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Deterrence, Observability and Awareness

Gracovro BoxaxNo x

A simple example is used to analyze the issue o./ imper./'ect obseruability
oJ' commitment and to highlight the following phenomenon: w,hen a
player ha.s the option of taking - at a cost - a (potentially) deterring

action, .she is less likely to do so against an opponent w*ho is aware oJ'
the auailability o/' thi,s option than against an opponent v,ho is nol
aware.

l .  Introduction

We consider a simple deterrence game between two players, the Incumbent
and the Potential Intruder. The Incumbent decides whether or not to take a
costly act ion which - i f  observed by the Potential Intruder - wi l l  deter him
from taking an "aggressive " act ionr. For ease of exposit ion we shal l  refer to
the Incumbent's costly act ion as commitment 2. We focus attention on the case
where payoffs are such that commitment would indeed be chosen by the
Incumbent i f  i t  were perfect ly observable.

When the incumbent's act ion is observed with probabil i ty less than 1, we
can envision two situations. In one, which we cal l  the Aware Potential Intruder
case, the Potential Intruder is aware of the possibi l i ty of commitment, whether
or not he actual ly observes i t .  In the other situation, cal led the Unau,are
Potential Intruder case, the Potential Intruder is initially unaware of the
availabi l i ty of commitment and becomes aware of i t  only i f  he actual ly observes
the Incumbent's act ion. We prove the somewhat counterintuit ive result that the
Incumbent is /ess l ikely to commit i f  she faces a Potential Intruder who is aware
of the possibi l i ty of commitment. The reason is as fol lows. A Potential Intruder
who is aware of the possibi l i ty of commitment wil l  tend to be more cautious.
This fact enables the Incumbent to "f tee r ide" on the opponent's caution and
avoid taking a costly act ion. In other words, the mere auailabi l i ty o. l '  com-
mitment has a deterrent effbcl on an opponent who is av)are of it and, as u

* University of Cali fornia, Department of Economics, Davis, CA 95616 - U.S.A. I  am grateful to
Yossi Greenberg and an anonymous referee for very helpful comments.

I Throughout the paper I shall speak of the Incumbent as female and the Potential Intruder as male.
2 This term may not be entirely appropriate since the Incumbent is the f irst-mover and, therefore,

al l  her choices could be label led as "commitment". However, in general,  a deterr ing action does

have thc nature of a commitment in that i t  ei ther reduces the options avai lable to the Incumbent

later on or i t  al tcrs the Incumbent's incentivcs to choose amons dif lerent ootions.
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consaquencc, the need to commit is reduced We also show that both players

are better off  in the situation where the Potential Intruder is aware of the

poss ib i l i t y  o f  commi tmen t .
Ben Porath and Dekel  (1989)  and van Damme (1989)  have shown that  the

mere avai labi l i ty of choices, without their actual use, may affect the outcome

of a game r. Thus they highl ight a dif ferent phenomenon to ours, namely that

( i f  the opponent is rat ional) the mere fact that an action is avai lable may makc

it unnecessary to use i t .  We, on the other hand, bring to l ight the issue of

awareness and show how the opponent's awareness (or lack of i t)  conccrning

the ava i lab i l i ty  o f  cer ta in  cho ices,  may in f luence the behav ior  o f  a  p layer  in  a

coun te r i n tu i t i ve  wav  r .

2. The morJel

There are two players, the Incumbent and the Potential Intruder. The

Incumbent  has to  dec ide whether  or  not  to  take a cost ly  pre-empt ive act ion,

Tab le  I

I t  i s a s s u m c d t h a t  a l  ) a 3  ) a z 1  ) a 2  a n d  b +  > b t  : b :  > b : .

