  Vietnam War). T h i s  
n o t i ~ n  o f  r emoteness  is t h e  outcome of 
matching  p r o c e s s e s  The Mekong was remote 
because  It was far away c u l t u r a l l y ,  
h i s t o r i c a l l y ,  p h y s i c a l l y ,  etc. from America. 
Based on t h i s  t h e  s u b j e c t  realizes t h a t  t h e  
Mekongt s l a c k  o f  impor tance  may be d u e  t o  t h i s  
r emoteness  r a t h e r  t h a n  its s h o r t n e s s  i n  
l e n g t h  us r e a s o n i n g  t h e n  depends  on h i s  
n a t i o n  o f  what a l t e r n a t i v e  f a c t o r s  impor tance  
depends  on, and how it migh t  m i s l e a d  him i n  
t h i s  pase. So t h i s  c h a i n  of r e a s o n i n g  is a l s o  
a c t i n g  on t h e  c e r t a i n t y  c o n d i t i o n s  a f f e c t i n g  
t h e  lack-&-knowledge i n f e r e n c e ,  b u t  i n  t h e  
o p p o s i t e  d i r e c t  i o n  from t h e  o t h e r  
m e t a - i n f e r e n c e s  

The r u l e  f o r  a lack-of-knowledge 
i n f e r e n c e  is shown i n  t h e  t a b l e  below. It 
g e n e r a l l y  h a s  t h e  form. I f  it were t r u e ,  I 
would know a b o u t  it& f d o n ' t ,  s o  i t  must n o t  
be t r u e .  It is computed by  comparing t h e  
impor tance  l e v e l  of t h e  p r o p o s i t i o n  i n  
q u e s t i o n  a g a i n a t  t h e  d e p t h  of knowledge abou t  
t h e  c o n c e p t s  i nvo lved  ( C o l l i n s  e t  a l ,  1975; 
Gentner  & C o l l i n s ,  1978) .  



e n c e  
1) I f  aaperson would know about a proper ty  for 

a given .set i f  it were i n  a given range,  
and 

2 )  if t h e  person does no t  know about t h a t  
proper ty ,  

3) then  i n f e r  t h a t  t he  proper ty  is & i n  t h e  
given range for- t h a t  set. 

ExamDle 
If  Kissinger were 61 6w tal;l, I would know 

he is very tal l .  I don ' t ,  so he must not  be 
that t a l l .  

t i o n s  t h a t  inqgease c e r t a i n t v :  
1 ) The more important t h e  p a r t i c u l a r  s e t .  
2)  The l e s s  l i k e l y  t h e  proper ty  1s i n  t h e  

given range. 
3)  The more information s to red  about  t he  given 

set. 
4) The more similar p r o p e r t i e s  s t o r ed  about 

+-he given set. 
5) The more important t h e  given property.  
6) The more information s to red  about t h e  g iven  

property.  
7) The more similar sets s to red  t h a t  have t h e  

given property. 

The condi t ions  a f f e c t i n g  t he  c e r t a i n t y  o f  
a lack-of-knowledge in fe rence  can be 
i l l u s t r a t e d  by t h e  example i n  t he  t ab l e :  

1 )  Condition 1 r e f e r s  t o  the importance of t h e  
given set. In t h e  example Kissinger  i s  
q u i t e  important,  so one is more l i k e l y  t o  
know whether he is 6l6' than whether 
Senator John S t e n n i s  is 6' 6" f o r  example. 

2 )  Condition 2 r e f e r s  t o  the  l i ke l i hood  t h a t  
t h e  property is i n  t he  given range. 
t i k e l i h o o d  a f f e c t s  t h e  in fe rence  i n  two 
ways: low l ike l ihood ,  makes a nega t ive  
in fe rence  more c e r t a i n  a p r i o r i ,  and low 
l ike l i hood  a l s o  makes a proper ty  more 
unusual and t h e r e f o r e  more l i k e l y  t o  come 
t o  a personls  a t t e n t i o n .  For example, i t  
1s less l i k e l y  t h a t  Kissinger is T 4  2' than 
6' 6w, because 7' 2" is more unusual. If 
Kiss inger  were a ba ske tba l l  p layer ,  on t h e  
o t h e r  h ~ n d ,  h i s  being 6' 6" would not  be 
unusual a t  a l l .  

