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1 Introduction

This paper revisits symmetric 2 x 2 anti-coordination games by introducing guilt aversion as a key
psychological factor influencing players’ strategic behavior. Unlike traditional models that assume
purely self-interested agents, we account for emotional responses in decision-making. In particular,
guilt aversion captures the disutility players experience when they believe their actions have caused
disappointment or harm to others. This trait has been widely recognized in the literature as a
crucial determinant of strategic choices and equilibrium selection [Battigalli, Dufwenberg, 2007,
2009; Attanasi, Nagel, 2008|.

Our approach builds on psychological game theory, an extension of classical game theory intro-
duced by Geanakoplos et al. [1989], which allows utilities to depend not only on players’ actions
but also on their beliefs about others’ beliefs, and on higher-order beliefs. In this framework, the
classical Nash equilibrium is replaced by the psychological Nash equilibrium [Battigalli, Siniscalchi,
1999; Battigalli et al., 2019; Battigalli, Dufwenberg, 2020]. This perspective has proven effective
in capturing a broad range of phenomena involving emotional and motivational drivers such as
trust, reciprocity, and guilt [Rabin, 1993; Guerra, Zizzo, 2004; Dufwenberg, Kirchsteiger, 2019].

Within this framework, we focus on a class of symmetric 2 x 2 games, which we term gen-
eralized Hawk—Dove games. These games share the same equilibrium structure as the classical
Hawk—Dove game: two asymmetric strict pure Nash equilibria and one completely mixed-strategy
equilibrium. We further classify them into two subclasses based on players’ preferences over de-
viations toward symmetric profiles. Type 1 games, which include the classical Hawk—Dove game,
represent situations where players would prefer their opponent’s unilateral deviation toward a spe-
cific symmetric outcome. Type 2 games, in contrast, describe situations where symmetric profiles
are Pareto-dominated by the asymmetric equilibria.

The main goal of this paper is to characterize how guilt aversion modifies the best-reply cor-
respondences and the resulting equilibria in these games. Our analysis shows that the sensitivity
of players to guilt has a significant impact on equilibrium outcomes. In Type 1 games, when guilt
sensitivity exceeds a threshold, the equilibrium structure changes substantially: a new symmetric
equilibrium emerges while the mixed-strategy equilibrium disappears, although the asymmetric
equilibria persist. In Type 2 games, guilt aversion affects only the probabilities of the mixed-
strategy equilibrium, leaving the two asymmetric pure equilibria unchanged.

Overall, our findings illustrate how incorporating psychological motives such as guilt aversion
enriches the analysis of coordination problems, providing insights into how emotional factors in-
fluence equilibrium selection and conflict resolution in strategic interactions.

2 The general game model

The model in its standard form consists in a classical 2 x 2 symmetric game: Row player Ann and
Column player Bob have to choose among two possible actions H and L, so that the strategy sets



are Sy = Sp = {H, L}. The matrix form is the following:

Bob
Ann

The model we consider is characterized by the structure of the set of its Nash equilibria: two pure
asymmetric strict Nash equilibria with asymmetric payoffs. Therefore the model we consider is
characterized by the following conditions:

a<c d<b b#c (Generalized Hawk-Dove)

We call this class of games generalized Hawk-Dove games. Denote a generic mixed strategy of Ann
with p € [0,1], where, as usual (with an abuse of notation), p = prob(H) and 1 — p = prob(L).
Similarly, a generic mixed strategy of Bob is ¢ € [0, 1], where (with an abuse of notation), ¢ =
prob(H) and 1 — ¢ = prob(L). Therefore, (p,q) denotes a generic strategy profile. Note that the
set of mixed strategies reduces respectively to ¥4 = [0, 1] and ¥ = [0, 1]. The term 7wa(p, q) (resp.
75(p,q)) denotes the standard expected payoff of Ann (resp. Bob) for every (p,q) € ¥4 X Xp,
whose functional forms are given by:

Ta(p,q) =plg((a+d) = (c+D)) +b—d] + (c —d)qg + d, (1)

and
m5(p.q) =q[p((a+d) = (c+b)+b—d + (c—d)p+d (2)

For the sake of simplicity, we denote with s, the generic pure strategy of Ann where s, = 1 means
that Ann plays H and s4 = 0 means that Ann plays L. Similarly, we denote with sg the generic
pure strategy of Bob where sg = 1 means that Bob plays H and sg = 0 means that Bob plays L.

Equilibria

Under condition (Generalized Hawk-Dove), the structure of the set of Nash equilibria is always
the same. Denoting with

b—d
(b+c)—(a+d)’

U(G) = (3)
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then the best reply correspondences for Ann and Bob are:

1 if 0 < ¢ < V(G), 1 if 0 <p < ¥Y(Q),
BRa(q) = [0,1] if ¢ =¥(G), BRp(p) = 4 10,1] if p=V(G), (4)
0 if U(G) <q<1, 0 if ¥(G)<p< L

Therefore, the game has three Nash equilibria:
- (p,q) = (1,0);

- (pg) = (V(G), ¥(G)).

REMARK 2.1: In the literature, the Hawk-Dove game refers to a particular subclass of
(Generalized Hawk-Dove) given by:
a<c<d<b, (5)

where the conditions
b=2d and ¢=0

are usually added.
Note also that
d<b<a<c

is substantially equivalent to (5) as it corresponds to the case where the pure strategy H plays the
role of pure strategy L and vice versa.

3 Modeling guilt aversion

The mainly considered perspective in the theoretical papers devoted to this issue looks at guilt
aversion as a consequence of letting others down. In particular, we refer to the formal model of
guilt aversion by [Battigalli, Dufwenberg, 2007], [Battigalli, Dufwenberg, 2009], [Attanasi, Nagel,
2008], in which a guilt-averse agent (say Ann) has a disutility if she believes that her opponent (in
our case Bob) is disappointed by her play, as he receives a lower payoff than the one he originally
expected given his beliefs. More precisely, it is said that player j is let down if his actual material
payoff 7;, received after the play, is lower than the payoff he initially expected to get, £} [Wﬂ
Therefore, player j disappointment is given by:

max{0, £;[7}] — 7;}.

Given the strategy profile o, player i’s beliefs b; and player i’s guilt-sensitivity parameter 6; > 0,
the guilt-dependent utility of player ¢ can be constructed as follows:

ui(b;, 0;,0) = 7;(0) — 0; max{0, Ej[ﬁj(‘ﬂ’ bi] — 7ATJ'(U)L (6)
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where max{0, Ej[r5(0), b;)] — (o)} represents player i’s expectation of player j disappointment.
In particular, Fj[r$(0),b;] represents what player i believes is the payoff that player j initially
expects to get and 7;(o) is what player j actually gets.