Outcome
Uti l i ty  of  Ut i l i ty  of

Incumbent Potential lntruder

Ttt o-.s id ed p as.s i r: i h'

( lncumbent :  no  ac t ion

lntruder: no action)

b l

U tt.vrtt't c s.v f il I o tt e mp I

to deter

( lncumbent :  ac t ion

Intruder: act ion)

L

Suct'e.s.s lill d eterre nce

( lncumbent :  ac t ion

Intruder: no action)

b j

A(qu tes('c tlc(

( lncumbcnt :  no  ac t ion

In t ruder :  ac t ion)

b r

I For example, i f  the Batt le of the Sexes game is rnodif led by adding an init ial  stage where player

I  i s  g ivcn  the  op t ion  o f  burn ing  some "u t i l s " .  then the  un ique " ra t iona l "  ou tcomc tu rns  ou t  to  bc  the

Nash cqui l ibr ium outcome of the Batt le of the Sexes which is most preferrcd by player l .  [B-v
"rat ional" outcome we mean the outcome obtained by i tcrat ive delet ion of weakly dominated

s t ra teg ics ;  hence i t  i s  a lso  the  un ique s tab le  ou tcome in  the  sense o f  Koh lberg  and Mcr tens  (1986)1 .

Furthcrmore. this outcome is obtained without any necd lor player I  to actual ly take the costly act ion

of  burn ing  some u t i l s .
a In the papers by Ben Porath and Dckel (1989) and van Damme (1989) the lact that each plal,er

is aware of the choices avai lablc to thc other playcr is implici t ly assumed (i t  is a consequence of the

assumption that the structure of the garne is common knowledge among the players). There is no

comparison between a situation whcre one player is aware of something and a situation whcre he is not.
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while the Potential Intruder must decide whether or not to take an "aggressive"

action. Thus there are four possible outcomes:

1) Two-sided passiuity: neither player takes the respective action;

2) Llnsuccessful attempt to deter: both players take their actions;

3) Successful deterrence'. the Incumbent takes the pre-emptive action, the

Potential Intruder does not act;

4) Acquiescence: the Incumbent does not act, the Potential Intruder takes

the aggressive action.

Table 1 shows the four outcomes and the corresponding utilities for the two

players.
We shall make the following assumptions about the Potential Intruder's

p re fe rences :  b4  >  b l  :  b :  >  bz '  Tha t  i s ,

(i) if the Potential lntruder is passive, he does not care whether the

Incumbent did or did not take the pre-emptive action 1b r :  b 3)i

( i i )  i f  the Incumbent takes the pre-emptive action, then the Potential

Intruder prefers not to act (b , > b 2),

( i i i )  the Potential Intruder's most preferred outcome is acquiescence.

For  the Incumbent  we shal l  assume that  ar  >> a:  )  a4>-  a2.  That  is ,

(iv) the pre-emptive action is costly, so that - if the Potential Intruder is

passive - the Incumbent prefers to be passive herself  (a I  > a 3);

(v) successful deterrence is worthwhile for the Incumbent (a3 > a4);

Table 2

The normalized ut i l i ty functions

outcome 'YJl'*lS, .*.Y,1'ii'i.?1,0..

Ttlo-.;idcd pas sitt itv

( l n c u m b e n t : n o a c t i o n  a > l  0

Intruder: no action)

Unsuccessful attempt

to deter

( lncumbent: act ion

Intruder: act ion)

b  O > 0 )  - c  ( c > 0 )

Succe.ssJul tleterue nce

(lncumbent: act ion I 0

Intruder: no action)

Acquicscence

(lncumbent: no action 0

Intruder: act ion)
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(vi) acquiescence is better than an unsuccessful attempt to deter (ao > a).

We assume that these are von Neumann-Morgenstern ut i l i ty functions.
We can therefore normalize them as shown in Table 2 s.

Given the above preference structure, i t  is clear that i f  the pre-emptive

action is perfect ly observable, the Incumbent wil l  decide to take i t  and the
Potent ia l  In t ruder  wi l l . remain pass ive 6 .  Suppose,  however ,  that  the pre-empt ive
act ion,  i f  taken,  would  on ly  be observed wi th  probabi l i ty  q ,  where 0 < q  < l .
Then,  as sa id  in  the in t roduct ion,  we can env is ion two s i tuat ions.  In  the
situation with an Avtare Potential Intruder, the latter knows that the Incumbent
had the option to commit, even i f  he does not actual ly observe the commitment.
In the situation with an Llnaware Potential Intruder. the latter is not aware of
the poss ib i l i ty  o f  pre-empt ive act ions:  he on ly  becomes aware of  i t  i f  he sees
one  t .

