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Incorporating Belief-Dependent Motivations in Games

Abstract

Belief-dependent preferences allow to represent the impact of feelings and con-
cerns about the feelings and opinions of others on decision making and strategic
behavior. In Dynamic Psychological Games (JET, 2009, henceforth DPG), we put
forward and analyze a substantial extension of the psychological games framework
of Geanakoplos et al. (GEB, 1989) whereby the utilities of terminal nodes depend
on hierarchies of conditional beliefs about strategies. Motivated by theoretical is-
sues and applications, here we address three problems: (i) the derivation of utility
functions defined on the extensive form (as those of DPG) from simpler and more
intuitive functions that only depend on (material) consequences and beliefs about
consequences; (ii) the dynamic inconsistency that arises when the derived utility
function depends on beliefs about one's own behavior (a rather pervasive feature);
(iii) the analysis of solution concepts that (unlike the sequential equilibrium of DPG)
rely on the interpretation of observed behavior as the result of an intentional choice.
Our framework provides the intellectual home for a rich variety of non-standard mod-
els of decision making and social interaction, and formally clarifies the distinction
between anticipated and anticipatory feelings.
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1 Introduction

Most (not all!) economic models assume that agents maximize their expected

material payoff and hold equilibrium beliefs.

But subjects in the lab exhibit persistent and significant deviations from this

self-interested, equilibrium behavior.

Furthermore, simple introspection suggests that agents are also affected by non
self-interested motivations and that this affects strategic reasoning.
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Models with ‘other-regarding preferences’ help explain observed behavior in
Dictator Game, Ultimatum G., Trust G., Gift Exchange G., Public Good G. and
similar games

1. material payoffs of others matter: distribution-dependent preferences,
2. emotions and intentions matter: belief-dependent motivations.

(1) (distribution-dependent preferences) can be addressed by traditional game
theory.

But experimental evidence (and, again, introspection) also support (2): theories
of belief-dependent motivations (e.g. Dufwenberg & Gneezy 2000, Charness

& Dufwenberg 2006, Dana et al 2006, Attanasi & Nagel 2007, Tadelis 2007).
Our framework allows for (1), but it focuses on (2).

2
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In "Dynamic Psychological Games" (DPG), we provide a new framework to
deal with (2) (belief-dependent motivations) which is outside traditional game
theory. The proposed framework also allows to (indeed, invites to) address the
issue of relaxing the equilibrium assumption that players hold correct conjec-
tures.

Loosely speaking: in a psychological game utility functions directly depend on
(actions and) beliefs, including beliefs about the beliefs of others. Framework
put forward by Geanakoplos, Pearce and Stacchetti (1989, henceforth GPS).

Our analysis concerns games with a sequential structure (dynamic games), e.g.
Ultimatum, Trust, and Gift Exchange games. GPS' framework is not fully
adequate for such games, because they only consider initial (pre-play) beliefs.
In DPG we propose a new, more general framework where revised beliefs about
the beliefs of others can play a role.
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This is a follow up of DPG.

In DPG we consider (possibly infinite) hierarchies of conditional beliefs to model

updated beliefs about the beliefs of others.
Here we mainly focus on 1st and 2nd order beliefs.

On the other hand, here we:

- provide more structure for belief-dependent utility functions, deriving the ab-
stract functional form of DPG from more elementary and intuitive utility func-
tions,

- allow for players’ uncertainty about their own behavior — distinction plans
vs actual strategies,

- focus on dynamic inconsistency and perceived intentionality.
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ROADMAP

e Examples and motivation

- Trust Game and "guilt"

- Trust Game and "shame"
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e From belief-dependent preferences to dynamic psychological games

- Game-form independent preferences

- Game-form dependent preferences

- Games with belief-dependent preferences
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e Sequential rationality and solution concepts

Dynamic (in)consistency

Sequential equilibrium (SE)

Modifications of (SE): weak consistency and perceived intentionality

Hints on other concepts related to learning and forward induction

e Summary/conclusions
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2 Examples and motivation

Leading example: Trust Game form

In Coop H [p]
$(2/p)
Ann — Bob o Ch. — ( $9 )
| | | L [1—p]
Out l l Def. !