3)  Condition 3 r e l a t e s  t o  the 
depth-of-knowledge about t h e  given set .  
The more one knows about Kiss inger ,  t h e  
more c e r t a i n l y  one would know t h a t  he is 61 
6", i f  he is. 

4) Condition 4 r e l a t e s  t o  t h e  number of  
similar prope r t i e s  s t o r ed  ,about t h e  set 
(i .e.  hhe r e l a t e d n e s s  of t h e  informat ion 
known about the  set). If one knows a l o t  
about Kias ipge r f s  physical ,appearance,  one 
f e e l s  more c e r t a i n  one would know he is 
extremely t a l l ,  i f  he is. 

5) Condition 5 r e l a t e s  to t h e  importance of  
t h e  p a r t i c u l a r  proper ty .  Being extremely 
t a l l  i s n ' t  a s  important aa rnissJ.ng a l e g  
s ay ,  s o  people are more l i k e l y  t o  know i f  
Kiss inger  i,a misaing a leg. 

6) Condit ion 6 relates to  t h e  
depth-of-knowledge about  t h e  p a r t i a u l a r  
property.  For example, a person who has 
p a r t i c u l a r  e x p e r t i s e  about t h e  phys ica l  
s t a t u r e  of people is more l i k e l y  t o  know 
t h a t  Kiss inger  is extremely ta l l ,  if  he is. 

7) Conditioh '7 relates t o  t h e  number of  
s i m i l a r  sets known t o  have t h e  given 
prbper ty .  For example, i f  one knows t h a t  
Ed Muskie and Tip OwNeil we unusual ly  
t a l l ,  then one ought t o  h o w  t h a t  Kiss inger  
is unusually t a l l ,  if i n  f a c t  he is 6' 6'. - 

The i n i t i a r  p ro toco l  on co f f ee  growing i n  
t h e  Llanos i l l u s t r a t e d  two f Jnc  t i o n a l  
i n f e r e n c e s  : a func t iona l  c a l c u l a t i o n  
concerning r a i n f a l l ,  gnd a f unct tona l  analogy 
between the  Brazil ian.  savanna and t h e  Llanos. 
One of t h e  mone mmmon func t iona l  i n f e r ences  
is t h e  func t iona l  analogy. The pro toco l  I 
s e l e c t e d  t o  i l l u s t r a t e  it c o n t r a s t s  the use of 
a simple analogy and a f u n c t i o a a l  analogy. 

Q. Can a goose quack? 

BF. No, a goose - Well ,. i ts  l i k e  a duck, but 
its not a duck. - It can honk, b u t  t o  say 
it can quack. No, I t h i n k  its vocal  cordd 
a r e  b u i l t  d i f f e r e n t l y .  They have a beak 
and everything,  b u t  no, it can* t quack. 

Jlnderlvinn In fe r ences  
1 )  Simple A n a l ~ g y  ( P o s i t i v e  Evidence) 

A goose is similar t o  a duck 
A duck auacks 
Maybe a goose quacks 

2 )  Importance-Level I n e q u a l i t y  (Poss ib l e )  
I know a goose honks 

ck ina  is as i rnmr t an t  a s  honking 
Probably I would know about a goose 
quacking i f  it d i d  

3 ) Lack-of-Knowledge Infe rence  (Negative 
Egidence) ( Poss ib le )  
U o n *  t know t h a t  a goose quacks 
I would know about a goose quacking i f  j& 
d i d  (from 7 )  
Probably a goose doesnl t quack 

4 ) Negative Funct ional  Rnalogy (Negative 
Evidence) 
The sound a b i r d  makes depends on its vocal  
conds 
A gooseb is d i f f e r e n t  from a duck i n  its 
vocal cords  
A .due-wacks 
Probably a goose doesn* t quaok 

The simple analogy, which is based on a 
match O f  a l l  t h e  p r o p e r t i e s  o f  ducks and 
geese ,  l e ads  t o  t h e  pos s ib l e  conclusion t h a t  a 
goose can quack, because a duck quacks. This  
in re rence  shows up i n  t h e  r e f e r ence  t o  nits 
l i k e  a duckn and i n  t he  u n c e r t a i n t y  of t h e  
negat ive  conclusion t h e  s tuden t  is drawing. 
It is p o s i t i x e  evidence and only shows up to  
t h e .  degree it argues  a g a i n s t  t h e  gene ra l  
nega t ive  cenclusion.  