The game with an Aware Potential Intruder is represented in Figure l ,
where the top number in each column represents the ut i l i ty of the Incumbent
and the bottom number the ut i l i ty of the Potential Intruder. First Nature selects
one of  two poss ib i l i t ies :  w i th  probabi l i ty  q  the incumbent 's  act ion,  i f  taken,
wi l l  be observed by the Potent ia l  In t ruder ,  whi le  wi th  probabi l i ty  ( l  -  q)  i t

NATURE

Incumbenl 's
wil l  be obse

;ac t ion  /  \  Incum'
'u"o 

,/ o .,-N." no'
ent's action
be observed

I TNCUMBENT I
action no actlon

aclron ./ x )n

no
acl.

(rrurnuoeR
act. no | \ction no

act. |  \  act ior
h

Figure I -  Thc game with an aware Potential lntruder

s  Thc  normal iza t ion  is  the  resu l t  o f  the  fb l low ing  l incar  t rans tbr rna t ions :  o ' ,  :  
a  i  o  l

a j  a . +

b ,  b '
lo r  thc  Incumbent  and b ' '  :  

. * lo r  
the  Potcn t ia l  In t rudcr .

D , l  -  D  I
6  Th is  i s  the  un ique subgame-per fec t  equ i l ib r iu rn  (c l .  Se l tcn ,  1975)  o f  the  cor rcspond ing  per f -ec t

ir .r fbrrnation garne.
7 It  is perhaps worth repeating that the unaware Potential Intruder does not know that the

pre-empt ive  ac t ion  is  ava i lab lc  to  the  Incumbent .  Thus  hc  w i l l  ac t  under  the  assumpt ion  tha t  the
on ly  poss ib le  ou tcomes are  what  we ca l led  " two-s ided pass iv i ty "  and "acqu iesccnce" .  Howcver ,  I . rc
may acc idcn ta l l y  observe  the  Incumbent 's  commi tment  ( th is  w i l l  happen w i th  p robab i l i t y  q ) .  in  wh ich
case he  w i l l  sudden ly  bccome aware  o1 ' the  pre-empt ivc  ac t ion  and reac t  op t ima l ly  bc  rc f ia in ing  l io r r r
t l k i n g  h i s  a g g r e s s i r  c  a c t i o n .

no
acl

a 0
0 1

a 0 1 - b
o l o - c
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wil l  not be observed. The Incumbent, not knowing what Nature chose, has to

decide whether or not to take a pre-emptive action. The Potential Intruder can

find himself in two dif fbrent si tuations: in one he has learnt that the incumbent

took the pre-empt ive act ion,  whi le  in  the o ther  he does not  know whether  the

pre-emptive action was taken (and he did not receive any signals) or i t  was not

taken. In both situations the Potential Intruder has to decide whether or not

to  take an aggress ivc  act ion.
The players' preferences are such that i f  the Incumbent takes her pre-

emptive action and the Potential Intruder observes i t ,  then the latter wi l l  decide

to be passive: this is denoted by a double edge in Figure L Thus we shal l

restr ict our attention to Nash equil ibr ia that are consistent with this behavior

on the part of the Potential lntruder (that is, to subgame-perfect equi l ibr ia: cf.

Selten, 1975). As a consequence, the game reduces to one whose normal fbrm

is  shown in  Table  3  E.  
Table  j

P O T E N T I A L  I N T R U D E R

aggress i re  ac t ion  no  ac l ion
( 0  ( l  r )

pre-cmptlve

action

I N C U M B E N T -  
( P )

q  b ( l  q ) ,  c ( l  q )

no  ac t lon
( l  -  p )

0 ,  I a .  U

I f  [q  -  b  ( l  -  q) ]  <  0e,  that  is ,  i f  the probabi l i ty  that  the pre-empt ive

act ion is  observed is  suf f lc ient ly  smal l ,  then 'no act ion ' is  a  dominant  s t ra tegy

for  the Incumbent  and there is  a  un ique Nash equi l ib r ium where the Incumbent

does not act and the Potential Intruder does. Thus:

Resul t  l :  In  the Aware Potent ia l  In t ruder  case,  i f  q  <  
b  

the In-
l + b

cumbent does not take her pre-emptive action, the Potential Intruder takes his

aggressive action and the outcome is acquiescence, with corresponding ut i l i ty

of 0 for the Incumbent and I fbr the Potential Intruder.