() (%) o ()

Trust Game with material payoffs
Players observe ex post only material payoffs
(Why should we care? You will see!)

8
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We will consider theories where the following beliefs play a crucial role:
a = Pry,,,[Coop if In], the initial 1st-order belief of Ann
& = Prgp,n[Coop|m 4., = 0], a terminal (conditional) 1st order belief of Ann

B = Epypla|In] (a feature of) conditional 2nd-order belief of Bob
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GPS’ framework was used to model belief-dependent motivations:

in traditional Game Theory, payoff functions have the form

U; = U,(actions)

actions=sequence of actions during play=complete history.
GPS’ extension: psy-payoff functions

U; = U;(beliefs;, actions)

beliefs; =initial (pre-play) beliefs of player ¢ about strategies and beliefs (about
beliefs) of others

10
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Problem: conditional beliefs such as & and (3 above are not considered by
GPS (they are not part of the GPS language). Yet they are crucial for some
applications, and theoretical interpretations of experimental findings.

Our framework: we derive the following functional form

U;(cond.bel.;, cond.bel._;, actions)

(we include beliefs about one's own future behavior), starting from more ele-

mentary utility functions.

Warning: While we appreciate work based on the revealed preference approach,

we do not adopt it here.

11
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Example: "guilt aversion", an easy to model motivation

In C H [p]
Ann — Bob — Ch — 2ép
| | | L[1-p]
o | ! D !

() () 2 (o)

Trust Game with guilt: dependence on co-player’s 1st ord. belief

12
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EAnn[mAnn]:(1_a)'0+a'[p'1%+(1_p)'o]:2a

2a=how much Ann would feel ‘let down’ if m 4,,,, = O=difference btw expected

and realized material payoff

23=Bob’s expectation of 2« given In (conditional 2nd ord. belief)

O=sensitivity of Bob to "guilt"

"primitive": UBob = MBop — O Max{0, Eapnlmann] — mann}

derived: UBob = mBob(z) — 6 max {07 EAnn[mAnn] — mAnn(Z)}

13
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Bob would (weakly) prefer Coop. after In iff

2—(1—p)-280 > 4—208

o > —

Equilibria (intuitive analysis):

In, Coop., « = B =1 if 0 is high enough (6 > 1/p) is an equil.
But also Out, « = 0,3 = 0 is an equilibrium (for all ).
(Attanasi & Nagel show that 8 > 1 is quite realistic.)

NOTE: such multiplicity of eq. is ruled out by standard game theory, if complete
information (=common knowledge of the game) is assumed, because Pl games
cannot have multiple isolated equilibria.

14
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Equivalent representation: Ann’s (initial) 1st order beliefs, Bob’s own terminal
2nd order beliefs

Up = mp(z) — 0Eg[max{0,Es[ma] — ma}timp = mp(z)]
Up(z,cond. 2nd ord. beliefs of Bob)

In C H [p]
Ann — Bob — Ch. N
| | | L[1-p]
o | | D |

1 0 0
(1) (4-259) Ann (2—2(1—p)59>

Trust Game w/ guilt: dependence on own terminal higher order beliefs

15
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Example: simple "Shame", Bob dislikes that Ann thinks he has defected,

UBoh = MBebp — (1 — &) (& = Pr gpp[Coop|m apy, = 0])
(easy to model in Trust Game; but generally applicable functional form not

easy)

T C H [p]
Ann — Bob — Ch —
| | | L [1— p]
N | | D !
0 0

Trust Game w/ shame: dependence on co-player's term. 1st ord. belief

16
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Let

n o — ap
Bp = Epo [PrAnn[Coop|mA — O]| (In7 D)] = Epop 1— ap (In, D)]

Bc = Epgep[PrannlCooplma = 2/p]| (In,C)] =p + (1 — p)Bp

Bob's decision depends on BD and BC, the game looks to him like this

In C
Ann — Bob — 2
2 -6(1—B¢)
| |
Out l D 1
0

() (acad-am)

Reduced-Form, Trust Game w/ Shame from Bob’s point of view

17
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Now suppose that players (in particular, Ann) have perfect ex post information.
Then the game looks to Bob like this

In C
Ann — Bob — ( g )
| |
Out l D l

(%)

Reduced-Form, Trust Game w/ Shame, perfect ex post information

Bob is more likely to Cooperate under ex post perfect information, anticipating
this Ann trusts Bob more (more likely to play In).