The importance-level i n e q u a l i t y  and 
laak-of-knowledge inTerence are suggested by 
t h e  sen tence  aan honk, but  to  say it can 
quack.n Were knowledge about honking sbems t o  
imply t h a t  a goose doesn' t quaok. I would 
a rgue  t h a t  sDch an i n f e rence  has  to involve  
t h e  lackrof-knowledge in fe rence ,  s i n c e  it is 
p o s s i b l e  t h a t  & goose might sometimes honk and 
sometimes quack. 

The func t iona l  analogy is apparen t  i n  t he  
concern about vocal cords ,  which t h e  s u b j e c t  
t h i n k s  a r e  t h e  h inc t iona l  de te rminants  of t h e  
sounds made. I t h i n k  t h e  sound is determined 
by t h e  l e n g t h  of t h e  neck, which is probably 
what t h e  sf ibject  was th ink ing  of. Honking may 
j u s t  be quacking resonated through a longer  
tube.  But i n  any uase,  t h e  mismatch t h e  
s u b j e c t  f i n d s  on the  r e l e v a n t  f a c t o r  l e a d s  t o  
a nega t ive  conclusion which suppor t s  t h e  
lack-of-knowledge infe rence .  

The t a b l e  shows t h e  r u l e  f o r  a func t iona l  
analogy . - 
1 )  I f  a d e p e n d e n t ~ v a r i a b l e  depends on a number 

o f  independent v a r i a b l e s ,  and 
2 )  i f  one se t  matches another  set on t h e  

independent v a r i a b l e s ,  and 
3) i f  t h e  va lue  of t h e  dependent v a r i a b l e  for 

one set is i n  a g iven  range,  
4) then d n f e r  t h a t  t he  value of the  dependent 

v a r i a b l e  f o r  t h e  o t h e r  set is i n  t h e  given 
range.  

Examr>le 
The B r a z i l i a n  savanna is l i k e  Llanos i n  

i t s  temperature ,  r a i n f a l l ,  s o i l ,  and 
vege ta t ion .  Thus, ~f the  B r a z i l i a n  savanna 
produces c o f f e e ,  then t h e  Llanos ought t o  
a1 so ,  

Condi t ions  t h a t  i nc rease  c e r t a i n t v :  
1 )  The more independent v a r i a b l e s  on which t h e  

two sets match, and the  fewer on which they 
mismatch. 

2 ) T h e  gx+eabey the  dependency on any 
independent v a r i a b l e s  on which t h e  two sets 
match, and the  less t h e  dependency on any 
independeqt v a r i a b l e s  t h a t  mismatch. 

3) The b e t t e r  the match on any independent 
v a r i a b l e  . 

4 ) T h e  g r e a t e r  t he  dependency on those 
independent v a r i a b l e s  t h a t  match b e s t .  

5) The more c e r t a i n  t h e  dependent v a r i a b l e  is 
i n  the  given range f o r  t h e  one set.  

6) The more l i k e l y  t h e  value o f  t h e  dependent 
v a r i a b l e  is in the given range a p r i o r i .  

7) The more c e r t a i n  t h e  independent v a r i a b l e s  
are in  t h e  given ranges f o r  both sets .  

I can i l l u s t r a t e  t h e  d i f f e r e n t  c e r t a i n t y  
cond i t i ons  for a func t iona l  analogy i n  terms 
of t h e  example i n  the  t a b l e .  

1 )  Condition 1 refers t o  t h e  number o f  
f a c t o r s  on which t h e  two sets match. If 
the  two reg ions  matcb only i n  dnimate 
and vege ta t ion ,  t h a t  would be less 
s t rong  evidence t h a t  they  produce t h e  
same products  than if they match on a l l  
four  v a r i a b l e s .  

