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When we make a d e f i n i t e  reference t o  a th ing ,  
w e  normally make s u t e  t h a t  our  audience t 'shares" 
w i t h  u s  c e r t a i n  kilbwledge about t h a t  th ing .  To 
r e f e r  t o  a woman a s  she, t h e  woman, o r  Nancy, we 
usua l ly  have good evidence t h a t  our audience knows 
about h e r  too.  But e x a c t l y  what "shared" knowledge 
Is  requi red?  This ques t ion  is c r i t i c a l  i f  we a r e  
ever  t o  discover  haw people make o r  i n t e r p r e t  def- 
i n i t e  reference--how they- represen t  knowledge i n  
memory and consul t  i t  i n  u t t e r i n g  and i n t e r p r e t i n g  
exp res s ions l ike  &, t h e  woman, o r  Nancy. _ The ques- 
t i o n  is c r i t i c a l  i f  we a r e  ever  t o  c k a r a c t e r f z e  
t h e  mental  a rch ive  people have fo r  s t o r i n g  t h e  
f a c t s  they need t o  know f o r  d g f i n i t e  re fe rence .  
We w i l l  argue t h a t  t h i s  a r ~ h i v e  has  t o  be another  
d e t a i l e d  d i a ry ,  o r  r e f m e n c e  d i a ry ,  supplemented 
by atlases, h i s t o r i e s ,  and c e r t a i n  o t h e r  re fe rence  
t e x t s .  To make t h i s  argument, and t o  see what goes 
i n t o  t h e  archive,  w e  w i l l  examine the  p r i o r  ques- 
t i o n ,  What "shared" knowledge is requi red  f o r  def- 
i n i t e  re fe rence?  4s i t  happens, t h i s  ques t ion  
l e a d s  d i r e c t l y  t o  a puzz le  w e  w i l l  c a l l  t h e  mutual 
knowledge paradox. It is i n  t h e  s o l u t i o n  of t h i s  
puzzle  t h a t  w e  ge$ ou r  b e s t  c l u e s  a s  t o  what the  
r e f e rence  d i a r y  must be l i k e .  

The Mutual Knowledge Paradox 

Imagine t h a t  t h e r e  is a Marx b ro the r s  r e t r o -  
s p e c t i v e  on a t  t h e  l oca l '  t h e a t e r  f o r  which t h e r e  
a r e  two o r  t h r e e  movies a n igh t  f o r  s e v e r a l  even- 
ings .  Against t h i s  background consider  t h e  fo l -  
lowing scena r io  : 

Version 1. On Wednesday n igh t  Ann and Bob 
go t o  see Monkey Business. The next  morn- 
i ng  Anh meets Bob and a sks ,  "What d i d  you 
th ink  of t h e  movie?" 

What w e  are i n t e r e s t e d  i n  is Ann's d e f i n i t e  ref- 
e rence  , the movie, which she  i n ~ n d s  t o  r e f e r  t o  
MonkGy Business. What f a c t s  does Ann have t o  
a s s u r e  he r se l f  of before  she  can f e l i c i t o u s l y  
make t h i s  re fe rence?  Our i n t e r e s t  nere is in 'only 
those  f a c t s  that; are involved in-"shared" knowl- 
edge. As a first condi t ion ,  f o r  example, Ann must 
h e r s e l f  have a c e r t a i n  awareness of  onk key Busi- 
ness.  For now we w i l l  express  t h a t  awareness as - 
"knowing abdut R" (where R s t ands  f o r  t h e  r e f e r e n t  
Monkey Business).  Thus one f a c t  Ann must a s s u r e  
h e r s e l f  of i s  t h i s :  

(1) Ann knows about  R. 

But is t h i s  enough? Of course  not ,  f o r  (I) 
provides  no assurance t h a t  Bob knows about Monkey 
Business.  The way it  f a i l s  can be  made c l e a r  i n  
a v a r i a t i o n  on the  o r i g i n a l  s cena r io  t h a t  goes l i k e  
this : 

Version 2: On Wednesday n ight  Ann and Bob go 
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t o  see Monkey Busiqess,  but  n e i t h e r  knows 
t h a t  t he  o t h e r  went too. The next  morning 
Ann mee'ts Bob and asks ,  "What d id  you th ink  
of t h e  movie?" 

Although ve r s ion  2 s a t i s f i e s  condi t ion  (I), Ann 
has  c l e a r l y  made her  d e f i n i t e  r e f e rence  without  the  
r i g h t  assurances .  I f  (1) were a l l  t h a t  had t o  be 
satisfied, ve r s ion  2 would lead t o  a f e l i c i t o u s  
d e f i n i t e  reference.  Since i t  docs no t ,  w e  must 
add another  condi t ion ,  and the  ,obvious one i s  t h a t  
Ann must a l s o  a s su re  h e r s e l f  t h a t  Bob knows about: 
t h e  movie, condi t ion  (2 ) :  

(2)  Ann knows t h a t  Bob knows about R. 

(If i t  seems too s t r o n g  t o  r equ i r e  knowledge in-  
s t e a d  of b e l i e f ,  each - know can be replaced by 
be l i eve ;  without l e g i s l a t i n g  on the  argument, we 
w i l l  s t i c k  with  - know). 

A t  f i r s t ,  cond i t i ons  (1). and (2) t oge the r  seem 
enough, bu t  i t  is easy t o  show t h a t  they a r e  no t .  
Consider t h i s  ve r s ion  of t h e  o r i g i n a l  scenar io :  

Vers iop  3: On Wednesday n igh t  Ann goes t o  see 
Modliey Business,  and t h e r e  she  sees Bob. 
But he doesn ' t  see her ,  and s h e  r e a l i z e s  
t h i s .  Furthermore, she r e a l i z e s  t h a t  Bob, 
un l ike  h e r s e l f ,  might have seen A Day a t  t he  
Races and A Nigh t  a t .  t he  Opera, which are  
a l s o  showing t h a t  nigh&. The next  morhing 
Ann m e e t s  Bob and asks, "What d i d  you t h ink  
of t h e  movie?" 