18
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Experimental evidence supports this result on the impact of the ex post infor-
mation structure (Tadelis 2007, see also Dana et al. 2006).

According to standard game theory preferences depend only on actions and
random events, and this implies that only the information the players have
when they are active may be relevant. Thus, contrary to experimental evidence,
standard game theory rules out the impact of ex post information. This shows
that observed phenomena explained with belief-dependent preferences cannot
be explained by standard game theory, even allowing for incomplete information
(despite the opposite claims by some "orthodox" theorists).

19
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[The previous conclusion must be qualified: it relies on the assumption that the
relevant game form is the one specified in the lab, i.e. that interaction in the
lab is effectively isolated from postexperimental interactions outside the lab.
This assumption is disputable when self-perception (e.g. self-esteem) matters:
it can be argued that ex post information may affect self-perception in the
post-experiment life, and this may affect subjects’ behavior in the experiment.
But we think this argument does not apply to the previous example.]

20
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3 From belief-dependent motivations to games

3.1 Game form and beliefs

Finite extensive game form: ' = (N, X, (H;, M;, m;);cn)

- material consequences of terminal nodes z € Z: m; = m;(z) € M,
(e.g., M; C R, "money")

- H; partitions X, player i's information h = H;(x) € H; specified at every
node x (even if i is not active), including root 20 and terminal nodes z: assume
perfect recall; h9 := {20} € H; for each i; H; C H; information sets where i
IS active

- chance=fictitious player with exogenous behavior strategy o

21
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- derive outcome function z = z(s) (s=strategy profile)

- behavior strategies o; = (JZ(|h))heI§Q derive Prs (s;|h)

Hierarchical conditional beliefs (general analysis in Battigalli-Siniscalchi, 1999)
- 1st-order cond. belief system a; = (c;(+|h))hen,, ai(-|h) € A(S)

- 2nd order: B; = (B;(h))nen;, B;(h)=point belief (just for simplicity) of s
given h about a_; = (@), 4

Assume it is true and "transparent" that Bayes rule holds.

The set of 1st order cond. belief systems of ¢ satisfying Bayes rule is denoted
Ai(S) (a subset of [A(S)]H4).

22
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3.2 Simple "game-form free" belief dependent motivations

2 players: Ann (pl. A) and Bob (pl. B). In our prose we mostly take Ann's
perspective. Likewise statements hold for Bob

Periods t = 1,2,...,T (T "endogenous"),
M = My x Mp (set of collective material consequences)
,LL?4 € A(M) initial belief of Ann about consequences

nYy € A(M) end-of-period ¢ belief of Ann

23
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Assumption: the utility of consequence m for Ann depends on the temporal
sequence of beliefs experienced by Ann and Bob = "primitive" psychological
utility function

0 0 T T
U’A((“A? :LLB)n sy (:LLAa NB)) m)

ug: (A(M) x A(M))* x M — R

[Y* = set of finite sequences of elements from domain Y]

24
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Motivations:

- ,uf4 may trigger anticipatory feelings of Ann with negative or positive valence,
such as anxiety or excitement, that affect Ann’s period-t utility (Caplin &
Leahy)

- Some time-t feelings, such as disappointment, may depend on earlier beliefs
,ufﬁl (k < t).

- The anticipation of such feelings (e.g. terminal feeling or interim anticipatory
feelings) may affect behavior. This can be represented as maximization of an
intertemporal utility function as above.

- Ann may care for the feelings of Bob (e.g., guilt, shame, concern for other’s
anxiety).

25
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Now fix a game form . Recall:
m; = m;(z) = i's material consequence,
z = z(s)= terminal history induced by s.
Let m(z) := (my(z), mp(2)).

Derive py € A(M) at h € Hy from ay = (ay(|h))hen,

Bay(mlh) = > aa(slh) (h € Ha)

s:m(z(s))=m

Fix complete path (29, 2!, ..., 2! = 2), then

Ualess ap, 2) = wa ( (o C1HA@D), 1o, (1HB (), m(z))

In words, U4(a 4, ap, z) is Ann’s utility of the temporal sequences of beliefs
and the collective consequence induced by z given the 1lst-order cond. belief
systems of Ann and Bob, a4, ap.