2)  Condi t ion 2 refers to  t h e  degree t h e  
dependent v a r i a b l e  depends on d i f f B r e n t  
factors t h a t  match or mismatch. Coffee 
gro'WYng depends more on temperature  and 
r a i n f a l l  than on soi l  o r  vege ta t ion .  
Thus a match on t h e s e  first two factors 
makes t h e  i n fe rence  more certain than a 
match on t h e  latter two f a c t o r s .  

3) Condi t ion 3 relates to  t h e  q u a l i t y  gf 
t te  match on any f a c t o r .  The better the 
match with r e s p e c t  t o  temperature ,  
r a i n f a l l ,  etc. t h e  more c e r t a i n  t h e  
i n fe rence .  

4 )  Condi t ion 4 refers to  t h e  degree  of 
dependency on those  f a c t o r s  t h a t  match 
best. A good matoh wi th  respect t o  t h e  
r a i n f a l l  p a t t e r n  l e a d s  t o  more c e r t a i n t y  
than  a good match wi th  r e s p e c t  t o  t he  
vege ta t ion .  

5)  Condi t ion 5 r e l a t e s  to  t h e  c e r t a i n t y  
t h a t  t h e  proper ty  is i n  t h e  g iven  range 
for the first set .  The more c e r t a i n  one 
is t h a t  t he  B r a z i l i a n  savanna produces 
c o f f e e ,  t h e  more c e r t a i n  t h e  in fe rence .  

6) Condi t ion 6 relates to t h e  a p r i o r i  
l i k e l i h g o d  t h a t  t h e  proper ty  w i l l  be i n  
t h e  g iven  range.  The more l i k e l y  t h a t  
any reg ion  grows coffee, t h e  more 
c e r t a i n  t h e  i n fe rence .  

7) Condi t ion 7 relates to  t h e  c e r t a i n t y  
t h a t  t h e  f a c t o r s  are i n  t h e  given ranges  
f o r  both sets. For example, t h e  more 
c e r t a i n  t h a t  bpth savannas have t h e  same 
tempera ture ,  etc., t h e  more c e r t a i n  the 
in fe rence  . 

S ~ a t i a l  S u ~ e r ~ a r t  In fe rence  
The theory  assumes t h a t  s p a t  la1 

i n f e r e n c e s  a re  made by c o n s t r u c t i n g  an image 
o f  the  concepts  involved,  and making varxous 
canpu ta t ions  on t h a t  image ( C b l l i n s  L Warnock, 
1974; Kosslyn & Schwartz, 1977). An example 
of a s p a t i a l  i n f e rence  occurred i n  t h e  e a r l i e r  
p ro tocol  about coffee growing, when t h e  
respondent concluded t h a t  a savanna might be  
used f o r  growing coffee because he thought the  
c o f f e e  growing reg ion  around Sao Paulo might 
ove r l ap  t h e  B r a z i l i a n  savanna. This  s p a t i a l  
matching process ,  which occurs  i n  a v a r i e t y  of 
p ro toco l s ,  i nvo lves  c o n s t r u c t i n g  a s p a t i a l  
image with both concepts  i n  it, and f i n d i n g  
their  s p a t i a l  r e l a t i o n s h i p  (e.g., degree of 
over lap ,  r e l a t i v e  s i z e  o r  d i r e c t i o n )  f r a n  t h e  
cons t ruc t ed  image. 

The pro tocol  I s e l e c t e d  i l l u s t r a t e s  a 
s p a t i a l  subpar t  i n f e rence ,  t oge the r  wi th  
s e v e r a l  other s p a t i a l  and meta-inferences. 

Q. Is Texas e a s t  of S e a t t l e ?  

JB. Texas is south and east of S e a t t l e .  

Q. How d i d  you g e t  t h a t ?  

JB.  I e s s e n t i a l l y  looked a t  a v i s u a l  image o f  
the  U.S. where I remembered t h a t  Seattle 
was i n  Washington and know t h a t  its up I n  
t h e  l e f t  co rne r  and I know t h a t  Texas is 
i n  t h e  middle on t h e  bottom. Sometimes 
you get fooled by t h i n g s  l i k e  t h a t ,  l i k e  
f o r  examble Las Vegas being f u r t h e r  west 
than San Diego, This  case I th ink  we're 
O.K. 