Ann’s guilt

Suppose that Ann is a guilt-averse agent. In order to construct Ann’s guilt-dependent utility
function, denote with ¢ the expectation of Bob’s first-order beliefs about Ann’s strategy choice
p, and with p the expectation of Ann’s second-order beliefs about the first-order belief of Bob
g. Let 04 be Ann’s sensitivity to guilt. If a pure strategy profile is actually played, say (sa, sp)
with sa,sp € {0,1}, then Ann believes that Bob’s initially expected payoff is Ep[n%(sa, sg), P,
which corresponds to Bob choosing sp and Ann randomizing with probabilities p and 1 — p.
More precisely,

Eplrp(sa,sp), bl = 7(p, sp) = pra(1,s5) + (1 — P)7p(0, sp).
Then, for every pure strategy profile (s4, sg) € {0,1} x {0, 1}, Ann’s guilt-dependent utility is:
uA(p, 04, (54,58)) = ma(sa,58) — 0amax{0, Ep[ri(s4,58),p] — mB(54,58))}

Since
5(p,1) =pa+ (1 —=p)b, wp(p,0) = pc+ (1 —p)d,
it follows that:

ua(p,0a,(1,1)) =a—04max{0,pa+ (1 —p)b —a} = a — 6, max{0, (1 —p)(b—a)},
ua(p,0a,(1,0)) =b— 04 max{0,pc+ (1 — p)d — ¢} = b — 0, max{0, (1 —p)(d —¢)}, )
ua(p,0a,(0,1)) =c—04max{0,pa+ (1 — p)b — b} = ¢ — 04 max{0,p(a — b)},
ua(p,0a,(0,0)) =d— 04max{0,pc+ (1 — p)d —d} = d — 04 max{0,p(c — d)}.

Bob’s guilt

Suppose now that Bob is guilt-averse. In this case, let p be the expectation of Ann’s first-order
beliefs about Bob’s strategy choice ¢ and ¢ the expectation of Bob’s second-order beliefs about the
first-order belief of Ann p. Let #5 denote Bob’s sensitivity to guilt.

As in the Ann’s case, if the pure strategy profile (sa, sg) is actually played, Bob believes that
Ann initially expected a payoff Ea[75(sa,sg5), G| which corresponds to Ann choosing s4 and Bob
randomizing with probabilities ¢ and 1 — ¢. More precisely:

Ea[m(sa,sp), 4l = ma(s4,q) = qma(sa, 1) + (1 — @)ma(sa,0).
Then, for every pure strategy profile (s, sp) € {0,1} x {0, 1}, Bob’s guilt-dependent utility is:

up(q,08,(sa,58)) = 7B(sa, sp) — 0p max{0, Ea[n{(s4,5B), 4] — ma(s4,58))}-
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7TA(176> :aq+b(1_q~)7 WA(O,Q) :Cq—i_d(l_q)a

1)) = a—60pmax{0,Gga+ (1 — §)b—a} = a — g max{0, (1 — §)(b—a)},

,0)) = ¢ — pmax{0,da + (1 — §)b — b} = ¢ — 0p max{0,G(a — )}, ®)
1)) =b—60pmax{0,gc+ (1 — §)d — ¢} = b — O max{0,(1 — §)(d — ¢)},

0) =d (1-—

— 0 max{0, gc + qg)d —d} =d— 0pmax{0,q(c — d)}.

The Psychological Game

From the previous arguments, it follows that in the psychological game with guilt averse players,

Ann’s utility matrix is:

Ann H L

H |a—04max{0,(1—p)(b—a)} | b— 04 max{0, (1 —p)(d—c)}

L ¢ — 04 max{0,p(a —b)} d — 0, max{0,p(c — d)}

Bob’s utility matrix is:

Bob H L

H | a—0pmax{0,(1 —q)(b—a)} | c —Opmax{0,g(a —b)}

L | b—0pmax{0,(1—¢q)(d—c)} | d—0pmax{0,G(c—d)}

It can be easily observed that the psychological terms in the utility functions depend on whether

azb, czd.

First of all, note that condition
a>b (9)



represents the situation in which Ann (resp. Bob) would prefer the unilateral deviation of Bob
(resp. Ann) from the asymmetric equilibrium (H, L), i.e. (1,0) (resp. (L, H), i.e (0,1)), to the
symmetric (non-equilibrium) profile (H, H), that is (1, 1). Similarly,

d>c (10)

represents the situation in which Ann (resp. Bob) would prefer the unilateral deviation of Bob
(resp. Ann) from the asymmetric equilibrium (L, H), that is (0,1) (resp. (H,L), i.e. (1,0)), to
the symmetric (non-equilibrium) profile (L, L), that is (0, 0).

Note also that, under conditions (Generalized Hawk-Dove), inequalities (9) and (10) cannot hold
simultaneously since they would imply

b<a<c<d<b,
which is impossible.
Finally, observe that
a=bc=d
cannot hold simultaneously for the same reasons, since we would get
c>a=b>d=c,

which is impossible.
Therefore, we can identify three different types of the Hawk-Dove game that give rise to three
different kind of psychological games:

Conditions Cases
Hawk-Dove Game | (Generalized Hawk-Dove): a < ¢, d < b, b # ¢

Type 1 (Generalized Hawk-Dove) (+) a < b, ¢ < d a<c<d<b
d<a<b<ec

d<a<c<b

. a<d<ce<b

Type 2 (Generalized Hawk-Dove) (+) a < b, d < ¢ dedeb<c
a=d<c<b

a=d<b<c

Type 3 (Generalized Hawk-Dove) (+) b < a, d < ¢ d<b<a<c

Type 1: As explained above, this family of games corresponds to the situation in which both players
would prefer the unilateral deviation of their opponent, from the pure strategy equilibrium
towards the symmetric profile (L, L) (where the identity of the deviant depends on which of
the two equilibria is played). Note also that in Type 1 games, the other symmetric profile
(H, H) is Pareto dominated by the two pure Nash equilibria. Finally, as explained in Section
2, this case includes the classical Hawk-Dove game.
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Type 2: The nature of this family of games is substantially different from Type 1. In fact, in Type
2 games, players would never prefer a deviation of their opponents from a Nash equilibrium
to a symmetric profile. Equivalently, both the symmetric profiles are Pareto dominated by
the two Nash equilibria.

Type 3: This family of games is equivalent to Type 1 games. The unique difference is that the pure
strategy H plays the role of the strategy L (for both players) and vice versa. Consequently,
both players would prefer the unilateral deviation of their opponent, from the pure strategy
equilibrium towards the symmetric profile (H, H) so that the other symmetric profile (L, L)
is Pareto dominated by the two pure Nash equilibria.

4  Psychological Games and Equilibria

In order to include psychological aspects in the Hawk-Dove game, we take into account the model
for static psychological games introduced in [Geanakoplos et al., 1989].

