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Most e x i s t i n g computer systems Use 
representat ions that have meaning to t h e i r 
designers, but do not stand in any r e l a t i o n s h i p to 
t h e i r intended meaning whereby one could say that 
they had that meaning to the machine i t s e l f . I 
w i l l be concerned here w i th the quest ion of when 
symbols*actual ly have meaning to the machine. This 
quest ion presupposes the answer to a p r i o r 
quest ion: why should one maintain a d i s t i n c t i o n 
between the meaning of a symbol and ru les that 
simply imply i t s a p p l i c a b i l i t y o r i n a p p l i c a b i l i t y ? 
I w i l l attempt f i r s t to answer t h i s quest ion , from 
which an answer to the former w i l l f o l l o w . 
B r i e f l y , I w i l l argue tha t the d i s t i n c t i o n is 
necessary in order f o r a system to make proper 
adjustments to i t s knowledge base as a r esu l t of 
experience. 

In a previous work [ 1 ] , I have argued that the 
meaning of a symbol resides in an abs t rac t 
procedure, not necessar i ly executable, l i n k i n g the 
symbolic expression to the physical world through 
the (computat ional / i n f e r e n t i a l ) operat ions of a 
physical i n t e r p r e t e r operat ing on a combination of 
i n t e r n a l representat ions and sensory/motor 
connections to the wor ld . Moreover, I argued tha t 
t h i s meaning s p e c i f i c a t i o n ( the meaning func t ion ) 
is d i s t i n c t from the procedures tha t one o r d i n a r i l y 
uses to conclude the t r u t h of a desc r i p t i on in 
everyday s i t u a t i o n s ( the recogn i t i on f u n c t i o n s ) . 

I w i l l assume here that both meaning and 
recogn i t i on func t ions can be represented by 
c o l l e c t i o n s of ru les of the form "p impl ies q' ' , 
provided tha t a d i s t i n c t i o n is maintained by the 
system between those ru les that i t appl ies as part 
of the meaning ( i . e . , "meaning pos tu la tes" ) and 
other imp l i ca t i ons between symbols (which I w i l l 
r e fe r to as hypotheses). 

If a system is to t r y to develop a model of the 
world in which i t operates, then i t needs to record 
ru les of the form "p imp l ies qn where, in the 
simplest case, p denotes some observable a t t r i b u t e 
of the world and q denotes some other observable 
a t t r i b u t e . The u t i l i t y of such a ru le l i e s in the 

I w i l l use the word "symbol" here as a generic 
f o r the e n t i r e c lass of symbolic expressions used 
by the system, i nc lud ing des ignat ing expressions, 
p red ica tes , p ropos i t i ons , e t c . 

a b i l i t y to conclude q wi thout ac tua l l y perce iv ing 
i t . Let us c a l l p a sensory symbol ( f o r a system) 
i f there are processes in the world that 
( phys i ca l l y ) cause the system to conclude p or to 
conclude not p. I w i l l take the physical processes 
which operate in t h i s way as determining the 
meanings of such sensory symbols. 

A system w i th no sensory symbols could not be 
expected to acquire a model of the world except 
through the i n t e r ven t i on of an externa l agent 
( i . e . , a programmer). In t h i s case the meanings of 
i t s symbols would reside so le l y in the head of the 
programmer, and the system would be open to 
d i f f e r e n t i n t e r p r e t a t i o n s by d i f f e r e n t ex te rna l 
observers, however cons is tent i t s i n t e r n a l 
operat ions were w i th some p a r t i c u l a r 
i n t e r p r e t a t i o n . 

Consider a system that has both sensory and 
nonsensory symbols and tha t hypothesizes ru les of 
the form "p impl ies q" under some circumstances. A 
va l ida ted hypothesis "p Impl ies q" is useful to the 
extent that one knows under what cond i t ions to 
invoke the hypothesis ( i . e . , one knows the meaning 
of p) and one knows what claims are being made 
thereby ( i . e . , one knows the meaning of q ) . 
Moreover, in order to determine the v a l i d i t y of the 
hypothesis, one needs to be able to determine the 
t r u t h and f a l s i t y of p and q in most circumstances. 