26
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Examples of "primitive" utility functions
P P y

L T—1 [ pE,t __ Vit —_ .
- Anxiety: ug = mp+ 3, g {GA Eua[mA] — 0 Var'uil[mA]} (Caplin &
Leahy QJE)

- Simple "final" disappointment: ug = m 4 — 04 max{EM%[ﬁA] — my, 0}
...and concerns for such feelings e.g.
- "guilt": ug = my — 04y max{E’uo [mpg] — mp,0} (Batt.-Duf. AER)

B

- concern for other’s anxiety:
ug =magy + z;f:—ol {0£7tEM%[mB] — QQVathB[mB]} (Caplin & Leahy EJ)

27
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Extension: self-esteem and concern for the opinion of others
Suppose we can capture a feature of Ann's ability or personality with a pa-
rameter 8 4 not commonly known (e.g. Bob does not perfectly know Ann's

preferences, Bob and/or Ann do not perfectly know the ability of Ann).

Ann's feelings (with positive or negative valence) may be affected be her beliefs

about 6 4 (self-esteem).

Ann may care about Bob's opinion of her, i.e. Bob's beliefs about 6 4.

28
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We can capture these considerations with the following extension:

’U/A((,u%, :u%)a ooy (:u£7 :ug)a m)
ug : (A(O X M) x A(© x M))*x M — R

where © = © 4 X ©p. As special cases we get:
Ex post self-esteem: u 4 depends only on marg@Au£
Concern for the ex post opinion of others: u 4 depends only on marg@A,ug

With this extension we cover most models in the literature in which preferences
can be expressed with no reference to an extensive game form.

29
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Now fix and extensive game form . Let a; = (az(|h)h€HZ> a;(-|h) €
A(© x S) (and 7 always assigns probability one to what she knows about 6).
With a procedure similar to the one we explained above we get

UA(Q, A, xR, Z)

30
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3.3 Game-form & belief dependent motivations

Reciprocity, regret, concern for others’ regret

Relevance of the game form that determines the strategy space (causal struc-
ture, available options).

"Primitive" utility function
ug : (A(S) X A(S))* x M — R

Fix complete path (29, 2!, ..., 2! = 2), then

Uaeasap.2) = ua ((@aClHa@)), ap([Hp"),_o m(2))

31
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Examples of game-form dependent preferences

Regret. Extent of Ann’s regret when she gets m 4 and her terminal belief about
Bob's strategy is O‘Z,B c A(Sp):

T T
Ra(oq gyma) = rgsz m(z(sa,sp))ay g(sp) — ma,

SB
"Primitive" and derived utility:

ua((aly, ag)fo,m) = my — f(Ra(aly g,ma)), (f(0) =0, f' > 0)

Ualaa, ap,z) = my(z) — f(Ra(marggaa(-|Ha(z)), my(z)))

32
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Concern for others’ regret. Ann may be concern for the regret of Bob (e.g.
her son). Thus regret may be relevant even if it does not directly affect the

behavior of the regretting person.

"Primitive" and derived utility:
ua((oly, alg){zo,m) = ma — f(Rp(af a,mp)). (£(0) =0, f' > 0)

Ualaa, ap, z) = my(z) — f(Rp(margg,ap(-[Hp(z)), mp(2)))

33
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Reciprocity (cf., Rabin, Duf. & Kirchsteiger, Falk & Fischbacher; a bit different
here)

Define the kindness of Bob toward Ann as a function of Bob's beliefs about
strategies, ag € A(S)

Kp alap) = Eaglma] — mj(ap),
where m% (ap) is the "equitable" payoff for Ann according to Bob's beliefs,
for example

1 __ : __
mé(ap) = 5 (max Espap alal + minEspap o[l lap a € A(S)

"Primitive" and derived utility of Ann:
ua((cy, ag)izg,m) = ma +04Kp a(ap)mp, (05 > 0).

Ualoa, ap, z) = my(2) + 04K p a(ap(-|h%)mp(z).