In the general model, we consider a finite set of players I = {1,...n} and, for each player
i € I, we denote with 4; = {a},... ,af(i)} the finite set of pure strategies of player ¢. Following
the standard notation, A = Ay x --- x A, = [],.; Ai represents the set of strategy profiles and
A=A X XA 1 XA x--x A, = H#i A; represents the set of i’s opponents strategy
profiles. The set X; denotes the set of mixed strategies of player i and ¥ = [[,.,; %, ¥ =[] i D
denote respectively the set of mixed strategies profiles and the set of i’s opponents mixed strategies
with the classical notation that (o;, 0_;) with o; € ¥; and 0_; € ¥_; to indicate the mixed strategies
profile o € X..
We denote with b; = (b}, b2,--- ,bF ---) a generic (infinite) hierarchy of beliefs of player i that,
roughly speaking, represents what player ¢ believes the others will play, what player ¢ thinks the
others believe their opponents will play, and so on. We will restrict our attention to the subset of
collectively coherent hierarchies of beliefs B;, which is the set of hierarchies of beliefs of player i
in which he is sure (i.e. with probability equal to 1) that it is common knowledge that beliefs are
coherent. We relegate to Appendix A an exhaustive and precise description of (collective coherent)
hierarchy of beliefs.

A standard psychological game is described by G5 = {A;,--- A, ,uy,--- ,u,} where, for
every i € I, the utility functions u; have the form u; : B; x ¥ — R ([Geanakoplos et al., 1989)]).

Equilibrium notion

The notion of psychological Nash equilibrium introduced in [Geanakoplos et al., 1989] is based on
the idea that the entire hierarchy of beliefs must be correct in equilibrium. More precisely, each
player is equipped with a function f3; : ¥ — B; which selects, for every ¢ € ¥, the hierarchy of
beliefs 8;(c) = (b}, b2, -+ ,b%, -+ ) in which player i believes (with probability 1) that his opponents
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follow the mixed strategy profile o_;, that each opponent j # i believes that his opponents follow
o_;, that each opponent j # ¢ believes that his opponents believe that the others follow the mixed
strategy profile o and so on. Then, a psychological Nash equilibrium is defined as a pair (b*,0*)
where b* = (b3, .-+ ,b*) with b} € B; and ¢* € ¥ such that, for every player :

i) b; = Bi(0");
i) u;(bf,0%) = w; (b}, (0;,0%,)) for every o; € 3.

We can also say that (3(c*),0*) is a psychological Nash equilibrium of the game G&¥3.

Summary utility functions and best replies

In Geanakoplos et al. [1989], a characterization for psychological Nash equilibria has been given.
The summary utility functions are defined as follows:

w0, 1) = ui(Bi(o), T), V(o,7) € ¥ x X. (11)
Then (B(0c*),0*) is a psychological Nash equilibrium if and only if, for every i € I,
wi (07, 0%,), (07, 0%,)) = wi (07, 0%,), (93, 07,)), Vyi € X, (12)
or equivalently of € BRSPS (0% ) with

BR@'GPS(Uii) = {Ui € Zi | wGPS((O-ivo-ii)v (0'2‘,0:)) = wz‘GPS((Uiagii)’ (yiaaii))v vyi € Z%} . (1?’)

i

5 Equilibria under Guilt Aversion

In this section, we characterize the psychological equilibria of the Hawk-Dove game in presence of
guilt aversion. Building on the utilities for pure strategies described in Section 3 and illustrated in
(7) and (8), the expected utilities are constructed in the classical way. Ann’s expected utility from
playing the mixed strategy y, assuming Bob plays the mixed strategy ¢ and holding a second-order
belief p, is given by:

UA(Z;’ QA, Y, q) =Yq uA(Ii 9147 17 1) + y(l - Q) uA(ﬁa 9A7 ]-7 0)+

(1 —y)qua(p,04,0,1)+ (1 —y)(1 — q) ua(p,6a,0,0). (14)

Similarly, Bob’s expected utility from playing the mixed strategy y, assuming Ann plays the mixed
strategy p and holding a second-order belief ¢, is:

uB(d? 937p7 y) = pyuB(d? 937 17 1) +p(1 - y) UB((ja 937 170)+
(1 _p>yuB((j7 93707 1) + (1 —p)(l - y) uB(q’ 03’070)' (15>

9



Recall that p € BRGP9(q) if and only if p maximizes w4, given that Bob plays ¢ and that p is
correct (i.e., p = p). More precisely, p € BR$"%(q) if and only if

ua(p, 04, (p.q)) = wi"((p,q), (0, 9)) = wi™((p,9), (v,0)) = ua(p,ba, (p,y)) Yy €0,1].

Consequently, computing BRGY®(q) requires maximizing ua(p, 0.4, (y, q)) with respect to y, under
the condition that p must be consistent with the maximizer.

Similarly, ¢ € BR%P%(p) if and only if ¢ maximizes up, given that Ann plays p and that § = q.
More precisely, ¢ € BRE"®(p) if and only if

us(q,95, (p.9)) = w5 ((p, q), (p,q)) = wi"((p.q), (p,y)) = us(q, 05, (p,y)) Yy €[0,1].

From the previous section, it follows that a psychological Nash equilibrium in this setting is
any pair (p*, ¢*) such that
p* € BRG™(q")
{q* € BRE™ (p").

In particular, we will focus only on Type 1 and Type 2 games. As clearly shown in Section
2, Type 3 is essentially equivalent to Type 1 when strategy L plays the role of strategy H, and
viceversa. This symmetry is clearly reflected in the characterization of the psychological Nash
equilibria. However, the computations differ slightly?.

Main results

In the next subsections, we characterize the best-reply correspondences and the resulting equilibria
for both Type 1 and Type 2 games in the model with guilt. The results presented below show that
the scenario is rather diversified.

Regarding Type 1 games, we observe that the shape of the best-reply correspondences depends
on whether the sensitivity parameters 6, and 0 exceed the threshold ratio %, which measures
Ann’s losses (respectively gains) with respect to Bob’s gains (respectively losses). Whenever the
sensitivity parameters do not exceed this ratio, the set of equilibria is only weakly affected by
guilt aversion: the two pure-strategy equilibria persist, and there exists a unique equilibrium in
completely mixed strategies that depends explicitly on the sensitivity parameters and converges
to the mixed equilibrium of the standard game as the sensitivity to guilt converges to zero.

In contrast, when 64 and g are larger than this ratio, the scenario changes significantly: a
new pure strategy equilibrium emerges, corresponding to (L, L), i.e., the symmetric strategy profile
that is not Pareto dominated by the two Nash equilibria. The two asymmetric equilibria of the
material game are not destroyed by guilt aversion in this case either. Finally, there are no longer
equilibria in completely mixed strategies; instead, two new equilibria emerge in which one player

chooses L while the other randomizes.

2They are available upon request.

10



In Type 2 games, players’ guilt aversion affects only the completely mixed-strategy equilibrium
(due to the perturbation of probabilities), while the two pure asymmetric equilibria survive. No
other equilibria emerge.