$lthough Ann has  s a t i s f i e d  condi t ions  11) and (2)-- 
s h e  knows about Monkey Business and s h e  knows t h a t  
Bob knows aboue Monkey Business--she has no t  y e t  
a s su red  h e r s e l f  of enough. She cannot be  sure Bob 
won' t t ake  t h e  movie as r e f e r r i n g  t o  A Day at  t h e  
Races or A Night-at. the Opera o r  even some o t h e r  
movie. Why? Because he couldn ' t  be s u r e ,  uniquely,  
which movie she  had i n  mind t h a t  he knew about.  
Bob must know not  o n l y l b o u t  Monkey Business,  bu t  
a l s o  t h a t  Ann knows about Monkey Business,  A t  
l e a s t ,  t h i s  is something Ann must t r y  t o  a s s u r e  
h e r s e l f  of .  This l e a d s  d i r e c t l y - t o  t h e  next-  



( Ann knows t h a l  Bob knows t h a t  Ann knows 
about R. 

Vi th  cond i t ion  (3) we must eurely  have s t r o n g  
enough cond i t ions  f o r  t h e  success  of Ann's d e f i n i t e  
reference .  But t h a t  i s n ' t  so ,  a s  we can show i n  
s t i l l  another v a r i a t i o n  a n  t h e  o r i g i n a l  scenar io :  

Version 4: On Wednesday n igh t  Ann goes t o  s e e  
Monkey Business,  and t h e r e  s h e  sees Bob. A s  
she walks down t h e  aisle!, s h e  n o t i c e s  t h a t  
he  s e e s  h e r ,  but a s  she  is  about  t o  wave he 
t u r n s  and mmes t o  another p a r t  of t h e  
t h e a t e r .  So she does not b e l i e v e  t h a t  he 
r e a l i z e s  t h a t  she  has seen him. The next t  
morning Ann meets Bob and asks, "What d i d  
you t h i n k  of t h e  movie?" 

This ve r s ion  s a t i s f i e s  cond i t ions  ( I ) ,  (2 ) ,  and (3). 
Ann knows about Monkey Business; she  knows t h a t  
Bob knows about it; and she  knows t h a t  he knows 
t h a t  she knows about: it. B L * ~  Ann doesn ' t  b e l i e v e  
t h a t  he knows t h a t  she  knows t h a t  he  knows about 
i t .  Th is  p i e c e  of negat ive  knowledge should be 
enough t o  keep Ann from us ing  her  d e f i n i t e  r e f -  
erence.  What i f  Bob had gone t o  A Day a t  t h e  
Races and A Night , a t  t h e  Opera too? ,  she  should - 
ask h e r s e l f .  He might t h i n k  t h a t  whi le  he i s  s u r e  
she didn'  t s e e  him at Monkey Business, she  might 
have seen him a t  one of  t h e  o t h e r  two, I f  s o ,  she  
might be r e f e r r i n g  t o  one of t h e  o t h e r  two. H e  
couldn ' t  be su re .  According t o  Ann's reasoning,  
the re fo re ,  she must a s s u r e  h e r s e l f  of somefhing 
more--that Bob realizes t h a t  Ann r e a l i z e s  t h a t  he 
had been t o  see Monkey Business. That is, she  must 
s a t i s f y  the  fo l lowing cond i t ion  too:  

(4) Ann knows tha t  Bob knows t h a t  Ann knows 
t h a t  Bob knows about R. 

With cond i t ion  (4) i t  looks as i f  we have gone 
a r  enough ( s e e  Kempson, 1975, p. 165; Stalnaker,  
,977, p ,  137), but  can w e  be su re?  Only i f  w e  can- 

not  dream up another  v a r i a t i o n  t h a t  s a t i s f i e s  con- 
d i t i o n s  (1) through (4)  but  s t i l l  doesn ' t  work. 
Indeed, wi th  a l i t t l e  d i f f i c u l t y  , w e  can: 

Version 5: On Wednesday n igh t  Ann gdes t o  s e e  
Monkey Business and t h e r e  s h e  sees Bob and 
Charles. Because she  sits down a few rows 
i n  f r o n t  of' them, she  b e l i e v e s  t h a t  they 
see  her  t h e r e ,  bu t  because she  doesn ' t  
tu rn  around while they a r e  t h e r e ,  she  be- 
l i e v e s  t h a t  they don ' t  r e a l i z e  t h a t  she  has  
r e a l i z e d  t h a t  they have seen  h e r  t h e r e .  On 
the  way home, however, she  meets Charles,  
who t e l l s  h e r  t h a t  Bob d i d  r e a l i z e  t h a t  she  
had seen them t h e r e ,  bu t  because she  hadn ' t  
waved a t  them, Bob was c e r t a i n  t h a t  s h e  
d i d n ' t  r e a l i z e  t h a t  they had seen her  
n o t i c e  t h a t  they were t h e r e  too. The next 
morning Ann meets Bob and a s k s  him, "what 
d id  you t h i n k  of  t h e  movie?" 

Complicated as t h i s  v e r s i o n  is, we r e a l i z e  t h a t  
Ann i n  good conscience  shou ldn ' t  have made t h i s  
d e f i n i t e  r e fe rence .  Althbugh cond i t ions  (1) 
through (4) a r e  a l l  s a t i s f i e d ,  Ann should have con- 
s i d e r e d  t h i s  p o s s i b l e  reasoning on Bob's p a r t .  
What if Bob had seen A Day a t  -the Races and - A 

N i g h t , a t  the  Opera too. He might t h i n k  t h a t  she 
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had seen  him a t ,  say, A Day a t  t h e  Races and t h a t  
she thought he had seen h e r  t h e r e  too .  even though 
he hadn't,. H e  would then have reason t o  t h i n k  she  
was-referr ing t o  A Day a t  t h e  Race%, s i n c e  t o  have 
r e f e r r e d  t o  Monkey Business she would have been 
s u r e  t h a t  he knew t h a t  she  knew t h a t  he knew tha t  
she  was t h e r e  (Bob's equivalent  t o  cond i t ion  ( 4 ) ) .  
So d e s p i t e  a l l  of t h e  cond i t ions  s h e  has  a l ready  
assured h e r s e l f  o f ,  sh; must add one more: 

(5) Ann knows t h a t  Bob knows t h a t  Ann knows 
t h a t  Bob knows t h a t  Ann knows about R.  

