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Abstract: This study aims to link two related social psychology concepts, self-awareness and
politeness, with human helping behavior and demonstrate it from the perspective of psychological
game theory. By establishing a game theory model, and adding politeness and self-awareness as
influencing factors, the Bayesian Nash equilibrium clarified people’s help-seeking and help-giving
behavior. As a result, we explained the relationship between politeness, self-awareness, and the
willingness of the help seekers, as well as the helpers, and we can thus understand why some people
do not seek help or give help. Specifically, on the one hand, from the perspective of help seekers, we
found that people with a high level of self-awareness and politeness tend not to ask others for help. On
the other hand, from the perspective of helpers, we found that people with a high level of self-
awareness and politeness tend to help others. To the best of our knowledge, this is the first application
of Bayesian Nash equilibrium based on psychological game theory in studying human help-seeking
and help-giving behavior.

Keywords: self-awareness; politeness; helping behavior; Bayesian Nash equilibrium; psychological
game theory

1. Introduction

Research on human helping behavior focuses on a series of core questions: Why and when do
people help? Who does help? How can we reduce apathy and increase helping behavior? How do we
improve the chance of successful help-seeking? [1]. These issues are critical to building a harmonious
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society of mutual assistance.

Social exchange theory [2,3] proposes that human social behavior results from an exchange
process to maximize benefits and minimize costs. This theory suggests that the reasons for helping
behaviors include external rewards, internal rewards, and social norms. Among them, internal rewards
include alleviating a sense of guilt, happiness from a good mood, and bringing a sense of achievement,
etc. Two fundamental concepts related to internal rewards are self-awareness and politeness. These
two factors are closely related to the sense of guilt, achievement, and happiness on both sides of the
helping behavior. However, existing research rarely touches on the connection of self-awareness and
politeness to human help-seeking and help-giving behaviors, especially from the perspective of
psychological game theory.

The conceptualization of self-awareness is complicated [4—7], and includes both intrapersonal
and interpersonal perspectives [4—7]. Some researchers use the distinction between private and public
aspects to describe its intra- and interpersonal aspects [8—10]. In these studies, the private aspect
involves paying attention to one’s inner thoughts and feelings, and the public aspect is the general
perception of the self as a social object that influences others [11]. According to Carden et al., “Selt-
awareness consists of a range of components, which can be developed through focus, evaluation, and
feedback, and provides an individual with an awareness of their internal state (emotions, cognitions,
physiological responses), that drives their behaviors (beliefs, values, and motivations) and an
awareness of how this impacts and influences others” [4]. The self-awareness related to help-seeking
and help-giving behavior, applying the self-awareness definition given by Carden et al., includes a
range of interpersonal components and intrapersonal components to develop connections between self
and helpers or help seekers, it is developed through focus, evaluation, and feedback, and provides an
individual with an intrapersonal aspect of self-awareness that drives their behaviors and the
interpersonal aspect of self-awareness [4,6]. The interpersonal aspect of self-awareness leads people
to pay attention to publicly displayed aspects of the self [12,13]. People pay attention to how others
perceive them based on their behavior, etc. [14], and they are more likely to change their minds and
behaviors when others are present [15-17]. Based on the above discussion, we identified self-
awareness as one of the factors influencing helping behavior in this study. That is, helpers with a high
level of self-awareness are strongly aware of other people’s behavior and reflect on their own behavior
when they are asked for help, so they change their behavior. Conversely, helpers with a low level of
self-awareness generally are unaware of their own and others’ behavior, so they don’t change their
behavior. In the same way, the above discussion also applies to help seekers [18]. Going a step further,
when helpers with a high level of self-awareness are asked for help, they will concern about the help
seekers’ perceptions. Self-awareness promotes the belief that one has a relatively great personal
responsibility for others and tends to increase helpfulness [19-23]. For help seekers, self-awareness is
an essential reason for the embarrassment [24]. When help seekers with a high level of self-awareness
cannot give back, they will feel belittled because they receive help. Therefore, people with a high level
of self-awareness are often reluctant to seek help [25-27].