5.1 Typel: a<b, c<d

In this case, the strategic form game is the following:

Type 1 a<b c<d
Bob
H
Ann L

q a—0g(1—q¢)(b—a) c
a—0,(1=p)(b—a) b—04(1—p)(d—rc)

) b— 51— 3)(d— o) d

c d

During the next calculations, it will be useful the notation:

(a+d)—(b+c¢)=7v<0,

b—d=6>0,

(16)
d—c= A,
b—a=p.

Ann’s best reply correspondence

In this case, Ann’s expected utility from playing the mixed strategy y, expecting Bob playing the
mixed strategy ¢ and having second order belief p is

uA(ﬁa 0147 Y, q) =

yla((1+ =P (a+d) = b+0)) +(b—d) = (1= P0ald— )| +eqg+d(1-q). (17)

Now, we can prove the subsequent proposition:

11



PROPOSITION 5.1: Let G be an Hawk-Dove game (a < ¢, d < b). Assume that a < b, ¢ < d and

denote with:
 d—b404(d—0)
m(0a) = (1+604)((a+d)—(b+¢))’
b= d-+lla+d) - (b+0)
Oa(d—c—ql(a+d) — (b1 o))

Pi(q,04) =1—
Then, Ann’s best reply correspondence is given by the following:

i) If 04 < %, then:

;

1 if 0 < g <m(fa),
(0,1} if ¢ =m(0a),
BRG™(q) = 1 {0.1, Po(g, 04} if mi(0a) < g < W(G),
{0,1} if g = ¥(G),
0 if U(G) <q<1,

\

where

- }0, %} — R is strictly decreasing with

lm_ m(64) = (C) mdm(ﬁﬂ)zm

0.4—0+ d—c
- Pi(+,04) : [m(04),¥(G)] — R is strictly increasing for every 04 and
Py (m(04),04) =0 and P (VY(G),04) = 1.
it) If 04 > 52, then:

{0,1,Pi(q.04)} if0<q< (@),
BRG™5(q) = < {0,1} if ¢ = V(Q),
{0} if U(G) <q<1,

where the function Pi(-,04) : [0, V(G)] — R is strictly increasing for every 04 and

b—d

ey MRG0 =1

Pi(0,04)=1

12
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Proof. Consider the expected utility function w4 (p, 04, y,q) as defined in (17). Then

(1) If

q((1 +(1=p)0a)((a+d) — (b+ c))) Y h—d)—(1—p)ad—c) >0,  (24)

then w4 (p, 04, (-, q)) is strictly increasing, therefore it is maximized only by y = 1. The
consistency condition with the maximum for correct beliefs implies that p = 1; it follows
that (24) becomes:

q((a+d)—(b+c)>+(b—d)>0. (25)
Since (a+d) — (b+¢) <0and d — b < 0, (25) is equivalent to

d—>b
7= (a+d)— (b+c) = V(@) <1

Hence, for g € [0, ¥(G)],

wi™((1,9), (1,9) 2 w5 (L), (v,0) Yy €[0,1],

and 1 € BR$"%(q).

There are no other maximizers in this case.

If
a((1+ (1= p)0a) ((a+d) = (b+0)) + (b —d) = (L= p)ald—c) <0, (26)

then w(p, 04, (+,q)) is strictly decreasing and it is maximized only by y = 0. In this case,
the consistency condition with the maximum for correct beliefs implies that p = 0; it follows
that (26) becomes:

q<(1+0A)((a+d)—(b+c)>+(b—d)—9A(d—c)<0 (27)
or, equivalently, bearing in mind that (a +d) — (b+¢) <0,

d—b+9A(d—C) _
(1+604)((a+d)— (b+¢))

q> M (0a). (28)

Now we have to find the values of ¢ € [0, 1] that satisfy (28). For this purpose firstly observe

that:
d—0>

Jm, mla) = o g - YE)
and g
g ma) = o g <0< )

13



Using the notation in (16), we have that:

—5+Ma  OmBa) A+

A — 0
SO0 o0 a0 Tl

m(0a) =

since \+d=d—c+b—d=b—c>0and vy <0. Son(0a) is strictly decreasing and there
exists a unique point 6, > 0 such that 7,(#’,) = 0, that corresponds to
b b—d

/*—_
HA_A d—c

(29)

Therefore, we get that for 04 < €4, 11(64) > 0 and (28) is satisfied for all ¢ €]|n;(04),1]. If
04> 6, n1(04) <0 and (28) is satisfied for all ¢ € [0, 1].
This finally implies that

i) If 04 < 222, then, for all ¢ € Jni(64), 1],

wi"((0,),(0,9) = wi™((0,0), (y,0) Yy e[0,1],
and 0 € BRGP%(q).
ii) If 64 > 2=¢  then, for all ¢ € [0, 1],
wi™((0,9),(0,9)) = wi"((0,9), (y.0))  Vye[0,1],
and 0 € BRGP%(q).
There are no other maximizers in this case.

If
a((14 (1= p)0) ((a+d) = (b+0) ) +(b—d) — (1~ bald =) =0, (30)
then ua(p,04,(y,q)) is constant with respect to y, therefore every y € [0,1] maximizes

ua(p,0a, (+,q)). Solving for p in (30) we get:

b—d+gla+d) —(b+e)]
Oa(d—c—qlla+d) —(b+c)])

p=1-

Pl(q7 QA)

So, in this case, p = Pi(q,04) is the unique Ann’s best reply, provided that P;(q,04) € [0, 1].
Now, from (16), Pi(g,64) can be rewritten as

0+ qy
Pq,04)=1——121
1(4,64) Oa(X—q7)
Then: OPy(g,0.) (A+6)
14,04 Y +
LA AT S0 W, >0,
Jq Oa(X—qv)? 4
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asy<Oand A+d=b—c>0.
So Pi(+,04) is strictly increasing for every 64 > 0. Now,

) d—>b

Pi(q,04) =1 < g=——= =V(G) < 1.
1(4,04) 1 v (a+d)—(b+¢) (G)
Moreover,
) 0 b-—d
P(0,04) = 1—E>0<:>9A>X—d_c.

So, if 04 > Z;j, then

Pi(q,04) €10,1] Vq€e[0,¥(G)]
and b d
P(0,04) =1— m > 0.