Is c o n d i t i o n  (5) enough? Hardly. What these  
v e r s i o n s  show i s  t h a t  t h e r e  is  a' way i n  p r i n c i p l e  
of demonstrat ing t h a t  t h e  l a s t  p i e c e  bf i t e r a t e d  
knowledge is  'Tnsufficient .  The  method is t h i s .  
Corresponding t o  Ann's cond i t ion  (1) is an analo- 
gous cond i t ion  t h a t  Bob must a s s u r e  himself o bff he is t o  uniquely i d e n t i f y  t h e  r e f e r e n t  f o r  Ann s 
d e f i n i t e  r e f e r e n c e ,  and i t  is t h i s :  

(1' ) Bob knows about R. 

For Ann t o  be  s u r e  t h a t  her ~ e f e r e n c e  goes through, 
she  must put h e r s e l f  i n  Bob'k shoes ,  reason as Bob 
would, and make s u r e  t h a t  he would i d e n t i f y  t h e  
intended r e f e r e n t  uniquely. What we d i d  i n  con- 
s t r u c t i n g  v e r s i o n  2 was c r e a t e  a s c e n a r i o  i n  which 
(1) and (1') h e l d ,  but  Ann cou ldn ' t  know t h a t  (1') 
held. This  l e d  u s  t o  add cond i t ion  (2) , Ann knows 
t h a t  Bob knows about R ,  the equ iva len t  of - Ann 
knows. t h a t  (1'1. But j u s t  a s  Ann needs t o  a s s u r e  
h e r s e l f  of (2 ) ,  Bob needs t o  a s s u r e  himself of 

(2') Bob knows t h a t  Ann knows about R. 

But theh ( 2 ' )  i s  something e l s e  Ann needs to  know, 
a s  w e  showed i n  c r e a t i n g  ve rs ion  3 o f - o u r  scenar io ,  
and t h i s  l ed  t o  cond i t ion  (3) .  Corresponding t o .  
( 3 ) ,  however, i s  Bob's ( 3 ' ) ,  which we used i n  crea t -  
ing yergion 4. I n  p r i n c i p l e ,  we could use t h i s  
procedure  io c o n s t r u c t  countermanding v e r s i o n s  ad 
in f in i tum.  

The s u c c e s s i v e  ve r s ions  apd t h e  cond i t ions  they 
g ive  rise t o  e v e n t u a l l y  become absurdly  complicated, 
b u t  they do b r i n g  out  a genera l  p o i n t .  I n  p r inc i -  
ple, one must s a t i s f y  onesel f  of a n  i n f i n i t e  num- 
be r  of cond i t ions  e i t h e r  t o  make o r  t o  i r i t e rp re t  
a d e f i n i t e  r e fe rence .  Hence t h e  mutual knowledge 
paradox. I f  each cond i t ion  t a k e s  a f i n i t e  amount 
of time t o  check,  no mat te r  how small, and i f  t h e s e  
checks cannot a l l  be made i n  para l le l ' ,  then making 
o r  i n t e r p r e t i n g  a d e f i n i t e  r e f e r e n c e  l i k e  the 
movie should t a k e  an i n f i n i t e  amount of time. 

Mutual Knowledge 

I n  common par lance ,  "shared knowledge" has sev- 
eral d e f i n i t i o n s .  Ask your aunt  what i t  means f o r  
t h e  two of you t a  s h a r e  knowledge t h a t  t h e  mayor 
is an embezzler,  and s h e  would probably say,  "It 
means t h a t  you know he As an embezzler,  and t h a t  I 
do too." I£ we express  t h e  proposi . t ion t h a t  the  
mayor *s an ercbezzler as p ,  then t h e  f i r s t  d e f i n i -  
t i o n  of shared knowledge comes o u t  i i k e  t h i s :  



A and B @harel knowledge that p heuristics. 

(1) 4 lcnows that. p. 
Truncation Heuristics 

(1') 3 knows that p. 

However, she might give you a more complicated 
answer: "It means that both of us know that he is 
an embezzler, and furthermore, I know that you know 
he is, and you know that I k n o ~  he $s." This leads 
us to a second definition of shared knowledge: 

A and B sharep knowledge that p Edef. 

(1) A knows that p. 

(1') B knows that p. 

(2) A. knows that B knows that p. 

(2 t )  B k h w e  &hat A knows that p. 

Indeed, we can define a series of types of "shared" 
knowledge merely by extending the list of state- 
ments. None of these finite definitions, of 
course, descr- the "shared" knowledge required 
of Ann and Bob in her reference to Monkey Business. 
For that we need something prore. 

What is required, apparently, is the techni~al 
notion of mutual knowledge. It has been defined 
and exploited by Lewis (1969) and Schiffer (1972) 
for dealing with close cousins of the problem we 
have raised here. Mutual knowledge is Schifferl-s 
term, while Lewis' term for the same thing is com- 
mon knowledge. We have opted for Schiffer's term 
since it seems more transparent and less open t o  
miainterpretatiqn. In any case, mutual knowledge 
is defined as follows : 

A and B mutually know that p 
=def. 

(1) A knows that p. 

(1') B knows that p. 

(2) A knows that: S knows that p. 

( 2 ' )  B knows that A knowp that p. 

(3) A knows that B knows that A knows that p .  

(3') B knows that-A knows that B knows that p. 

et cetera ad infin-m. 