C o n s i d e r n o w t h e c a s e  
b  

< q <  I  [ t h a t i s ,  q - b ( l  - q ) > 0 ] . T h e n

1 + b

the normal-fbrm game of Table 3 does not have a Nash equil ibr ium ir l  pure

strategies. There exists, however, a unique Nash equil ibr ium in mixed strategies.

s Notc that the normal fbrm of Table 3 is the agent normal fbrm of the extensivc game of

Figurc I when the Potential Intruder who observes the pre-emptive action fbl lows the equil ibr ium

strategy.
Note also that i f  q - 0, then the game of Figure I reduces to a simultaneous game. in which

not taking the pre-emptive action is a str ict ly dominant strategy fbr the lncumbent. so that the

outcome would be acquiescence. On the other hand, i f  q :  I  wc have a game of pcrf-ect intbrmatior.t

whcre thc unique subgame-pc-.rt-ect equi l ibr ium outcome is successful detcrrence.

"  E q u i v a l e n l l y .  i l ' q  <  b  R e c a l l  t h a t  o u r  a s s u m p t i o n s  i m p l l  t h a t  0  '  b  I
l + b  I  + b
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Result 2: ln

Incumbent takes
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the Aware Potential Intruder case, if 
b 

< q < I the
I  + b

her pre-emptive action with probability

o < p -  
I  

. 1 ,
I  +  c ( l  -  q )

the Potential Intruder does not take his aggressive action if the observes the
Incumbent's commitment, and takes it with probability

0 < r :
a - l

< l
a - t + [ q - b ( l - q ) ]

if he does not know whether the Incumbent did or did not take her pre-
emptive action. Furthermore, the expected utility for the players is

a [q - b (l - q)] 
> 0 for the Incumbent and 0 for the Potential Intruder.

a - l + [ q - b ( l  - q ) ]

It follows from results I and 2 that the probability with which the
Incumbent chooses to commit is an increasing function of q (the probability
that commitment is observed by the Potential Intruder). Furthermore, the
Incumbent's equilibrium payoff is also an increasing function of q, while the
Potential Intruder's equilibrium payoff decreases with q.

We now consider the situation with an Unaware Potential Intruder. Here
the Potential Intruder is not aware of the fact that the Incumbent has the option
of taking a pre-emptive action and therefore his perception is that it pays to
take the aggressive action. If, however, the Potential Intruder happens to
observe the Incumbent's action then he becomes aware of it and reacts op-
timally by not taking his aggressive action. Implicit in game theory is the
assumption that the structure of the game is common knowledge among the
players. Hence game theory does not allow us to model lack of awareness
directly. An indirect way of representing the Unaware Potential Intruder
situation is by eliminating the passive choice for the Intruder at his large
information set, as shown in Figure 2. It should be stressed that for our
purposes all that is needed is a representation of this situation as seen by the
Incumbenl, because from the Incumbent's point of view the Unaware Potential
Intruder case is a simple one-person decision problem: she knows that if she
takes her pre-emptive action there is a probability q that it will be observed
by the Potential Intruder and that, as a consequence, it will induce him not to
act, while in every other case the Potential Intruder will thoughtlessly take his
aggressive actionr0. However, it is useful to represent this situation by means
of the game shown in Figure 2, since it allows us to compare the two cases by
comparing the subgame-perfect equilibria of two games with a similar structure.

r0 Thus the Incumbent's expected ut i l i ty is [q - b (1 - q)] i f  she takes her pre-emptive action
and 0 i f  she does not.
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The game of Figure 2 has a unique subgame-perfect equi l ibr ium where the
Potential Intruder is passive whenever he observes the [ncumbent's act ion,

while the Incumbent's strategy varies with the parameter q as f lol lows.

NATURE

lncumbent's ar
will be observr

, / \
)lion // \ Incumt
'o  

, /  o  , -o \ r 'no '

rent's action
be observed

act ion

Il"']u7^","

TNCUMBENT x
no
aclion

acl ion no
action

f rrurnuoen !
acilon acuon aclron

- h

Figure 2 - The game with an unaware Potential Intruder

Result J: In the Unaware Potential Intruder case, i f  q < 
b 

[that is,
l + b

i f  q  -  b( l  -  q)  <  0 l  the Incumbent  chooses not  to  take the pre-empt ive

action and the outcome is acquiescence with payoffs of 0 for the Incumbent

and I for the Potential Intruder.