If 64 < Z%‘i, there exists a unique point g(64) such that:

b—d+q0a)[(a+d)— (b+c)]

Pi(q(0a),04) =1

It can be easily computed that

9,4(d—C)+(d—b) .
1 +9A)[(a+d) “bro] M

and that n;(04) > 0 for every 04 < . Hence, in this case

Pi(q, 9A) S [07 1] Vg e m(0a),¥(G)].

q(04) = (0a)

Summarizing:
i) £ 04 < =2 then, for all q € [n1(0.), ¥(G)],

wiP5((Pi(q,04), ), (Pi(q,04),9)) = w§7*((Pi(q,04), ), (y,9))

and Pi(q,04) € BRG?%(q). Moreover

Pi(m(04),04) =0, Pi(V(G),04) =1.

i) Tf 64 > b=4 then for all ¢ € [0, ¥(G))],
wG"((Pi(g,04),9), (Pi(q,04),0) = w5 ((Pi(q,04), ), (v, 0))

and Py(q,04) € BRGYS(q). Moreover

b—d

Pi(0,04) =1~ ACED)
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Bob’s best reply correspondence

Bob’s expected utility from playing the mixed strategy y, expecting Ann playing the mixed strategy
p and having second order belief ¢ is

up(q,04,0,y) =
yp«1+u_gw@«a+@—awm»)+@—dy_u_qwmd—@]+@+du—m. (32)

It follows that Bob’s expected utility is substantially the same of Ann’s one when we replace ¢
with p, p with ¢ and 64 with 5. Using the same arguments we can easily deduce Bob’s best reply
correspondence. For the sake of completeness we report a complete characterization of the Bob’s
best reply correspondence in the proposition below.

PROPOSITION 5.2: Let G be an Hawk-Dove game (a < ¢, d < b). Assume that a < b, ¢ < d and
denote with:

b—d+platd) — (b+c)
05(d—c—plla+d) — (b+c)])

Let my be defined as in Proposition 5.1. Then, Bob’s best reply correspondence is given by the

Q1(p.0p) =1— (33)

following:
i) If Op < %, then:

(1 if 0 <p<m0p),

{0,1} if p=m(0p),

BRG"(p) = ¢ {0,1,Q:(p,05)}  if m(0p) <p < ¥(G), (34)

{0, 1} if p=9(G),

0 fo(G) <p<,
where

- M }0, %} — R is strictly decreasing with

lim () =V(G) and (b — d) = 0;

0p—0+ d—c
- @Q1(+,0B) : [m(0B), ¥(G)] — R is strictly increasing and

Q1 (m(0),08) =0 and Q,(¥(G),0p) = 1. (35)
i) If Op > %, then:

{0,1,Q:1(p,05)} if0<p<¥(G),
BRE"(p) = { {0,1} if p="V(Q), (36)
{0} ifU(G) <p<l1,
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where Q1(+,05) : [0, ¥(G)] — R is strictly increasing and
b—d

Q1(0793):1—m

and  Q (W(G),05) = 1. (37)

Equilibrium analysis

Making use of the best reply correspondences computed in the previous subsection, in this section
we analyze the set of psychological Nash equilibria in the different cases. Firstly, we will provide
a characterization of equilibria in mixed strategies that will be useful.

Characterization of equilibria in mized strategies

From the structure of the best reply correspondences, we get that a completely mixed strategy
profile (p*, ¢*) is an equilibrium if and only if it is a solution of the following system:

0+ qy ,

=P (q,04)=1— ———, i

p l(q A) QA(/\ — C]'Y) ( )

(38)
o+ py g
= O0g)=1— ————. i
From equation (ii), we obtain
)\93(1 — q) -0

Let Dy : E— R be the function defined by:

Di(q) = Pi(q,04) — 11(q,0B),

where E is the intersection of the domain of P;(q,64) with the image set through Q1 (p,04) of its
domain.

It follows that a completely mixed strategy profile (p*, ¢*) is equilibrium if and only if ¢* is a
zero for Dy, that is, D1(¢*) = 0. We have:

dq Oa(X—q7)? dq Y(1+0p(1 —q))?

So,
9?Py(q,04) . 272(\ +6) <0 and 021,(q,04) . 20%(\ + 0)
9q* 0a(A —q7)? dq* Y1+ 05(1 —q))
being 04,05, A,0 >0, v <0, ¢ € [0,1]. So Dy is twice differentiable with

0Di(q,04) _ 0°Pi(q,04)  0°1i(g,04)
0q? 0q? 0q?

;>0 Vgel0,1]

<0 Vqel0,1]
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implying that D; is strictly concave.

Threshold parameters

The previous propositions show that the structure of the best reply correspondences depends
on b4

0a,0p 2 T

Note that:
- b — d represents the absolute value of the loss incurred by Ann (resp. Bob) when she (resp. he)
unilaterally deviates from the pure Nash equilibrium to the Pareto undominated symmetric profile
(L, L).
- d — ¢ represents the absolute value of the gain obtained by Bob (resp. Ann) when Ann (resp.
Bob) unilaterally deviates from the pure Nash equilibrium to the Pareto undominated symmetric
profile (L, ).

Therefore, from Ann’s point of view, the ratio % captures her losses (resp. gains) relative to
Bob’s gains (resp. losses) when Ann chooses H (resp. L) as the best response to Bob’s choice of
L. The same reasoning applies symmetrically to Bob.

b—d
d—c

FEquilibria in case 0 < 0y, 0 <

BRE"(q)
1¢ SR i
| 0 =
V()] S— -;,";j: ,,,,,,,,, |
p—a] ") |
0, =0g = ‘ ‘
d—c | |
| o 1 BRE"(p)
Tes . o
L mfa) ----» ¥(G) 1 q
() Oas 0F
b—d

Figure 1: Case 0 < 04, 5 < 7
—c
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In Figure 1, the best reply correspondences are illustrated. It is clear that the two pure strategy
equilibria (1,0) = (H, L) and (0,1) = (L, H) persist under guilt aversion. It is also evident that
there are no other equilibria in which one of the strategies is pure. When 04,05 < %, there exists
a unique equilibrium in completely mixed strategies. This follows from the fact that the function
D; has a unique zero in the interval |n;(64), ¥(G)[. This conclusion is based on the following
arguments:

1) D1(n1(04)) < 0 (since Pi(n1(04),04) =0 and I1(11(04),05) > 0), and D1(V(G)) > 0 (since
P (Y(G),04) =1 and I;(V(G),05) < 1); by the continuity of Dy, this implies the existence of at
least one zero in |1 (04), ¥(G)][.

2) D; cannot have more than one zero in this interval, otherwise it would have a local minimum
between them, contradicting the fact that D; is twice differentiable and its second derivative is
always negative, as shown above.

The figure demonstrates the effect of guilt aversion on the completely mixed strategy equilib-
rium: both components are lower than U(G), implying that both players assign a higher probability
to the pure strategy L. As 04,05 approach Z%”cl, the equilibrium converges to (0,0), which cor-
responds to (L, L). In fact, when 04,05 = %, it holds that n(04) = m(0p) = 0, so Dy has a
unique zero at ¢ = 0, making (L, L) a new pure strategy equilibrium, with no other mixed strategy
equilibria.