Suppose that t h i s system encounters a v i o l a t i o n 
to a pai r of ru les "p impl ies q" and "q impl ies r" 
by perce iv ing that p is t rue and r is no t . I f q is 
a sensory symbol and i t s t r u t h can be determined by 
percept ion in the s i t u a t i o n in ques t ion , then the 
appropr ia te response is simple — e i t h e r the "p 
impl ies q" ru le or the "q imp l ies r" ru le should be 
modi f ied , depending on whether q is fa l se or t r ue . 
If q Is not a sensory symbol, the system needs some 
c r i t e r i o n to decide which of the two ru les to 
modify. Since one r u l e imp l ies q is t r u e , whi le 
the other imp l ies i t is f a l s e , what the symbol q 
means ( e i t h e r to the system or to an ex te rna l 
agent) becomes important at t h i s point in decid ing 
what to g ive up. 

To c la im tha t the symbols in a machine have 
meaning is to c la im tha t above and beyond the ru les 
and procedures tha t lead them to be deduced by the 
system, there is some f u r t h e r c la im about the s ta te 
of the world tha t is being made by v i r t u e of such a 
deduct ion. That i s , regardless of one's reasons 
fo r be l i ev i ng p, there is some cla im about the 
world tha t p makes, which may be e i t he r t rue or 
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f a l s e . Without such a d i s t i n c t i o n , a system would 
be unable to formulate a p r e d i c t i v e model of i t s 
wor ld , and could at best keep a record of i t s 
experiences; no deduction tha t it made could ever 
c la im anything more than that it had made the 
deduct ion. 

One of the main bene f i t s from having a not ion of 
the c la im made about the wor ld by a symbol ( i . e . , 
i t s meaning) is tha t i f one encounters a sequence 
of deductions from some sensory symbol p to some 
sensory symbol q, whi le perce iv ing that p is t rue 
and q is f a l s e , then one can attempt to l o c a l i z e 
the erroneous ru l e by examining the t r u t h of the 
in termediate symbols invo lved in the deduct ion. In 
p a r t i c u l a r i f some in termedia te symbol s is 
determined to be t rue (by v i r t u e of i t s meaning) 
then the deduct ion leading from p to s may be l e f t 
i n t a c t and a t t e n t i o n d i rec ted to f i n d i n g the e r r o r 
in the deduct ion from s to q (and conversely if s 
is determined to be f a l s e ) . 

Without some such c r i t e r i o n f o r l o c a l i z i n g the 
e r r o r , any one of the in termediate ru les could be 
changed to e l im ina te the inconsis tency in the 
momentary s i t u a t i o n , but w i t h l i t t l e confidence o f 
the e f f e c t on other hypotheses (perhaps already 
s t rong ly v e r i f i e d ) . That i s , i t would be 
inappropr ia te to change the meaning ru les (and 
thereby the meaning) of any of the symbols already 
invo lved i n p a r t i a l l y v e r i f i e d hypotheses, thereby 
changing the c la im made by those hypotheses and 
e i t h e r i n v a l i d a t i n g them or weakening t h e i r 
previous v a l i d a t i o n . 

One can imagine s i t u a t i o n s in which the minimal 
change to an e n t i r e b e l i e f system in order to b r i ng 
i t i n t o l i n e w i t h some body o f observat ions is to 
make a change in the meaning of some symbol, 
thereby e l i m i n a t i n g inaccurac ies i n , o r increas ing 
the coverage o f , e x i s t i n g hypotheses. However, 
such a change would have to come from a complex 
ana lys is of a large po r t i on of the system's 
knowledge base. This would be a revo lu t i ona ry 
ra ther than evo lu t ionary mod i f i ca t i on and would not 
be an appropr ia te mechanism f o r performing r o u t i n e , 
incremental mod i f i ca t ions to knowledge. 

I f one considers such mod i f i ca t i ons in an 
i n t e r n a l language of thought, coupled to symbols in 
the ex te rna l vocabulary by connections tha t can 
themselves be learned and mod i f i ed , then any such 
revo lu t i ona ry change could a lso be e f fec ted w i t h no 
changes in the meanings of i n t e r n a l symbols by 
merely moving the a f fec ted hypotheses (and 
appropr ia te ex te rna l symbols) to new ( i n t e r n a l ) 
symbols w i t h the desired meanings ra ther than 
changing the meanings of the o ld ones. Thus, in 
the i n t e r n a l language there appears to be no need 
to ever change the meaning of a symbol. 