Politeness refers to people applying good manners or etiquette [28]. An understanding of
politeness requires an understanding of its psychosocial underpinnings. At the same time,
understanding the corresponding psychosocial phenomena can also be improved by studying the role
of politeness in these psychosocial processes [29,30]. Politeness theory proposes that politeness can
both indicate and create social distance [29,31,32]. Politeness is relevant to several research areas in
social psychology, including person perception and impression management [29]. When people hold
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prosocial and impression management motivation, they attach importance to two results: helping
others and improving their own image [33]. The desire to maintain a good image can stimulate helping
behavior [34]. If the level of politeness of helpers is high, they would care more about their image and
feel sympathy for help seekers when asked for help, so they would tend to help [35]. For help seekers,
if they care about making trouble for others too much, it’s hard to seek help [36]. If help-seeking is
low yield and high cost to helpers, help seekers would also have negative emotions such as debt and
apology [37]. They are afraid they will not be able to repay and are ungrateful. This politeness, as
human nature, will affect people’s help-seeking behavior.

Game theory refers to a theoretical framework for envisioning social situations between
competing players, which implies optimal decisions for independent and competing players in an
environment [38]. As a model of interactive situations between players, the game theory focuses on games
where one player’s payoff depends on another player’s strategy [39]. Games identify players’ identities,
preferences, and available strategies and focus on the impact of those strategies on outcomes [40]. We
establish a psychological game theory model to analyze people’s help-seeking and help-giving
behavior. According to the Bayesian Nash Equilibrium in this study, given the help seeker and helper
characteristics, that is, the probability distribution of self-awareness and politeness, each person will
choose the strategy that maximizes his/her expected utility.

This study aims to link two related social psychology concepts, self-awareness and politeness,
with human helping behavior and demonstrate using a game-theory-based Bayesian Nash equilibrium
approach. This study is thus expected to make the following potential contributions: First, this study
would illustrate the influence of self-awareness and politeness on help-seeking and help-giving when
people are in trouble. Second, this study would be able to clarify the relationship between politeness,
self-awareness, and the willingness of the help seekers as well as the helpers. Third, this study will
compare the results obtained by the method of Bayesian Nash equilibrium based on a psychological
game in this study with the results obtained by the method of psychological experiments in previous
studies, to verify the conclusion of social psychology about the influence of self-awareness and
politeness on helping behavior, through the mathematical method of psychological game theory.

2. Models

In this study, we firstly established a game theory model, which was proposed by Harsanyi [41]
and adopted by many researchers, such as Myatt and Wallace; Huang and Zhu [42,43].

The characters on the stage are player A as a help-seeker and player B as a helper. Player A can
be people with the low ability signed as L or high ability signed as H. Player B can also be people
with low ability or high ability. Low ability and high ability are basic settings in this study. Therefore,
the utility function of each player is:

U=U1+U2+U3

U, is the utility of the actual cost paid. Uj is related to the basic cost ¢ and the ability cost of that
player, thus, U; = —ac; from player A’s point of view, if player B does not help him, he/she has to
work on it by himself; that is Uy, = —ayc; If Player B helps, he/she can do it without effort; that is
Usq1 = 0; from player B’s point of view, if he/she helps player A, he/she has to make his/her own efforts,
that is Ug; = —agc; If he/she does not help, he/she does not have to make an effort; that is Ug; = 0.
The player with high ability costs less; on the contrary, the player with low ability costs more.
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U, is the utility of self-awareness, which is related to the degree of self-awareness; represented
by a, and the speculation about how others think of himself, represented by E(a). Thus, U, =
—a[E(a) —a]. Eg(as_seex) means player B speculates on player A’s ability when player A seeks
help; Eg(as_not seex) means player B speculates on player A’s ability when player A does not seek
help; E, (aB_ Help) means player A speculates on player B’s ability when player B helps;
E, (aB_ Not help) means player A speculates on player B’s ability when player B does not help. U; is

the effect of politeness, and the degree of politeness B (0 < < 1) is related to the basic cost and his
actual ability, thus, Uz = —fca.
Player A’s utility in seeking help is:

Up—seek = —alEp(@p—seer) — aa]l — Pacag

Player A’s utility when he/she does not seek help is:

Us—Not seek = —QaC — Ay [EB(aA—Not seek) - aA]

Player B’s utility when he/she helps is:

Up_Help = —ApC — ap [EA(aB—Help) - aB]
Player B’s utility when he/she does not help is:
Up_Not hetp = —@B [Ea(as-not help) — ag| — Becau
When the difference between the ability predicted by others and his actual ability is positive, it is

aq; and when it is negative, it becomes a,. The relationship between a; and a, is 0 < ; < ;.
The game tree is as follows:

)
Y
O/n-A (1-Pg) Py A\
o] N o
LA PA
N e
Hy [(1—Py)
U
s 1,p Do 1-u
: s0s H 5 Ly s0s -
- n
4 0-P) g P 4 1-m
1-6 n

Note: Nature enters twice in this game. In the game tree, N means nature. All the situation happens naturally. A means
player A. B means player B. L, means player A's ability is low. Py means the probability when player A's ability is low.
H, means player A’s ability is high. SOS means player A seeks help while the n means do not seek help. h means player B
helps while n means player B does not help. The others are beliefs.