Heuristics for Assessing Mutual Knowlecige 

So far two conclusions seem firm. First, defi- 
nite reference requires a certain amount of mirtual 
knowledge. Other sim~ler notions of f'shared" 
knowledge will not do. Second, it is unthinkable 
that speakers and listeners assess mutual knowledge 
by working serially, statement by statement, 
through the infinity of statements that make up 
mutual knowledge. But they surely assess it some- 
how, as the first conclasFon seems to require. The 
inevitable conclusion is that they use some gort of 
heuristics. We will consider two families of such 
heurzstics--truncation heuristics and co-presence 

The stickler in assessing mutual knowkdg~ 
statements is that thete is an fnf inity of such 
statements, and that is too many to check. What if 
people checked only a few of them--like the first 
four? The task could thenbe carried out in a fin- 
ite, even short, amount of time. There would be 
errors, of course, but they would probably be 
neither very serious nor very frequent. If Ann 
has verified the statement (4) , Ann knows that Bob 
knows that Ann knows that Bob knows that.p, it is 
extremely likely, on aktuarial gtouiids, that the 
higher order statements would check out too. And 
when she does make an error, Bob will often look 
puzzled or ask for clarTfication, which will allow 
her to repair-her reference. Indeed, repairs are 
quite frequent in spontaneous speech as if speakers 
might be doing just that. So people could assess 
only a truncated @art of mutual knowledge. Heuris- 
tics of this kind will be called truncation heuris- 
tics. - 

Are these heuristics plausible as the way 
people normally assess mutual knowledge? We 
believe not. Our doubts lie in two areas. First, 
it is not easy to deal with statements as compli- 
cated as (4). rt is implausible that people check 
these statements per se. Second, the evidence 
needed to verify such statements anyway suggests a 
radically different family of heuristics. 

In vershn 4 of our movie scenario, Ann didn't 
believe that Bob knew that she knew that he knew 
about Monkey Business, a vgolation of knowledge 
statement (4). Version 4 is co~plicated. Not only 
did we haye a-hard time creating it, but people 
have a hard Zime grasping it, for it is difficult 
to keep track of who knows what. Statements like 
(4) are difficult not because of their syntactic 
form, but because they describe reciprocal rela- 
t ions be tween two people. whereas ~ohn:~ean knew 
that Nixon knew that Haldeman knew that Magruder 
knew that McCord had burgled OfBrien's office is 
fairly comprehensible, John Dean knew that .Nixon 
knew that John Dean knew that Nixon knew that 
McCord had burgled O'Brien's office is not. 
Although when we need to we can figure out fourth 
order reciprecal relations--not just the statements 
themselves, it seems highly implausible that we do 
so robrinely . 

But what counts as evidence for the truth of 
statements like (I), (Z ) ,  ( 3 ) ,  and (-415 Take 
statement (3) ,  Ann knows that Bob knows' that Ann 
knows about R. Obviously, Ann wonf t have this 
statement per .se already stored in memory. She 
doesn't go thujiucigh life creating statements like 
this for every object she or anyone elge might want 
to refer to. Rather. what she needs to verify (3) 
is a piece of evidence from which she can deduc- 
tively or inductively infer it. Imagine that she 
and Bob had gone to Monkey Business together. It 
is hard to think of better evidence than this that 
she could appeal to for the truth of (3). Of 
course, the inductive rules by which she infers (3) 
from this evidence -need to be spelled out, but 
that doean't sound impossible. 



The f a c t  that Ann and Bob eaw t h e  movie toge the r ,  
however, i s  more u s e f u l  evidence even than t h a t .  
It is a l s o  about t h e  b e s t  evidence w e  could imagine 
f o r  t h e  t r u t h  of  ( I ) ,  and of @), and of ( 4 ) ,  and 
ao on ad infini turn.  It is a p i e c e  of evidence 
t h a t  a l lows Ann, i n  one quick jump, to be s u r e  of 
t h e  t ru th  of t h e  s ta tements .  Why, then,  would. 
she want t o  check t h e  s ta tements  one by one--even 
a t runca ted  l ist  of them? She would be b e t t e r  o f f  
looking f o r  t h a t  s i n g l e  p iece  of evidence  t h a t  
could i n  p r i n c i p l e  confirm them a l l .  Indeed, t h a t  
is  t h e  foundat ion assumption of t h e  nex t  family oE 
h e u r i s t i c s  We w i l l  t ake  Up, t h e  co-presence heur is -  
tics. 

Consider t h e  fo l lowing s t r a t e g y .  When people 
make o r  i n t e r p r e t  a d e f i n i t e  r e f e r e n c e ,  they t r y  
t o  a s s u r e  themselves of mutual knowledge of t h e  
r e f e r e n t  by searching f o r  evidence of what w e  w i l l  
c a l l  t r i p l e  co-presence. This 4s evidence of a 
p a r t i c u l a r  event  i n  which the - speaker ,  l i s t e n e r ,  
and r e f e r e n t  are "co-present," i .e . ,  are "present" 
sirnultaneoualy , as when Ann, Bob, and Monkey Busi- 
ness  a r e  openly "present" toge the r  on Wednesday --- 
nigh t .  S t r a t e g i e s  l i k e  t h i s  w i l l  be c a l l e d  co- 
presence  h e u r i s t i c s .  To see how they a r e  reason- 
a b l e ,  we wilt look a t  f i r s t  p r i n c i p l e s .  

When Lewls and S c h i f f e r  h i t  on t h e  no t ion  of 
mutual knowledge, both recognized t h e  need f o r  a 
f i n i t e  means of handling t h e  i n f i n i t y  of s t a t e -  
ments. Thei r  s b l u t i o n s  were e s s e n t i a l l y  t h e  same. 
I f  A and B make c e r t a i n  assumptions about each 
o t h e r ' s  r a t i o n a l i t y ,  they can u s e  c e r t a i n  k inds  of 
evidence, o r  s t a t e s  of a f f a i r s ,  t o  i n f e r  t h a t  each 
one of t h e  i n f i n i t e  number of s t a tements  i n  mutual 
knowledge i s  t r u e .  But how? We g e t  some h i n t s  
from a concre te  i l l u s t r a t i o n  of mutual knowledge 
devised by S c h i f f e r .  