34
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3.4 Games with belief-dependent preferences

Adding the derived utility functions
U; - AHA(S) x ATB(S)x Z - R

to the game form " we obtain a (dynamic) game with belief-dependent prefer-
ences

<r7 UA7 UB>

called "dynamic psychological game" in DPG.

[In DPG we consider more general functional forms allowing dependence on
higher order beliefs, but we mainly focus on the case where U 4 is independent
of Ann's plan, i.e. her belief about her own strategy.]

35
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4 Solution concepts

To keep things simple assume that there are two players, A and B [plus chance:
add it as 3rd player with known randomized strategy o]

Slight abuse of notation: if y € A(Y) and pu({y}) =1, write p =y €Y
[hence Y C A(Y)]

- oy € AMA(S) [system of 1st order cond. beliefs of Ann] satisfies inde-
pendence across agents, that is, it can be derived from a profile of behavior
strategies 0q , = (UA,QA, JB,QA) using Kuhn's transformation [o;  ,(a;|h)
(¢ = A, B) is the cond.prob. of a; given h implied by « 4]

- B 4 is given by point beliefs about ag: let 3 4(h) denote the second-order
point belief of Ann at h € H 4 [formally, 8 4(h) € AHB(S)]

Likewise for Bob

36
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The system of beliefs of Ann is an array (a4, 84) = (aa(:|h), BA(R))her,
where a4 € AHA(S), and B4 = (Ba(h))nem , is s-t. for all h,h € H 4 with
h=<h

o B4(h) € AHB(9),
o if ay p(Sp(h)|R) > 0then B4(h) = Ba(h).

In words, Ann may change her point belief about the first-order beliefs of Bob
only if she is surprised by the behavior of Bob. Call this simple system of beliefs

37
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4.1 Dynamic (in)consistency

Let avq 4 = (margSAozA(~|h))h€HA, QA B = (margSBaA(-|h))h€HA.
We interpret Ann’s beliefs about her own strategy, cvg 4, as her plan. First-
order belief av 4 captures Ann’s intentions, i.e. what she plans to do and expects

to achieve.

Problem 1: When U4 depends on a4 4, Ann’s beliefs about her own strategy
(e.g. disappointment or anxiety aversion), we may have dynamic inconsistency
= use def. of "sequential best response" as no incentive for one-shot devia-
tions:

Vh € H;, suppo; o.(-|h) C arg max E,, 3.1U;| b, a;] (BR)
i ai€A(h) i

38
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NOTE, we allow a player to be uncertain about her own strategy and require
that there are no incentives to deviate to zero-prob. actions. Such uncertainty
may be necessary for existence: in some psy-games where U; depends on «; ;
no "pure" «; ; satisfies the seq. rationality property above.

39
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Example: aversion to "excess disappointment" may prevent pure dy-
namically consistent plans

c 3]
Ann — Ch — 2z

| |
d | [3] |
1 0

One person game form with chance (1 < z < 2)

Ann is averse to disappointment in excess of k£ > O:

uA(,u%,m) :m—Gmax{(EM%[ﬁ]—m—k> ,O}

Here, let kK = x — 1 to simplify the algebra.

40
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If the initial plan (a9 4) is d (down):

Ea%[m] =1, Ua(a9, (d)) = 1, Ug(a¥, (¢, H)) = 2z, Uy(, (¢, L)) =
—0(2 — x),

switch d — ¢ iff Eq ,[Ua|d] <Ea,[Uald iff 1 < 2—16(2—z)iff 6 < 22=1)

If the initial plan (o& ) is ¢ (continue to chance move) :

E o[m] ==, UA(Q{%, d) =1, UA(OA%, (c, H)) = 2z,

UA(O(%, (Ca L)) = —0,
switch ¢ — d iff Eq 4[Uald] >Ea,[Ualc] iff 1 > 2 — 30 iff 6 > 2(x — 1).

2(:1; 1)

There is no pure dynamically consistent plan iff 2(z — 1) < 0 <

e.g.a:_Q_g.