Figure 1. Game tree.
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The probability of L, with high ability is P4; The probability of H, with low ability is (1 —
P,); L,’s probability of seeking help is g; its probability of not seeking help 1 — g; The probability
of Hj’s help-seeking is q’; Its probability of not seeking help is 1 — q’. Let the probability of L, be
P4, the probability of H, be (1 — P,4). Let the probability of Ly be Pg, the probability of Hg be
(1 — Pg). The probability of Lg giving help is 7’, its probability of not helping is 1 —7". The
probability of Hp giving help is 7, its probability of not helping is 1 — r. Thus, the belief of players
A and B at each point is:

y = (1—Pp)qPy _ qP4 1—y= aA—Pa) .,  _ PpqPy _
qPa(1—Pp)+q'(1—Pp)(1—Pa)  qPa+q(1—Pp)’ qPa+q'(1—Pp)’ qPAPB+q'Pp(1—Py)
aPa_ . q_,—_a0-Pa) . __ Q-PmaPar __ (-Ppr | _
,—’ - p - v—’ E - ’ » ) - E -
qPa+q' (1—Py) qPa+q'(1—Py) qPA(1—Pp)r+qPgPar’ (1—Pp)r+Ppr
Pgr’ . — (1—PB)(1—Py)q'r — (1—Pp)r 1 — Pgr’ .9 =
(1—pPp)r+pPpr’ K q(1—Pp)A—Ppr+qPp(1—Pa)r  (1—Pp)r+Ppr’ K (1—Pp)r+pPpr’
(1—PB)Paq(1-r1) _ (1—Pp)(1-7) . 9 = Pp(1-1") L
~ ) - - T =
q(1—Pp)Pa(1-1)+qPgPa(1-17")  (1—Pp)(1-1)+Pp(1-T") (1—Pp)(1-1)+Pp(1-1)
(1—Pp)(1-P4)q’'(1-1) _ (1—Pp)(1-1) o — Pp(1-1) .
q(1—Pp)(1-Pa)(1-1)+q'Pg(1-Po)(1-7)  (1—Pp)A-1)+Pp(1-1")’ (1—Pp)(1-1)+Pp(1-1)’
(1-@)Pa(1—Ps) _ (1-9)P4 1_§=
(1-@)Pa(1—Pp)+(1-q)(1—Pp)(1—Pa)  (1-q)Pa+(1-q)(1—Pa)’
(1-q)(1—Pg)(1—Py) _ (1-9)(1—Pa)

(1-q)Pa(1—Pp)+(1-q)(1—Pp)(1—Pa)  (1-q)Pa+(1-q)(1—Pa)

Therefore, if player A seeks help, player B is in two situations: help or not help. Take the utility
of player A when player B helps as Uygeero, and the utility of player A when player B does not help A
as Upseerx- Thus,

Us—seeko = —alEp(as_seer) — aal — Pacag
Up-seekx = —aaC — au[Ep(aa—seer) — aal

Player A’s utility is:

Up-seek = Pelr"Us—seero + (1 = 7")Up—seerx] +

(1 = Pp)[rUs-seexo + (1 = 1)Us—seckx]

Us-Not seek = —@aC — alEp(aa-not seex) — aal

In the case of H, with high ability:
[Eg(an—seex) — Hal = (1 = Pg)[Lay + Hy(1 = y)] + Pg[Lap + Hy(1 — p)] — Hy
=[Lay + Hy(1=y)] —Hy >0
[Es(an—not seer) — Hal = (1 = Pg)[Ly6 + Hy(1 — 8)] + Pg[Lgo + Hy(1 — 0)] — Hy

Therefore, a, of both parties is ay44. Player A’s utility in seeking help is:
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Ua-seek = Pplr"Us—seero + (1 — 7")Us_seerx]

+(1 — P)[rUs—seero + (1 = 1)Us_seerx]
= [Pgr’ + (1 - PB)r]{_aAl[[LAV + Hy(1—y)] - HA] — Bacag} + [Pg(1 — 1) +
(1= Pg)(1 = 1)]{—cHa — au[[Lay + Ha(1 = )] = Hy]}

Player A’s utility when he/she does not seek help is:

Us—Not seek = —A4C — @y [EB (aA—Not seek) - aA]
= _HAC - OlAl[[LA5 + HA(l - 6)] - HA]