As a final remark, guilt aversion affects only the opponent’s equilibrium strategy. This is clearly
seen in the case where one player, say Bob, is not affected by guilt aversion (65 = 0), while Ann
is (04 > 0). In this scenario, the equilibrium is identified in Figure 1 as the intersection between
the graph of Pi(q,04) (in blue) and the horizontal dotted line (in red) at level ¥(G). In this
equilibrium, Ann’s strategy is exactly p* = U(G), while Bob’s equilibrium strategy is ¢* < ¥(G).
It follows that Bob has to play L with a larger probability to compensate Ann’s disutility from guilt.

b—d
Equilibria in case 04,0 > i
—c

The scenario is now illustrated in Figure 2. First, observe that a completely mixed strat-
egy equilibrium may occur if and only if the function D; admits a zero in the open interval
1Q1(0,05), ¥(g)[. However, this condition cannot be satisfied because:

1) D; attains a positive value at the extreme points of the interval; in fact, D1(Q1(0,05)) > 0
(since P1(Q1(0,05),04) > 0 and I1(Q1(0,0p),05) = 0) and D1(Q1(0,05)) > 0 also holds as
P (Q1(0,0p),04) =1 and 1,(Q1(0,05),05) < 1. Since D, attains a positive value at the extreme
points of the interval, then D; cannot have a unique zero in the interval.

2) If D; had more than one zero, it would require the existence of a local minimum. However, this
is impossible (as previously explained), because the second derivative is strictly negative.

So, there are five equilibria in which at least one player chooses a pure strategy. In fact, in
addition to the three pure strategy equilibria from the previous case ((H, L), (L, H), and (L, L)),
two new equilibria appear: (p,q) = (0,Q1(0,0p)) (resp. (p,q) = (P1(0,04),0)), in which Ann
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D
(@)
0s  P1(0,04)q
: | BRE"S(p)
b—d\ T
b=d\ T o ©
(d—c) 0 Q1(0,0p) \I](G) T 1

b—d
Figure 2: Case 04,05 > 7

—C

(resp. Bob) plays L and Bob (resp. Ann) randomizes with probability Q1(0,68p) (resp. P1(0,64)).
Note also that Q1(0,0p) (resp. P1(0,604)) tends to 1 as g (resp. 64) diverges to infinity.
G b—d
Equilibria in case 0 < g < i <04

This scenario corresponds to the asymmetric situation in which one player (Bob in this case) has

while Ann has high sensitivity, i.e.
d—c d—c

We first observe that, in general, P;(0,04) can be greater, smaller or equal to 7;(0p) as the

< 4.

a low sensitivity to guilt aversion, i.e. g <

following example shows.
ExaAMPLE 5.3: Consider the Type 1 game a =1, c =2, d = 3, b = 4 so that

b—d
93<1:d—<9A.

We get:
1 g — 1
1( ) A) o an 771( B) 2(1+93)

So, P1(0,2) = 1/2 < 1,(1/6) = 5/14 < P,(0,5) = 4/5.

Therefore, we can have both the situations described in Figures (3a) and (3b). Observe first
that (H,H) and (L, L) are equilibria in both cases. In case Pi(0,04) < m(0p), following the
same steps of the case in Figure 1, we get that D; has a unique zero in |0, (G)[ which gives the
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unique equilibrium in completely mixed strategies. In case P;(0,04) > 1:(65), following the same
steps of the case in Figure 2, we observe that D; does not have zeros, so there are no equilibria in
completely mixed strategies, but there is an equilibrium in which Bob plays L and Ann randomizes
with probability P;(0,604). When P;(0,04) = 1m1(6p), this latter equilibrium persist providing a
zero for Dy, as, in this case, we have D;(0) = 0. Finally, note that the case g = 0 affects
only the case P;(0,04) < n1(0p); in this case we have a completely mixed strategy equilibrium

(p,q) = (Y(G), q) with ¢ < ¥(G))

PIBRGPS(q)
16

U (G)
m(0s)
P1(07 014)
0
(a) Subcase P;(0,04) < 1n1(0B) (b) Subcase P1(0,04) > m(6p)
. b—d
Figure 3: Case 0 < 0 < - < 04
—c

5.2 Type 2: a<b; d<c

In this case, the strategic form game is the following:
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Type 2: a<b d<c
Bob
Ann i
a—0p(1—q)(b—a) c
H -
a—04(1—p)(b—a) b
. b d —0pg(c —d)
c d—04p(c—d)

Ann’s best reply correspondence

Ann’s expected utility, from playing the mixed strategy y, expecting Bob playing the mixed strat-

egy ¢ and having second order belief p, in this case is

uA(D,0a,y,q) =

y[q<(a+d)—(b+c)+9A(a—b)+9Ap(b+d—a—c))+b—d+ﬁ9A(c—d)}+

(1—¢q)(d—0ap(c—d)) + cq

(39)

PROPOSITION 5.4: Let G be an Hawk-Dove game (a < ¢, d < b). Assume that a < b, d < ¢ and

denote with

Py(q,04) = —

d—b—f—QA(d—C)

m2(04) =

d—>b

(a+d)—(b+c)+0a(d—c)’

n3(04) =

(a+d)—(b+c)+0a(a—0)

q[(a+d)—(b+c)+9A(a—b)]+(b—d)‘
9A<q(b—|—d—a—c)+c—d)

(40)
(41)
(42)
(43)
(44)

Then, for every 84 > 0, Ann’s best reply correspondence is given by the following:
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(1 if 0 < q < n3(0a),
{0,1} if g =n3(04),
BRE™(q) = { (0.1, Pa(.62)}  if ma(6a) < 0 < ma(6). 45)
{0,1} if ¢ =12(04),
L0 if m2(04) < g <1,

where
- 12 :]0, +o0[— R is strictly increasing and

lim 75(04) = ¥(G); lim 7p(04) = 1.

04—07+ 04—+00
- 13 :]0, +oo[— R is strictly decreasing and

lim n3(04) = ¥(G); lim 73(04) = 0.

040+ fa—+o0
- Py(+,04) : [n3(04),m2(04)] — R is strictly increasing and
Py (n3(04),04) =0 and P, (n2(0a),04) = 1. (46)
Proof. First note that from (16) we get:
A<0, pu>0.
Consider the utility defined in (39). Then:
(1) 1f
q((a+d) — (b+e) +9A(a—b)+0,4p(b+d—a—c)) tb—d+pfa(c—d) >0, (47)

then u4(p, 04, (-, q)) is strictly increasing, therefore it is maximized only by y = 1. The
consistency condition with the maximum for correct beliefs implies that p = 1; it follows
that (47) becomes:

q((a+d)—(b+c)+9A(d—c))+b—d+6,4(c—d)>O (48)
Since (a+d) — (b+¢) <0,d—c<0and d—b <0, (48) is equivalent to

d—b—i-@A(d—C)
(a+d)—(b+c)+0a(d—c

q < ) :772(9A)
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It can be easily checked that
m2(04) €]0,1[ V04 > 0.

Moreover
lim 75(04) = ¥(G); lim 7y(6a) = 1.