41
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Some interesting belief-dependent motivations (e.g. concern for others’ feel-

ings, regret, some forms of reciprocity) yield a U 4 that does not depend on A's
plan of action:

Remark. If Uy does not depend on cvy 4 then Ann is dynamically consistent,
that is, condition (BR) is equivalent to

Vh € Hy, suppag A(-|h) Carg max E

U x|h].
sA€S4(h) SAvoéA,BﬁA[ A| ]

42
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4.2 Sequential equilibrium

DEF. 1 A simple system of beliefs (a4, B84, ap, BB) is a sequential equilibrium
(cf. Kreps & Wilson) if for each ¢, each h € H;,

Vh € H;, a; = a_; = B;(h), (1)

Vh € IA{'v SuppO‘i’ai('|h) C arg aignfi;)((h) Eaz,ﬁZ[UZ“la a’i]

- (CONS) says that first-order beliefs of different players agree, and second-order
conditional beliefs are always correct, implying that ¢ cannot change his mind
about the (first-order) beliefs of the co-player. [With chance moves or more
players, we must add a further condition to ensure consistency of assessments.]
- The 2nd requirement is the "local" best response property.

This is a "natural" and relatively simple extension of the SE concept of K.W.

43
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Remark: Suppose that U; does not depend on c; ; (¢ = A, B). Then a simple
system of beliefs (a4, B4, B, Bp) Iis a sequential equilibrium if and only if

for each 1,

Vh € H; «a; =a_; = 3;(h),

Vh € H; suppay; ;(-|h) Carg max E, g

1Ualh
o T2, [Ualh]

1

Now suppose that U; does not depend on «; ; nor on a_; _; (a strong form of
own-plan independence). Then the above result implies that we may interpret
a sequential equilibrium as a situation where each player is certain of her own
strategy and the randomized strategy of ¢ represents the 1st order beliefs of —1

about 2.

44
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By quite standard "trembling hand" arguments, one can show that a sequential

equilibrium always exist [cf. DPG]

Theorem: Every (finite) game with belief-dependent preferences has a sequen-

tial equilibrium.

45
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4.3 A more satisfactory equilibrium concept

Problem 2: Sequential equilibrium a /a Kreps and Wilson is based on correct
initial beliefs (including 2nd order beliefs: 3;(h%) = a_;) and a trembling hand
interpretation of deviations = ¢ never changes his beliefs about a_; (Vh € H;,

Bi(h) = Bi(h%) = a_;).

This is problematic in general: Bob's beliefs (85(h)) about Ann's intentions
(av4) are independent of Ann’s behavior. It is even more problematic in psy-
chological games where players’ intentions are key.

46
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Example: sequential equilibrium and reciprocity in the Trust Game

m$(aa,B) = 311 +2 x ay p(Coop) + 4 x ay p(Def.)] € [3,3
="equitable payoff of Bob" (in Ann’s eyes)

K p(ag) = Eaylmp] — mG(ag B)

Ka (Out,ay ) =1—-mB(asp) <0

KA p(In,as ) =2 x ay p(Coop) +4 x ay p(Def) — m%G(aa B)
= % + a p(Def) > 0.

47
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In is unquestionably a kind action, if it is intentional! If Bob believes, even
if surprised, that Ann's choice was intentional, and he is sensitive to Ann's
kindness (high 6g), he should reciprocate and Coop.

But (Out, Def) is a sequential eq. for every 8 g. Why? Because with a4 =
(Out, Def), Ka p(aa) <0, after In Bob still believes that Ann's intentions
are given by a4 = (Owut, Def) (Ann planned Out and chose I'n "by mistake"),
hence Bob still perceives Ann as unkind!

48
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We want to allow Bob to change his beliefs about Ann's intentions (captured
by a4) when he is surprised by Ann's choice, for example because he believes
that her observed choice was part of her plan, and/or because he "rationalizes"
Ann's choice (forward induction reasoning).

We start with a weaker notion of equilibrium than SE, by weakening the con-
sistency requirement (CONS).