In the case of L, with low ability:

[Ep(@a—seex) — Lal = (1 = Pg)[Lyy + Hy(1 —y)] + PglLap + Hy(1 — p)] — Ly
=[Lyy +H(1—-y)]—-L, <0
[Eg(as-not seer) — Hal = (1 = Pg)[Ly6 + Hy(1 — 8)] + Pg[Lao + Hy(1 — 0)] — Ly

=[La6 + Hy(1-68)] - L, <0

Therefore, a, of both parties are a,4,. When player A seeks help, the utility is:
Us-seek = Pl Us—seero + (1 = 1) Up_seerx]

+(1 = Pp)[rUa-seexo + (1 = ") Us—seekx]
= [Pgr’ + (1 - PB)T]{_aAZ[[LAy +H,(1—-y)] - LA] — Bacag} + [Pg(1 —7) +
(1= Pp)(A = 1)l{=cLy — any[[Lay + Hy(1 = Y)] = La]}
Player A’s utility when he/she does not seek help is:
Us—not seek = —LaC — aAZ[[LA5 + Hy(1-6)] - LA]
In the case of Hp with high ability:
|Ea(@p-pew) — ag] = PalLp(1 — €) + Hgel + (1 — Py)[Lp(1 — ) + Hpu] — Hp

=LB(1_€)+HBE_HB>O

|Ea(as-not neip) — Hg| = PalLp(1 — 6) + Hp6] + (1 — Py)[Lp(1 — m) + Hpm] — Hp

=Lp(1—0)+Hg6 —Hz >0

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.
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Therefore, ag of both parties are ap;. At this time, the utility of player B when he/she helps is:
Up_tetp = —HpC — aBl[EA(aB—Help) - HB]
= —Hpc — ag,[ Lg(1 —¢€) + eHp — Hp]
The utility of player B when he/she does not help is:
Ug—Not hetp = _aBl[EA(aB—Not help) - HB] — Bgcay
= —ap[Lg(1 —8) + Hg0 — Hg] — Brcay
In the case of Lg:
[EA(aB—help) - aB] = Py[Lg(1 — &) + Hgel + (1 — Py)[Lp(1 — p) + Hpp] — Lg
=Lg(1—€e)+ Hge—Lg <0

[EA(aB—not help) - aB] = Py[Lp(1—6) + HgB] + (1 = Py)[Lp(1 —m) + Hgm] — Lp

=Lg(1—0)+Hg8 —Lg <O
Therefore, ap of both parties are ap;. At this time, the utility of player B when he/she helps is:
Up—Hetp = —Lpc — atp [EA(aB—Help) - LB]

= _LBC - a’Bz[LB(]. - E) + EHB - LB]

The utility of player B when he/she does not help is:
Up_nNot help = —@B2 [Ea(as-not heip) — Lp| — Bscay
= —ap[Lp(1 — 0) + Hgb — Lg] — Brcay
Equilibrium analysis

Equilibrium analysis examines what happens when the system reaches equilibrium and the

conditions required to achieve equilibrium [44]. Equilibrium analysis is critical in game theory because
game equilibrium refers to the realization of the maximum utility of each party in the game, that is, to
achieve the satisfaction of each party with the game result so that the actual utility and degree of
satisfaction obtained by each party are different. In game equilibrium, such a relatively static state is
in which all players do not want to change their strategies [45].

Bayesian Nash Equilibrium refers to a set of strategies: given the probability distribution of a

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.
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player’s own characteristics and the characteristics of other players, each player chooses a strategy to
maximize his expected payoff; that is, no one has the incentive to choose other strategies [46]. This
study uses a Bayesian Nash equilibrium to analyze the game between the helper and the help seeker.

Therefore, the player’s decision-making goal is to maximize his/her expected utility given his/her
own type and the relationship between the other player’s types and strategic choices. Bayesian Nash
Equilibrium is a type-dependent strategic combination [47].

We now start to analyze the equilibrium. When players A and B decide on their strategy, they
would select the strategy with larger utility, thus this study should compare the difference in the utility
of players’ different selections.