I )  S p a t i a l  l ine  s lope  in fe renoe  
Washington is i n  upper l e f t  corner  of t h e  
U.S. 

is -dl0 bottom of U~SA 
Line  from Washington t o  Texas s lopes  east. 

? 1 Spat f al subpar t  i n f e r ence  ( P o s i t i v e  
e t  idence) 
Line from Washington t o  Texas s lopes  e a s t .  

Line from S e a t t l e  to  Texos s l o p e s  e a s t  

3 ) Me ta Analogy (Negative ev idence ) 
People are of ten  mistaken i n  th ink ing  t h a t  
Las Vegas is east of' San Diego, because 
La8 Vegas is inland and San Diego is on 
cne P a c i f i c  Coast. 
S e a t t l e ,  l i k e  San Diego, is on the  P a c i f i c  
coaa t  . 

ke Veaas. isinland. 
Mapbe I am mistaken i n  th ink ing  t h a t  Texas 
is e a s t  of S e a t t l e .  

) Funct ional  Modus Tol lens  ( P o s i t i v e  
evidence) (pos s ib l e )  
The Pacific coas t  misconception depends on 
t h e  inland plaen being nor th  of t h e  
c o a s t a l  p lace.  
S e a t t l e  is on t h e  coast. 
Texas is in land .  
i 
The P a c i f i c  coas t  misconception does n o t  
apply t o  Texas and Seattle . 
In t he  probocol t h e  s u b j e c t  c o n s t r u c t s  a 

l i n e  from Washington to  Texas f o r  t h e  purpose 
of eva lua t ing  its s lope .  The constructed l i n e  
does s lope  e a s t ,  so he answers yes. I m p l i c i t  
i n  t h i s  protocol  is a s p a t i a l  subpar t  
in fe rence  o r  s p a t i a l  deduct ion,  t h a t  S e a t t l e  
is p a r t  of Washington and the  s lope  of t h e  
l i n e  found earlier a p p l i e s  t o  S e a t t l e .  Th i s  
kind of subpar t  i n f e r ence  was found t o  show up 
i n  rwponse  time by Stevens (1976). 

The sub-j ec t b r i e f l y  reconsidered h i s  
conclusion because he thought o f  t h e  "Faci f ic 
Coast Misconception ," t h a t  people mistakenly 
t h ink  t h a t  p laces  in land  a r e  always e a s t  o f  
p l aces  on t h e  coas t .  By t h e  meta-analogy i n  
3, he i n f e r r e d  t h a t  maybe S e a t  tle-Texas was 
l i k e  San Diego-Las Vegas i n  t h a t  t he  in land  
l o c a t i o n  was west of t h e  c o a s t a l  l oca t i on .  
put t h e  s u b j e c t  ruled ou t  'the analogy by some 
in fe r ence  such a s  t h a t  shown i n  4. Actual ly ,  
t h e  func t iona l  modue t o l l e n s  i n  4 h ides  t h e  
spat ia l ,  processing that  t he  'subject  #robably 
used t o  r u l e  ou t  t he  analogy i n  3. Probably, 
he knew t h a t  t h e  reason fo r  t h e  nPacLfic Coast 
Miaconoeptionn has  l o  do with t h e  
sou theas t e r ly  s l a n t  o f  t h e  P a c i f i c  coas t .  By 
knowing t h a t ,  you can f i g u r e  ou t  t h a t  t h e  
misconception depends on the in land l o c a t i o n  
being nor th  of t he  c o a s t a l  l o c a t i o n .  I have 
f inessed  t h e  s p a t i a l  reasoning process  by 
s t a t i n g  t h a t  conclusion aa a premise i n  4 .  

The next  t a b l e  shows t h e  r u l e  for a 
s p a t i a l  superpar t  i n f e r ence  ( o r  s p a t i a l  
deduction) . 

S V  
1 )  I f  a proper ty  is i n  a g;iven mnge  f o r  some 

set, and 
2) if another  set is a subpa r t  of t h a t  set ,  
3)  t hen  i n f e r  t h a t  the  proper ty  1s i n  t h a t  

range f o r  t he  subpar t .  