The scene: Ann and Bob are s i t t i n g  a c r o s s  a 
t a b l e  from each o t h e r ,  and t h e r e  is a s i n g l e  
candle  between them. Both are looking a t  t h e  
candle,  and bo th  see t h e  o t h e r  looking a t  i t  too.  
The p ropos i t ion  is  t h a t  t h e r e  i s  a candle on t h e  
t a b l e .  Consider t h e  scene from Ann's po in t  of 
view. Clea r ly ,  she  has d i r e c t  evidence f o r  t h e  
t r u t h  of (1): 

(1) Ann knows t h a t  p. 

But she a l s o  sees t h a t  Bob has  h i s  eyes open and 
is looking simultaneously a t  h e r  and t h e  candle .  
That  is, she  has  evidence t h a t  she and Bob are 
looking a t  each o t h e r  and the-candle  simultaneously.  
we w i l l  c a l l  t h i s  t h e  s imul tane i ty  assumption. 
Indeed, she  assumes t h a t  he is n o t  only looking a t  
he r  and t h e  candle ,  but  a l s o  a t t e n d i n g  t o  them. 
W e  w i l l  call this the a t t e n t i o n  assumption. 
F i n a l l y ,  she  assumes t h a t  Bob is normal and i n  her  
shoes he would be drawing t h e  same c o n c ~ u s i o n s  
she  is. We w i l l  c a l l  t h i s  t h e  r a t i o n a l i t y  assump- 
t ion .  But i f  Bob is a t t e n d i n g  t o  t h e  candle  and 
i s  r a t i o n a l ,  h e  has  evidence f o r  (1'): 

(I' ) Bob knows t h a t  p. 

This ,  however, i s  Arm's conclusion,  and s o  she  has 
evidence f o r  (2 ) :  

(2) Ann knows t h a t  Bob knows t h a t  p. 

But i f  Bob is r a t i o n a l ,  he w i l l  be drawing t h e  
i n f e r e n c e  t h a t  corresponds t o  hers--his equ iva len t  
of (2)--namely (2') : 

(2 ' )  Bob knows t h a t  Ann knows t h a t  p. 

Once aga in ,  t h i s  is Ann's conclusion,  and s o  she  
has  evidence fox (3) : 

(3) Ann knows t h a t  Bob knows t h a t  Ann knows 
t h a t  P, 

I n  l i k e  fash ion ,  Ann would be j u s t i f i e d  i n  i t e r a - r -  
i n g  t h i s  process through t h e  remaining knowledge 
s t a tements  (4) through inCin i ty ,  and Bob would be 
j u s t i f i e d  i n  doing the  same f o r  h i s  

So Ann h a s  reason t o  b e l i e v e  t h a t  she  and Bob 
mutually know t h a t  t h e r e  i s  a cand le  on t h e  t a b l e .  
F i t s t ,  t h e r e  is t h e  "d i rec t "  evidence.  She 
d i r e c t l y  p e r c e i v e s  t h a t  t h e r e  is a candle  oh t h e  
t a b l e  and t h a t  Bob is simultaneously looking a t  
both  he r  and the candle.  Second, t h e r e  a r e  her  
assumptions about t h e  s i t u a t i o n .  She assumes t h a t  
Bob is consciously  a t t e n d i n g  t o  h e r  and t h e  candle,  
t h a t  he is doing s o  at t h e  same time she is, and 
t h a t  h e  i s  r a t i o n a l .  The upshot i s  t h a t  ghe has  
no reason t o  b e l i e v e  t h a t  she c o u l d n ' t  confirm t h e  
knowledge s t a tements  a s  f a r  down the  l i s t  a s  she  
wanted t o  go. She is t h e r e f o r e  j u s t i f i e d  i n  claim- 
i n g  mutual knowledge. Indeed, s i n c e  nothing she 
doesn ' t  k o w  h e r s e l f  can be mutual knowledge, and 
s i n c e  she can assume Bob is  c h r o n i c a l l y  r a t i o n a l ,  
a l l  she  needs t o  do normally is s e a r c h  f o r  evidence 
df h e r  and Bob s imul taneously  a t t e n d i n g  t o  each 
o t h e r  and t h e  cand le  on t h e  t a b l e .  With t h i s  we 
have t h e  essence  of t h e  co-presence h e u r i s t i c s :  
To a s s e s s  mutual  knowledge, people sea rch  f o r  evi -  
dence of t r i p l e  co-presence--an event  i n  which A - 
and B a r e  s imul taneously  a t t e n d i n g  t o  each o t h e r  
n o t i n g  t h e  same evidence  f o r  p. I n  equat ion form: 

Co-presence + Assumptions = Mutual knowledge 

The co-presence h e u r i s t i c s  bo th  s o l v e  t h e  
mutual knowledge paradox and make i n t u i t i v e  sense .  
kJen  we a s s u r e  ourse lves  of mutual  knowledge, i t  is 
u n l i k e l y  t h a t  w e  check f o r  a series of p i e c e s  of 
evidence,  even as few as t h e  t r u n c a t i o n  h e u r i s t i c s  
might let u s  g e t  away with.  More l i k e l y ,  w e  check 
f o r  a s i n g l e  p i e c e  of evidence of j u s t  t h e  r i g h t  
kind.  The cand le  example sugges t s  t h a t  what we 
check f o r  is evidence of t r i p l e  co-presence. 