Re.sult  4: ln theUnaware Potential Intruder situation, i f  q > 
b 

1rnu,
l + b

is, i f  q - b(l  -  q) > 0l the Incumbent takes the pre-emptive action and the

outcome is successful deterrence with probabil i ty q and unsuccessful attempt

to deter with probabil i ty ( l  -  q).

The payolfs are [q - b(l  -  q)] for the Incumbent and I c( l  -  q)] fbr the
Potential Intruder.

We can now compare the two situations. This is done in Table 4.

It  can be seen that i f  q < 
b 

or i f  q :  l ,  then there is no dif ference
I  + b

between the two situations: the Incumbent's behavior and the ut i l i ty of both

players are the same in both. I f ,  on the other hand, --*9- < b < I [which
I  + b

is equivalent to 0 < [q - b(l  -  q)] < l l  then we can see that the Incumbent
is 1c. i^r t ikely to takc'the pra-cmptire a( ' t ion in the Aware Potential Intruder
.situation than in the Llnaware Potential Intruder one. In fact, in the former the
Incumben t  t akes  he r  p re -emp t i ve  ac t i on  w i t h  p robab i l i t y  l ess  t han  one .  wh i l e
in the latter she takes her act ion with probabil i ty l .  Furthermore, since for this
range of values of the parameter q we have . that - c ( l  q) < 0

1 - b 0
O - c 1
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and
a  1 + [ q - b ( l  - q ) ]

Intrttder are better o.// in the Aware
Llnaware Potential Intruder one.
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b ( l  -  q)),  both Incumbent ancl Potential

Potential Intruder situation than in the

Table 4

a l q - b ( l  - q ) l
> [ q -

The two SituationS Compared for al l  Possible Values of a.

b
0 ( q (

I  + b

b
< q < l

I  + b
n l

A W A R E

Potential
Intruder

Incumbent does izol
take  pre-empt ive  ac t ion

Incumbent's payofl 0

Intruder's payofl: I

Incumbent takes action
with probabil i ty

o < p < l
do

(with > 0)
dq

Incumbent's payoff:

a l q - b ( l  - q ) l

lncumbent takes
action

Incumbent 's  payof l  I

a  -  I  +  [q  -  b ( t  -  q ) ]

Intruder's payofl 0 Intruder's payoff: 0

UNA'I4RE

Potential
Intruder

Incumbent does nol
take  pre-empt ive  ac t ion

Incembent's payofl :  0

Intruder's payoff: I

Incumbent takes pre-emptive action

Incumbent's payoff:  q - b(l  -  q)

Intruder's payoff:  -  c (1 q)

As explained in the Introduction, the intuit ion behind this result is that
when the Potential Intruder is aware of the possibi l i ty of commitment he wil l
tend to be more cautious whenever he does not observe the Incumbent's
pre-emptive action, that is, he wil l  take his aggressive action with lower
probabil i ty. The Incumbent can thus "free r ide" on the Potential Intruder's
caution and reduce the frequency of a costly commitment. In other words, the
mere fact that the opponent is aware of the possibi l i ty of commitment reduces
the need to actual lv commit.

3. Concluding Remarks

We examined the issue of observabi l i ty and awareness of commitment in
a general two-person model of deterrence. We noticed two phenomena.

First of al l ,  as intuit ion suggests, when the Potential Intruder is aware of
the possibi l i ty of commitment, the commitment is more l ikely the higher the
probabil i ty that i t  is observed by the Potential Intruder r ' .

rr Schell ing (1960, 1966) pointed out the fact that in order for commitment to be attract ive i t  is
necessary that i t  be observable (with suff iciently high probabil i ty).
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The Second, less intuitive phenomenon, is that when commitment is

imperfectly observable, then the Incumbent is more likely to commit in the

case where the Potential Intruder rs unawere of the possibility of commitment

(he only becomes aware of it if he sees it), than in the case where the Potential

Intruder is aware of the possibility.
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