04—0t 0a—+o00
Since 72(04) can be rewritten as
—0 + 04
g,) = 2 vah
12(6) YA O\

we get
Omp(0a) _ Ay +9)
89,4 N (’}/ + 9A>\)2
where the latter inequality is satisfied because d — ¢ < 0, and (a — ¢) < 0. It follows that
n2(04) is strictly increasing in ]0, +o0o|. Hence, for ¢ € [0,72(64)],

wi™((1,9), (1,9)) = w§™((1,9),(y,q) ¥y e[0,1],

and 1 € BR$"%(q).

There are no other maximizers in this case.

>0 <= AMvy+6)=(d—c)(la—c) <O,

If
q<(a+d)—(b+c)+9A(a—b)—l—9,4]5(b+d—a—c)>+b—d~l—ﬁ9,4(c—d) <0, (49)

then us(p, 04, (-, q)) is strictly decreasing and attains a maximum point only in y = 0. The
consistency condition with the maximum for correct beliefs implies that p = 0. Then, (49)
becomes:

q((a—i—d) —<b+c>+9A<a—b)) tb—d<0.

Since (a+d) — (b+¢) +04(a—b) <0 for all 4 > 0 and d — b < 0, it can be easily checked
that (49) is equivalent to

S d—2b ns(04)
17 atd) —(b+c) +0s(ab) PBUA
with
n3(04) €]0,1] V04 €]0,+00[, lim n3(04) = ¥(G), lim n3(04) = 0.
04—0t 0 A—+00

Finally, it immediately follows that n3(64) is strictly decreasing in ]0,4o00[. Therefore, for
qc ]773(914)7 1]’

wG7((0,9),(0,9)) = w§™((0,9), (y,q))  Vye[0,1],

and 0 € BR$"%(q).
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(3) It
q<(a+d)—(b+c)+0A(a—b)+0Aﬁ(b+d—a—c)) +b—d+pa(c—d) =0, (50)

then wa(p,04,(y,q) is constant with respect to y, therefore every y € [0,1] maximizes
ua(p, 04, (-, q)). Solving for p in (50) we get:

qglla+d)— (b+c)+0s(a—b)]+ (b—d)

D= — =P5 ,(914.
! eA(q(b+d—a—c)+c—d> (0:04)
Now:
Py(q,04) =0 <= q[la+d) —(b+c)+0a(a—0)]+(b—d) =0 <
B d—b _
q_(a—l—d)—(b—l—c)—i—HA(a—b)_n?’(A)’
and

Py(q,04) =1 — Q[(a+d)—(b+c)+0A(a—b)]+(b—d)+0A(q(b—l—d—a—c)—l—c—d) =0 —

d—b+9A(d—C)
(a+d)—(b+c)+0a(d—c

q= )an(GA)-

Moreover, using notation in (16), P»(q,04) can be rewritten as:

q(y — pba) + 0

Py(q,04) = _9A<q(u—}— N )\)'

We have that:

OP(q,04) 1 0 |:Q<7M9A)+5] _ L A+ Gapd = S(u+ X))
<Q(M+>\) —A> Oa (q(u+)\) - )\>2

dq 04 0q
From the assumptions we know that § > 0, > 0, A,y < 0, therefore it follows that uA < 0

and

OP5(q,04) S0 e 0, > W\+5(M+)\)'

dq LA
Now observe that o > 0 and v+ d = a — ¢ < 0. It follows that A(y +d) > 0 and
YA+ (1 + A) )\(7—|—5)+5,u<

UA UA

0;

s0, P5(-,04) is strictly increasing in the interval [13(04),72(64)] for every 64 > 0.

25



Bob’s best reply correspondence

As already noticed in the previous Type 1 section, Bob’s expected utility is substantially the same
of Ann’s one when we replace ¢ with p, p with ¢ and 6, with fg, so we can easily deduce Bob’s
best reply correspondence. For the sake of completeness, we report it in the proposition below.

PROPOSITION 5.5: Let G be an Hawk-Dove game (a < ¢, d < b). Assume that a < b, d < ¢ and
let g and ns defined as in Proposition 5.4. Let

plla+d)— (b+c¢)+0p(a—b)|+ (b—d)

Qa(p,08) = — (51)
QB(p(b+d—a—c)+c—d>
Then, for every g > 0, Bob’s best reply correspondence is given by the following:
(1 if 0 < p<ns(0)
{0,1} if p=ns3(05)
BRE™(p) = 1{0,1,Q2(p,08)}  if ns(05) < p < 12(0p) (52)
{0,1} if p=n2(0p),
(0 if n2(0p) <p <1,
where
- 19 3]0, +00[— R is strictly increasing and
Jm ny(05) =V(G); | Hm na(fp) = 1.
- 13 :]0, +00[— R is strictly decreasing and
i n(0p) = V(G lim s (05) = 0.
- Qa2+, 08) : [13(0B),n2(0p)] — R is strictly increasing and
QQ (7]3(93), 93) =0 and QQ (7]2(93), ‘93) =1. (53)

Equilibrium analysis

In this section, following the steps provided for Type 1 games, we give a characterization of the
equilibria in completely mixed strategies in Type 2 games. Then, we analyze the equilibria of the
game. In particular, we will show that, regardless of the sensitivity parameters 04,60, the two
pure strategy equilibria of the game (H, L) and (L, H) survive to guilt aversion. Moreover, one
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equilibrium in completely mixed strategies, which depends on 0,4, 05, always exists.

Characterization of equilibria in mized strategies

From the structure of the best reply correspondences, we get that a completely mixed strategy
profile (p*, ¢*) is an equilibrium if and only if it is a solution of the following system:

p= Pyg04) = ——L1 = 100) & (i)
0a(q(u+ N /\> -
q= Qa(p,05) = — ply = 1bi) 0 : )

05 (p 1+ A )\>
From equation (i7), we obtain

q)\HB -0
Ty — s+ afp(p T A)

Let Dy : [n3(64),m2(64)] — R be the function defined by:

= I5(q,0B).

Ds(q) = P2(q,04) — I2(q,0B),

It follows that a completely mixed strategy profile (p*, ¢*) is equilibrium if and only if ¢* is a
zero for Do, that is, Dy(q*) = 0.

LEMMA 5.6: For every 04,05 > 0, there exists a unique point q* €]n3(04),n2(04)[ such that
Ds(q*) = 0. Moreover:

p+A>0 = %fm <0, % >0, Z D2(q> <0 Vg €ns(0a),n2(04)];
pAA<0 = SEl >0, gl <o, & % >0 Vg elm(6a),m@a),  (55)
prA=0 — THGM) TRy _ 20 o Vg €]nz(0.4), m2 (04
Proof. It can be immediately checked that Ds is twice differentiable with:
OPy(q,04) _ Ay —0ap) +0(p+ A) 015(q,04) _ 05(0p+ (v + )N — uAbp)
- 2 ) - . 2
Jq 0.4 (Q(N FA) — )\) dq (v — w0p + qOp(p+ N))
and )
0"Py(q,04) _ 2(p+A) (Map — Ay +9) — op)) (56)
0q? B 3 ’
1 9A<qu+(q— 1)A>
0°1(q,04) _ 2(u+ NOp(Mifp — My + 0) — po) (57)

o2 (v + A+ (¢ — 1)pbp)?
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Now, the denominator in (56) is positive for every ¢ as qu > 0 and (¢ — 1)\ > 0 and they cannot
be equal to 0 simultaneously. Moreover,

AMba — Ay +9) —pd <0 (58)
as 0,0 >0, \,y<0Oand v+ =a—c<0,so that uA <0, du > 0 and A(y + ) > 0. Therefore

82P2(q7 QA)

0 20 <= p+As0.