V a r i e t i e s  6f T r i p l e  Co-presence 

There are many d i f f e r e n t  k inds  of evidence 
people may u s e  f o r  t h e  t r i p l e  co-presence of t h e  
speaker ,  l i s t e n e r ,  and r e r e r e n t .  Some of these  
c o n s t i t u t e  s t r o n g  evidence f o r  t r i p l e  co-presence, 
and o t h e r s  c o n s t i t u t e  weak evidence. That is, 
some kinds r i g h t l y  g ive  people a lot  of confidence 
t h a t  t h e  r e f e r e n t  i s  mutually k n o w ,  whereas o t h e r  
k inds  do not .  A s  r e f l e c t e d  i n  aur. equa t ion ,  t h e r e  
is a trade-off  between t h e  evidence and t h e  assump- 
t i o n s .  The s t r o n g e r  t h e  evidence  is, t h e  fewer 
assumptions ate needed t o  i n f e r  mutual knowledge. 
Conversely, t h e  fewer assumptions t h a t  a r e  needed, 
t h e  s t r o n g e r  t h e  evidence is  considered t o  be. The 
s t r o n g e s t  evidence  r e q u i r e s  t h e  fewest ,  or weakest,  
assumptions-. 



The corneretane of our argument is this. The 
prototypical kind of evidence for mutual knowledge 
is physical co-presence, very much as illustrated 
in Schif fer's caridle example. It is the strongest 
possible evidence, the one requiring the fewest 
auxiliary assumptions, and all other kinds are 
weaker in one way OP another. What follows is a 
tentative classifi#tion of these varieties of 
triple co-presence, 

1. Physical co-presence. Ann, Bob, and the 
candle are an exampae par excellence of physical 
co-presence. Not ooly are the three of them phys- 
ically present together, but Ann can readily 
assume that B6b is attending to this fact, is doing 
so at the same time she is, and -i?s rational. All 
three auxiliary assumptions are necwsary. If she 
believed B6b was catatonic, or hypnotized the 
right way, or very near-sighted, for example, she 
wouldn' t want td assume physical cossresence . 
Once Ann has assured herself of the direct evidence 
and these assumptions, she is warranted in infer- 
ring mutual knowledge of the candle and can refer 
to it as the candle. 

There are two distinct types of physical co- 
presence. Ann may refer to the candle while it is 
still physically co-present with them, as in The 
candle is romantic, isn't it?* Or she may refer4to 
the candle some time after it has been co-present 
with them, as in The candie was romantic, wasn' t 
it? These two types could be called immediate - 
and delayed physical co-presence. The first kind, 
on the face of it, is the stronger evidence. When 
physical co-presence is synchronous with the def- 
inite reference, Ann can be sure that she and Bob 
mutually know about the candle at the time she is 
referring to it. She doesn't have to count on 
Bob's remembering the past incident of physical 
co-presence, as she doea in the delayed kind. 

The-assumptidns Ann would need fn order to in- 
fer mutual knowledge from immediate physical co- 
presence are these: simultaneity, attention, and 
rationality. She would need an additional one fof 
the delayed case: simultanef t;y , attention, 
rationality, and memory. Simultaneity, attention, 
and rationality refer to the assumptions we have 
described earlier. Memary refers to the addi- 
tional assumption for delayed physical co- 
presence: Ann must assume that Bob can and will 
recall the earlier incident of their physical-co- 
presence. So far so good. The stronger the evi- 
dence, the fewer assumptions Ann needs in order to 
make her definite reference. Immediate physical 
co-presence has one fewer requirement than delayed 
physical co-presence . 

2. Linguistic co-presence. Many rhings we 
refer to have never been physically co-present. 
They-are often things we or someone else has men- 
tioned in convarsation. Imagine Ann saying to Bob 
I bought a candle yesterday. Her utterance of 5 
candle is a locutionary act that posits for Bob the 
exhtence of a particular- candle in the real world. 
If Bob hears and underdtands a candle correctly, 
he knows abopt the candle's existence at the very 
same time as she posits it. It is as if Ann has 
placed the candle on the stage before the t w 6  of 
them so that it would be physically co-present. 
So when Ann utters a candle and Bob simultaneously 

understande it, the two of them can be said t o  be- 6 3  
in the linguistic co-presence of the ca~dle. Once 
Ann has established this, of course, she cari make 
a definite reference to it, as in The - pandle cost 
me plenty. 

Linguistic co-presence is weaker evidence for 
mutual knowledge than physical co-presence. Seeing 
ib believing--hearing about something isn't. To 
begin with, linguistic co-presence requires the 
assumptions of simultaneity, attention, and ration- 
ality. Ann and Bob must be attendieg to Ann's 
utterance af a candle stmultaneously, and both 
must be rat5onal. And l i k e  delayed physical  cow 
presence, linguistic co-preaence requires memry . 
For Ann to refer tb the candle, she ha8 to count 
on Bob's tecalling the earlier ipcident of linguis- 
tic co-presence with her uttering of a candle. 
But there is an additional assumption we wila call 
understandability. Ann must assume that Bab will 
penetrate her indefinite reference, a candle, and 
understand thac she is sincerely positing the 
candle's existence. She must assume that Bob 
understands her, and he must assume that she be- 
lieves he does. 

3. ,Indirect co-presence. Imagine Ann saying 
to Bob I bought a candle yesterday; the wick is 
made of cotton. In uttering a candle Arin has 
established the linguistic co-presence of him, her, 
and the candle, but-ndt of him, her, and the wick. 
How, then, can she refer to the wick? She has ta 
assume that when Bob accepts the existence of the 
candle, he wili also accept the existence of its 
wkck. This way, by uttering a candle; Ann has 
established what we will call the indirect co- 
presence of her, Bob, and the wick. 

The inferences required in indirect co-presenc~ 
are often much stronger than those needed for wick 
(see Clark, 1977; Clark & Naviland, 1977). Ann 
can refer to something that is only libely to 
be associated with a thing she has already estab- 
lished, or-even only possibly associated with it. 
She can tell Bob: I bought a candle yesterday, 
but the wrapper was torn; or I bought a candle yes- 
terday, an4 the hayberry smelled great. Candles 
don' t necessarily ' come in wrappers nor are they 
often made of bayberries, yet these are parts she 
expects Bob to infer on the basis of her definite 
references to them. So what is established may be 
only the likelihood or possibility of a thing being 
co-present with the speaker and listener. Its 
certain existence is established only with the def- 
inite reference itself. 