An obvious ques t ion , at t h i s p o i n t , is whether 
an ana lys is along the above l i n e s can apply to 
na tu ra l k ind terms as we l l as to terms w i t h obvious 
necessary and s u f f i c i e n t cond i t i ons . I be l ieve 
that t h i s is the case, a l though the s to ry now 
becomes a l i t t l e more complex. In t h i s case, the 
quest ion of i n t e r e s t about the meaning of a symbol 
has to do w i t h what na tu ra l k ind the system has got 
hold of when it forms a hypothes is . ( I n general a 

s a t i s f a c t o r y account of na tura l k inds must a l low 
the meaning ru les to leave "gaps" in which the 
system has no i n t e n t i o n s as to whether some 
hypo the t i ca l s i t u a t i o n embodies an instance of a 
symbol or no t , and must permit meanings to be 
extended in c e r t a i n circumstances by narrowing the 
gap — see [ 1 ] f o r f u r t h e r d iscuss ion . ) 

Consider the hypothesis "snakes are harmless" 
expressed in New England, where there are v i r t u a l l y 
no poisonous snakes. One may ask whether the 
meaning of the i n t e r n a l symbol fo r snakes in t h i s 
case re fe r s to only (nonpoisonous) snakes of the 
k ind tha t l i v e in New England, or to a l l k inds of 
snakes. (I assume tha t both these classes are 
na tura l k i n d s ) . The answer, I would argue, depends 
on the i n t e n t i o n s of the person when the concept 
snake was formulated and the preservat ion of those 
i n t e n t i o n s in the meaning ru les f o r the symbol 
( i . e . , whether the scope of the meaning ru les was 
s u f f i c i e n t l y broad to cover a l l snakes or inc luded 
enough s p e c i f i c cha rac te r i za t i on of the range of 
snakes experienced to r u l e out the poisonous kinds 
tha t e x i s t elsewhere). 

Once again , the meaning intended and encoded in 
the meaning ru les w i l l determine the reac t ion to 
encounter ing an anomalous s i t u a t i o n — in t h i s 
case, whether to a t tach the ex te rna l word ''snake'' 
to a new i n t e r n a l concept which inc ludes poisonous 
snakes, or to subc lass i fy the the i n t e r n a l concept 
and move the "snakes are harmless" hypothesis to a 
more s p e c i f i c subclass. 

If we take the above s i m p l i f i e d s to ry as the 
reason fo r mainta in ing a d i s t i n c t i o n between the 
meaning of a symbol and a mere c o l l e c t i o n of 
cond i t ions tha t imply i t o r tha t i t imp l i es , then 
i t f o l l ows tha t f o r symbols to have meaning to a 
system, there must be sensory symbols to which the 
nonsensory symbols are re la ted by a d is t ingu ished 
set of meaning ru les or some equiva lent mechanism. 
These ru les together w i t h t h e i r i n t e r p r e t e r and the 
physica l processes tha t govern the senses determine 
the meanings of the system's symbols. 

By t h i s account, a system that read s t o r i e s and 
answered quest ions about them, based so le l y on the 
manipulat ion of i n t e r n a l representat ions w i t h no 
e x p e r i e n t i a l base, would, from i t s own perspect ive , 
be manipulat ing meaningless symbols. S i m i l a r l y a 
pocket ca l cu l a to r would be a manipulator of symbols 
whose meanings were e x t e r n a l l y a t t r i b u t e d (even 
though i t s i n t e r n a l s t r uc tu re does f a i t h f u l l y model 
the intended i n t e r p r e t a t i o n ) . On the other hand, a 
simple robot creature w i t h p r i m i t i v e percept ions 
can be said to have meanings f o r i t s symbols tha t 
are not e x t e r n a l l y imposed i f i t s symbols are t i e d 
to those percept ions by some d is t ingu ished 
mechanism equ iva lent to meaning r u l e s . 
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