49
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DEF. 2 A simple system of beliefs (a4, 8 4,ap,8p) is a weakly consistent
perfect Bayesian equilibrium if for each 1,

ai(-|h°) = a_;(:|h°), B;(R°) = a_; (Weak CONS)

Vh € H;, su - ~.(-|h) Carg max E,. s5.|U;\h,a;
i PPO'z,a,L(| ) C gaiEAi(h) az,ﬁz[ il il

Intuition (weak CONS.) Initial 1st order beliefs agree, and players start with
correct 2nd order beliefs [recall that by def. of belief system, Bob keeps the
same beliefs about Ann’s 1st order beliefs as long as he is not surprised by

Ann's choices: ozB’A(SA(h)\hO) > 0].
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Let ﬁ,?(h) be i's point belief at h about a_;(-|h%), thus Bg(h) e A(S) and
it makes sense to write margsjﬂ,?(h) € A(S;) for the belief of ¢ (at k) on the
belief of —¢ on the behavior of j (5 = ¢, —%). In particular, margs_iﬁg(h) is
t's belief at h about —i's plan.

DEF. 3 A weakly consistent PBE (a4, 84, ap, 83 ) satisfies perceived inten-
tionality if for each 2

Vh € H;, o _i(S—i(h)|h) = 0 = suppmargg_ 37 (h) C S_i(h).

Intuition: Whenever Bob observes an unexpected action by Ann, he believes
that Ann planned to take that action, i.e. that it was not chosen by mistake.
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Example: reciprocity in the Trust Game revisited

Suppose that Bob is sufficiently reciprocal (8g > 2), then the only weakly
cons. PBE that satisfies perceived intentionality is (In, Coop):

- recall Up(a g, ap, z) = mp(2) + 0K 4 g(aa(-|h%))my(2),
Ka p(In,aq ) =3+ as p(Def)

- assuming perceived intentionality:
Up(aa,p, (In, Def)) = 4,
Up(ora,p, (In, Coop)) =2+ 0p % (3 + aa,p(Def)) x 2

= Bob prefers C'oop whatever a4 g if g > 2
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4.4 Rationalizability and self-confirming equilibrium

Problem 3: The assumption of correct (initial) beliefs is problematic in general,
even more so in psychological games where higher-order beliefs are key = apply
notions of rationalizability (as in DPG) and/or self-confirming equilibrium, for
example

- simple self-confirming equilibrium: players are (1) "sequentially rational" and
(2) their beliefs are confirmed (beliefs about observables are correct), or

- rationalizable self-confirming equilibrium: (1) and (2) and initial common
belief in (1)&(2), or

- rationalizable self-confirming equilibrium with F.l.: (1) and (2) and common
strong belief in (1)&(2) (cf. Battigalli-Siniscalchi, 2002)
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A correct analysis of these issues makes it necessary to go beyond the simplifying
assumptions made above and consider more general hierarchies of conditional

beliefs:
- use beliefs above the 2nd order to model forward induction and common belief

- do not assume point higher order beliefs, e.g. to model uncertainty about the

intentions of a co-player

DPG does this under the assumption that players "know" their actual con-
tingent behavior and there is common belief of this. But such assumption
works well only under own-plan independence, which rules out interesting belief-

dependent motivations.
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5 Summary

e Higher-order conditional beliefs are necessary to model interesting belief-
dependent motivations in dynamic games: go beyond Geanakoplos et al.
(use work of Battigalli & Siniscalchi on hierarchies of conditional beliefs)

e Belief-dependent preferences in games yield qualitative predictions (in par-
ticular, comparative statics) that cannot be obtained within standard game

theory, not even allowing for incomplete information
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e Psychological utility functions a /a Batt.-Duf. DPG, that depend on (ter-
minal nodes and) systems of conditional beliefs, can be derived from more
primitive utility functions that depend on temporal sequences of beliefs
(own and others') about material consequences (game-form free), or about
strategies (game-form dependent)

e Many interesting belief-dependent preferences can be simply modeled by
assuming that psychological utility depends only on own and others’ first-
order beliefs
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e Traditional notions of equilibrium, such as sequential equilibrium, are ques-
tionable in general, but even more so when extended to psychological
games: look for intention-based notions of equilibrium, relax the assump-
tion of correct beliefs

e We propose a new, very flexible framework that already encompasses a host
of exciting applications (e.g. sequential reciprocity, guilt, anxiety, shame,
disappointment, regret) and hopefully will allow and prompt many other
(applications of such belief-dependent preferences to economic models,
new forms of belief-dependent preferences)
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