Indirect co-presence is parasitic. It has to 
be established via some other type of co-presence-- 
for example, physical or linguistic-co-presence. 
Before Ann can say The pric,e was $3 of a candle, 
she must .already have established the candle's 
co-presence. She and Bob couAd be looking at it, 
for physical co-presence, or she could have just 
mentioned it, for linguistic co-presence. For the 
moment we will assume that indirect co-presence 
is always established via either physical or lin- 
guis tic co-presence . 

There is both a strong and a weak case or-in- 
direct co-presence. Instead of saying The price 
waB S3, Ann could have said The price of the candle 



was $3, providing a much more c e r t a i n  reference.  
She wcrtlld have made it e x p l i c i t t h d t  t h e  p r i ce  
r e f e r r ed  t o  i s  t h a t  of t h e  candle and no t  of 
something e l se .  Bob would then have had no t rouble  
i n f e r r i n g  t h a t  t he re  was one hnd only one p r i c e  
associated with t h e  candle. They both could then 
assume t h a t  they mutually knew about t h e  pr ice .  
This case may be s o  d i r e c t  t h a t  it aught t o  be 
placed i n  a separa te  category. For now w e  w i l l  
t r e a t  i t  a s  a v W y  s t rong  kind of i n d i r e c t  co- 
presence. 

To i n f e r  mutual knowledge from i n d i r e c t  co- 
presence, Ann and Bob need a l l  the  assumptions 
o f  physical  o r  l i n g u i s t i c  co-presence, whichever 
is the  p a r a s i t e ' s  hos t ,  p lus  one we w i l l  c a l l  
a s s ~ c i a t i v i t ~ .  They have t o  assume t h a t  each othef 
i s  capable of en t e r t a in ing  the c e r t a i n t y ,  l i k e l i -  
hood, o r  p o s s i b i l i t y  of a p a r t i c u l a r  p a r t  o r  r o l e  
being associated with the  th ing  whose ca-presence 
has already been es tab l i shed .  The hierarchy st i l l  
works a s  expected. I n d i r e c t  co-presence, because 
of its added assumption, is weaker evidence f o r  
mutual knowledge than e i t h e r  physical  o r  l i n g u i s t i c  
to-presence, 

4.. Cul tu ra l  co-presence. Even when Ann is not 
acquainted with Bob, she can assume the re  a r e  par- 
t i c u l a r s  t h e  two of them tnutually know. The bas ic  
idea  is  t h a t  t he re  a r e  th ings  everyone i n  a cul- 
t u r e  knows about. She reads  newspapers, and so  
does everyone else i n  her  cu l tu re .  So Bob and she 
can mutually assume t h a t  they bbth read newspapers. 
Ann can then take  t he  f a c t  t h a t  John Dean, Michael 
Doonesbury, and B i l l y  Jean King have been promi- 
nen t ly  mentioned i n  t h e  newspaper a5 good evidence 
t h a t  she and Bob mutually know about these  people. 
This is an ins tance  of what w e  w i l l  c a l l  c u l t u r a l  
co-presence. Cer ta in  p a r t i c u l a r s  a r e  assumed t o  
be  universal ly  known i n  a c u l t u r a l  milieu--they 
a r e  c u l t u r a l l y  co-present f o r  everyone i n  tt-- 
and t h a t  is taken a s  evidefice t h a t  everyone i n  t he  
mil ieu knows about them. 

The t r i c k ,  d f  course, is t o  judge c u l t u r a l  m i l -  
ieus .  Ann may th ink  t h a t  she and Bob mutually 
r e a l i z e  t h a t  they a r e  both high school graduates,  
o r  drug dea le rs ,  o r  nineteenth century h i s to ry  
buf fs ,  o r  New Yorkers, o r  telephone opera tors ,  o r  
some combination of these,  and her assumptions 
about c u l t u r a l  co-presence w i l l  change accordingly. 
I f  her assessments are accurpte,  her  d e f i n i t e  
reference i s  l i k e l y  t o  succeed, and i f  no t ,  i t  
i sn '  t. 

Cul tura l  co-presence doesn' t  appear t o  belong 
t o  the  same hierarchy a s  the  previous t h r ee  types 
of co-presence. For one thing,  i t  i s  r e l a t i v e l y  
permanent, whereas t h e  o ther  t h r ee  are r e l a t i v e l y  
t rans i to ry .  Cul tura l ly  known p a r t i c u l a r s  take 
t i m e  t o  become f ami l i a r  and t o  l o se  f ami l i a r i t y .  
Teddy Roosevelt is f ami l i a r  t o  Americans today, 
j u s t  as he was 75 years- ago. P a r t i c u l a r s  known by 
physical ,  l i n g u i s t i c ,  o r  i n d i r e c t  co-presence have 
o ~ l y  Eleeting f a m i l i a r i t y  and then only t o  s p e c i f i c  
p a i r s  of people. M~tual~knowledge about these  
p a r t i c u l a r s  is e a s i l y  es tab l i shed ,  but  a l s o  e a s i l y  
l o s t .  For another th ing,  c u l t u r a l  co-presence i s  
p a r a s i t i c  on o the r  forms of mutual knowledge. For 
Ann t o  e s t a b l i s h  t h a t  she and Bob mutually know 
t h a t  they belong t o  t he  same c u l t u r a l  subgroup, 

she must f i n d  evidence of t r i p l e  co-presence sf 
t h a t  f a c t .  She might e s t a b l i s h  i t ,  f o r  example, - 
through l i n g u i s t i c  co-presence, a s  i n ,  What do  you 
know--we're-both New Yorkers. 