GxamDle 
It is ra in ing  in 'hew England and Boston 

i i n  New Ensland, Therefore  it may be 
r a i n i n g  i n  Eoston, 

Cond-that increase certainla: 
1 )  The more c e n t r a l  t h e  subpa r t  is t o  t h e  set. 
2 )  The g r e a t e r  t he  average s p a t i a l  e x t e n t  o f  

t h e  property.  
3)  The g r e a t e r  the  d i s t a n c e  of t h e  n e a r e s t  set 

wi th  a con t r ad i c to ry  proper ty  - 
4) The g r e a t e r  the  e x t e n t  of t h e  subba r t  

wi th in  t h e  s e t .  
5)  Thg more l i k e l y  a p r i o r 1  t h a t  the  proper ty  

is i n  t h e  given range f o r  t h e  subpa r t .  
6 )  The more c e r t a i n  t h e  proper ty  is i t h e  

g iven  range f o r  the set.  

The c e r t a i n t y  cond i t i ons  can be i l l u s t r a t e d  i n  
terms of the  example i n  t h e  t a b l e :  
1)  Condit ion 1 r e l a t e s  t o  t h e  c e n t r a l i t y  of 

t h e  subpar t .  For example, i f  it 's r a i n i n g  
i n  New England it is more l i k e l y  t o  be 
r a i n i n g  i n  M a a s a c h u ~ e t t s  than Maine because 
Massachusetts  is more c e n t r a l .  

2 )  Condit ion 2 r e l a t e s  t o  whether t h e  p roper ty  
t e n d s  t o  be s p a t i a l l y  d i s t r i b u t e d  6r not .  
For example, r a i n  tends  t o  be d i s t r i b u t e d  
over  smal ler  a r e a s  than e l e c t r i c  s e r v i c e ,  
SQ it is a less certain i n f e r ence  t h a t  it 
i,s r a i n i n g  i n  Maine than  t h a t  there is 
e l e c t r i c  s e rv i ce  in  Maine, g i v e r  t h a t  t h e  
p rope r ty  a p p l i e s  te New England. 

3) Condition 3 relatea t o  t h e  d i s t a n c e  to  t h e  
n e a r e s t  concept with a c o n t r a d i c t o r y  
property.  For example, i f  you know it 's 
n o t  r a i n i n g  i n  New drunswick, t h a t  is 
s t ronge r  evi-dence a g a i n s t  it1 s r a i n i n g  i n  
Maine than i f  it 's not  r a i n i n g  i n  Montreal. 

4) Condition 4 relates to the extent of t h e  
subpar t .  For example, i f  i t l s  r a i n i n g  i n  
New England it is more l i k e l y  t o  be r a i n i n g  
i n  Rhode f s l a t ~ d  than  i n  Boston, because 
Rhode I s land  is larger. 

5)  Condition 5 relates t o  t h e  a priori 
l i ke l i hood  of t h e  proper ty .  for example, 
i f  it 's r a in ing  i n  Washington S t a t e ,  i t ' s  
more l i k e l y  t o  be r a i n i n g  i n  S e a t t l e  than  
i n  Spokane because S e a t t l e  gets more pain 
on the  average. 

6) Condition 6 r e l a t e s  t o  t he  pe raon l s  
c e r t a i n t y  t h a t  t h e  proper ty  holds  f o r  t h e  
concept.  For example, t h e  more c e r t a i n  t h e  
person is t h a t  i t  l a  r a i n i n g  i n  New 
England, t he  more c e r t a i n  t h a t  it's r a i n i n g  
i n  Boston. 

CONCLUSION 

The theory I am developing is based on 
t h e s e  and s i m i l a r  a n a l y s e s  of a l a r g e  number 
o f  human pro toco ls .  Because t h e  same 
i n f e r e n c e  types  r e c u r  i n  many d i f f e r e n t  
answers,  i t  is p o s s i b l e  t o  a b s t r a c t  t h e  
sys t ema t ip  p a t t e r n s  i n  t h e  i n f e r ences  



themselves,  and many o f  t h e  d i f f e r e n t  
c o n d i t i o n s  t h a t  arfect people 's  c e r t a i n t y  i n  
us ing  d i f f e r e n t  i n f e r e n c e  typesr  
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