Similarly, the denominator in (57) is negative for every g as v < 0, g\ < 0 and (¢—1)u < 0. Then,
from (58), it follows that

0*15(g, 0a)

T 20 = atAz0

Hence, (55) follows. Moreover

Py(n3(04),04) = 0; I2(n3(04),04) >0 = Ds(n3(04)) <0

and
Py(n2(04),04) = 15 I2(n3(0a),04) <1 = Ds(n2(0a)) > 0;

Consequently, there exists at least a zero for Dy in |n3(04),12(04)[. If there exists more than
one zero, the function Dy should have at least a local maximum point and a local minimum point,
but this is not possible whatever the value of u + A is, as the second order derivative of Dy has
constant sign. O

Equilibria

From the structure of the best reply correspondences (see Figures 4 and 5), we immediately
see that the two pure strategy equilibria of the game (H, L) and (L, H) persist in case of guilt
aversion regardless of the sensitivity parameters 64, 0g. The previous Lemma 5.6 shows that there
exists a unique equilibrium in completely mixed strategies that is the solution of system (54) and
therefore depends on 64,0p. The sign of the term A 4 p affects only the concavity/convexity of
the function Dy and the asymptotic behavior of the completely mixed strategy equilibrium.

Note that, by the definition in (16),

A+u>0 <<= b+d>a+c,

where b+ d is the sum of Bob’s payoffs when Ann plays L, and a + ¢ is the sum of his payoffs when
she plays H. Thus, the condition A+ g > 0 indicates that Bob is better off, on average, when Ann
plays L rather than H.

Another interpretation can be provided: since

A+ pu>0 << b—a>c—d,
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Figure 5: Type 2: Subcase p + A < 0.

the condition A + p > 0 also means that Ann prefers Bob’s deviation from the symmetric strategy
profile (H, H) towards the asymmetric equilibrium (H, L) rather than his deviation from the
symmetric profile (L, L) towards the asymmetric equilibrium (L, H).

Finally, consider the case in which only Ann is affected by guilt aversion, i.e., 84 > 0 and
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0 = 0. We immediately observe that, as for Type 1 games, only Bob’s mixed equilibrium strategy
is perturbed. When A + > 0 (Figure 4), in equilibrium Bob plays H with a lower probability
compared to the case without guilt. Conversely, when A 4+ p < 0 (Figure 5), Bob plays H with a
higher probability.

REMARK 5.7: Some insight into the asymptotic behavior of the equilibria in completely mixed
strategies can be given. To this aim, denote with H = A + p. Solving the system (54) we get that
the second component ¢*(64,605) of the completely mixed strategy equilibrium is one (and only
one) of the two solutions

—b— VA b+ VA

q1(9A7 QB) = 2 9 Q2(‘9A7 GB) - 2a
where
~b=7%—py(04 +0p) — SH(04 — 0p) + (1 — N\)HO 40,
a=H (—03")/ + (,u - )\)9,403)
and

A= (= + py(0a+0p) + SH(0s — 05) + (A — p) HOA05)” —
AH (—0p7 + (u — N)0a0p) 6 (—y — X4 + ubp) .

In order to understand the asymptotic behavior of the equilibrium points, we focus on the case

0 =0p =10. We get

' (=0 — N — e ' (2= )0 4 A — e
GEI—POO a1f) = 922100 2(u2? — \2)62 ’ aggloo (0) = HEI—POO 2(p2 — \2)62

where the previous limits can attain the values 0 or 1 depending on the sign of A + p. As the
equilibrium component ¢*(0) is equal to ¢;(0) or g2(@), we get that a converging subsequence,
denoted (with an abuse of notation) with {¢*(6,,) }nen converges to 0 or 1 depending on the data
of the game. Therefore, the corresponding sequence of equilibria {(p*(6,), ¢*(6,)) }nen converges
respectively to (L, L) or to (H, H).

6 Conclusions

Our analysis shows the extent to which guilt aversion influences the equilibrium structure of
generalized Hawk-Dove games. In Type 1 games, guilt aversion can drive the system toward the
Pareto-undominated symmetric profile, especially when sensitivity parameters exceed a specific
threshold, thereby providing a mechanism for conflict resolution. In Type 2 games, guilt aversion
only modifies the mixed strategy equilibrium. These findings highlight the role of guilt aversion in
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shaping strategic interactions, offering insights into how psychological and behavioral factors can
resolve or exacerbate conflicts in coordination problems.

Finally, this paper represents the first contribution to a broader project aimed at characterizing
equilibria under guilt aversion across all classes of symmetric 2 x 2 games, which will be the focus
of future research.

7 Appendix A: Beliefs Structure

The hierarchical structure of beliefs is constructed below.
Denote with A(X) the set of probability measures on a given set X, then

B} := A(X_;) is the set of first order beliefs of player 4,
B? :== A(X_; x B!)) is the set of second order beliefs of player 4,

BF(2_; x B, x --- x B*71) is the set of k-th order beliefs of player i,

7

and so on, where

Bfi = H Bj’? is the set of k-th order beliefs of ¢’s opponents,
J#
for every player ¢ and for every k € N.
Therefore, k-th order beliefs of player i is represented by a probability measure over others’

mixed strategies and other’s beliefs up to the (k — 1)-th order. In the end, the set of hierarchies of
beliefs of player i is

B, =[] B
k=1
whose elements are infinite hierarchies of beliefs b; = (b},b?,--- ,bF,---). Hence, player i’s beliefs

represent (via probability measures) what player i believes the others will play, what player i thinks
the others believe their opponents will play, and so on. Since, for every k € N, BF is compact
and can be metrized as a separable metric space, the set B; is, in turn, metrizable and separable.
Moreover, it results to be compact under the topology induced by this metric (see [De Marco et al.,
2022] for further details).

We will restrict our attention to the subset of collectively coherent beliefs B; C B;, which is
the set of beliefs of player ¢ in which he is sure (i.e. with probability equal to 1) that it is common
knowledge that beliefs are coherent. Specifically, a belief b; € B; is said to be coherent if, for every
k € N, the following holds:

marg(b¥™, Y x B, x---x BF7Y) = bk (59)

7
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The set B; is compact as well (the detailed construction of the set of collectively coherent beliefs
can be found in [Geanakoplos et al., 1989] and the proof of its compactness in [De Marco et al.,
2022].
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