To i n f e r  mutual knowledge from c u l t u r a l  co- 
presence, there fore ,  people need assumptions t h a t  
a r e  not comparable wi th  those of t he  o the r  th ree  
typos. Take Ann's re fe rence  t o  Hoover Tower i n  a 
convelsation with Bob. F i r s t , . s h e  must assume 
t h a t  she and Bob mutually know t h a t  they belong 
t o  a p a r t i c u l a r  c u l t u r a l  subgroup, say Stanford 
Universi ty s tudents .  We w i l l  c a l l  t h i s  assumption 
c u l t u r a l  membership. How Ann j u s t i f i e s  t h i s  
assumption, however, w i l l  not  be simple. Like 
o t h e r  types of mutual knowledge, i t  must be based 
on evidence of some kind of co-presence. Second, 
she must assume t h a t  v i r t u a l l y  everyone i n  t h i s  
c u l t u r a l  mil ieu t akes  it f o r  granted t h a t  they a i l  
know about Hoover Tower. We w i l l  c a l l  t h i s  assump- 
t i o n  un ive r sa l i t y  of knowledge. The pauci ty  of 
these  assumptions should not foo l  us i n r o  thinking 
ehat c u l t u r a l  co-presence is  s t rong ,  for  they,hide 
a tang le  of complex j u s t i f i c a t i o n s  based on other  
pieces  of evidence and a t h e r  assumptions. I t  is 
bes t  t o  t r e a t  c u l t u r a l  co-presence as incommensu- 
r a t e  with t he  o the r  three .  

With c u l t u r a l  GO-presence w e  have come t o  t h e  
l a s t  of t h e  major k inds  of co-presence. Not every 
kind of evidence for7mutua l  knowledge, however, 
can be nea t ly  c l a s s i f i e d  a s  one of these  four  
types.  Some appear t o  requi re  a complex combina- 
t i o n  of them, and no t  surpr i s ing ly ,  they provide 
i n t u i t i v e l y  weaker evidence f o r  mutual knowledge. 

Reference Diar ies  

If people assess mutual knowledge via t r i p l e  
co-presence, they must have a memory f u l l  of f a c t s  
about t r i p l e  co-presence. What do these  f a c t s  
look l i k e ?  How a r e  they represented? How a r e  
they asdesSed? I f  mutual knowledge is c r i t i c a l  
t o  def i f i i t e  reference--as we have suggested--then 
quest ions  l i k e  these  ought t o  be c e n t r a l  t o  any 
theory of speaking, l i s t e n i n g ,  o r  memory. Indeed, 
t h e  arguments we have offered lead t o  a r a t h e r  pro- 
vocat ive  conception of memory represen ta t ion  and 
ntemory search.  It is provocative i n ,  t h a t  some of 
i ts  c r i t i c a l  p rope r t i e s  a r e  absent from most CUP- 
r e n t  models of comprehension and memory. 

Most i nves t i ga to r s  have assumed t h a t  i n  pro- 
cess ing  d e f i n i t e  re fe rence  People search memory 
f o r  t h e  p a r t i c u l a r s  a c t u a l l y  re fe r red  to.  Take 
Ann's reference t o  Monkey Business* On hear ing 
t h i s  Bob would search  memory f o r  a r e f e r e n t i a l  
index t o  t he  intended r e f e r en t  Monkey Business. 
This  index is a stand-in,  so  t o  speak, f o r  t he  
movie i t s e l f .  Although t h e  current  models of 
comprehension d i f f e r  i n  t h e i r  spec i f i c s ,  v i r t u a l l y  
a l l  of them assume t h i s  kind of search f o r t h e  
intended r e f e r en t .  That includes Anderson (1976), 
Clark and Haviland (1977), Kintsch (1974), Rumel- 
h a r t ,  Lindsay, and Norman (1972), Schank and 
Abelson (1977), and Winograd (1972), t o  name j u s t  
a few. 

But i f  people use some kind of co-presence 
h e u r i s t i c s ,  then a l l  of these  models a r e  incor- 
rect--or a t  l e a s t  incomplete. The point  is  t h a t  



Bob cannot search memory for the referent alone. 
That would hardly guarantee that it was mutually 
known to him and Ann, as it must be for her refer- 
ence to be legitimate. Rather, he must search Ebr 
an event that involves not only the referent but 
also Ahn and him. That is, it must be an event of 
triple co-presence--of physical, linguistic, 
indirect, or cultural co-presence, or of some com- 
binati~n of these four types. In none of the cur- 
rent models just mentioned does the listener search 
for such an event. 

Previous models of comprehension have treated 
search t?rrough-memory as if it kere a search 
through a telephone book. In a definite reference 
like the man in thered shirt we are told the name 
and address af the individual we want to get hold 
of. Our ta3k is to search the telephone book for 
his number, our direct connection to him, his ref- 
erential index. With the co-presence heuristics-, 
memory must be more like a diary, more like the 
personal log Nixon kept of everything he did and 
experienced during his years at the White House. 
As before, in the man in the fed shirt we are told 
the name and address of the indi9idual we want to 
get hold of. But to find him we must search our 
diary for an entry that provides evidence of the 
co-presence of the speaker (say, Gertrude), us, 
and an individual of that description. The diary 
entry must show that we were physically or linguis- 
tically co-present, or that we were co-present in 
some other sense. That is, we must search in every 
case for an event. This 1s-far more complicated 
tharr searching the telephone book, with or without 
yellow pages, for the hight number. 

The diary, of course, cannot be used alone. We 
also need histories and atlases to refer to John 
Dean, the Second Worfd War, the decline and fall 
of the Roman Empire, and Ch-ina, particulars that 
are culturally co-present. And for indirect CU- 
presence we will also need texts on science, med- 
icine, engineering, and law. To know that candles 
have wicks we need to look up facts about the 
engineering of candles. 

What we need, in summary, is a diary of the sig- 
nificant events in our own personal experience, 
supplemented by cultural histories and. atlases 
for cultural co-presence and by various reference 
texts for indirect co-presence. Such a diary cori- 
tains a record of the events we will need for 
assessing co-presence. Anything less than a diary 
will be too little. 

Footnote 

I 
This paper is an abbreviated version of 

"Definite reference and mutual knuw4edge," pre- 
sented at the Sloan Workshop on Computational 
Aspects of Linguistic Structure and Discourse 
Setting, University of Pennsylvania, May 1978. 
We thank Eve V. Clark for her helpful comments on 
the manuscript. 
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