Furthermore, player B with high ability can expect player A’s ability as ag = yLy + (1 —
y)H,.The ability of player B with low ability can expect player A’s ability as a, = pLy + (1 — p)H,.
We thus substitute them into the utility function. In addition, Player A with either the high ability or
low ability would decide to seek help or not; player B with either the high ability or low ability would
decide to help or not. When player A is helped by player B with high ability, » = 1; when player B
with high ability does not help, r = 0; when player B with low ability helps, " = 1; when player B
with low ability does not help, " = 0; when player A with low ability seeks for help, g = 1; when
player A with low ability does not seek for help, g = 0; when player A with high ability seeks for help,
q' = 1, when player A with high ability does not seek for help, g’ = 0. In summary, there are
situations includingr = 1,r =0, =1, =0, =1,9 = 0,9’ = 1,q' = 0. As a result, there are 16
combinations. According to calculating, there are nine equilibriums. The following section will discuss
these equilibriums. For example, the first equilibrium is stated as follows: Hg help; Lg not help; Ly,
seek; H, not seek.

Hr=1r=0q=14q9=1

In the case of Hp:

Ug—tetp — Up—Not hetp = agy(Lg — Hp) + c(Bg[PaLs + (1 — P4)H,] — Hp)
In order to meet the condition Ug_yeip — Ug—not hetp > 0, there must be:

a (Lp—Hp) Hp
Bl clpaLa+(1-Pa)Ha] * [PaLa+(1-Pa)Hal

B > —

The relationship between Bz and ap; is shown in the following figure:

A

Bs

Hp
PpLa+ (1 —Py)Hy
7
cHp aq
Ly —Hp

Note: The blue textured scheme represents the range of possible values for Player A's self-awareness and politeness. This

color scheme also applies to other pictures with a blue color scheme.

Figure 2. fp and ap;’s range of possible values in equilibrium 1).

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.
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In the case of Lg:

Ug—teip — Up-Not hetp = ap2(Lg — Hg) + c(Bgas — Lg)

In order to meet the condition Ug_pelp — Up—nothelp < 0, there must be:

(Lp—Hp) Lp
[PALg+(1—-Pa)Ha]  PpaLa+(1-Pg)Hy

Bs < —ag; "

The relationship between [z and ag, is shown in the following figure:

Bs

Ly
Pyl + (1= Py)Hy

I

CLB a,
Lp — Hg

Figure 3. fp and ap,’s range of possible values in equilibrium 1).

NeXt, let HB:HA’ LB:LAJ PB:PA’ Ap1 = Ay1=QAq1,Apy = (ZA2=a2,ﬂA = ﬁB' In this case, set the
difference between a; and a, to ¢ Thus, a, — a; = €. Because player B must meet the conditions
of Hg and Lg, we thus find the union set of Hg and Lg. To put the two figures above together, we

must distinguish occasions between L:ﬁi — - L;Ijz ~ as case 15 and L:f‘; —— E< L;ilfz ~ as
case 2p. At this point:
Case 1z : Case 25 : 0
Bs ‘
Lp
PsLy+ (1= Py)H, >
=
=
PaLa+ (1 - Po)H, /
cHg cLp ag

Figure 4. The union set of fp and apincase 15 in equilibrium 1).

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.
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In the case of Hy:
Us—seek — Ua-not seek = —@a1(y — 6)(Ly — Ha) + (1 — Pg)c(Hy — BaHp);
Therefore, in order to meet the condition Uj_geex — Ua—Not seek > 0, there must be:

(y—8)(La—Ha) | Ha

< —-a .
Pa Al cHp(1-Pp) Hp

Because there are (y —8) >0 and (y — &) < 0, The relationship between B, and ay; is
shown in the following figure:

Ba g )
y=6>0 Pa y-8<0 A

cHg(1-Pg) @ cHg(1 =Py ) @, cHg(1 =Py ) L
Ly—=Hy i (La=Hy) (La—Hy)

Note: The pink textured scheme represents the range of possible values for Player B's self-awareness and politeness. This

color scheme also applies to other pictures with a pink color scheme.

Figure 5. 4 and ay4,’s range of possible values in equilibrium 1).

In the case of Ly:
Us—seek — Un—not seek = —@a2 (¥ — 6)(Ly — Hy) + (1 — Pg)c(Ly — Baag)
= —ay,(y — 6)(Ly — Hy) + (1 — Pg)c(Ly — BaHp])
Therefore, in order to meet the condition Uy_seer — Usa—_not seer = 0, there must be:

_ (y=8)La—Ha) | La
BA < aAZ CHB(1*PB) HB

Because there are (y —&) >0 and (y — &) < 0, the relationship between 4 and ay, is
shown in the following figure:

Ba y=46>0

y-46<0 Ba
Ly La

Hg N Hy ‘ La

Hy

A
=—————— N .
cly(1—-Pg) a;  cly(1-Pg) NPT .
(La—Hy) Ly~ Hy Ly~ H,

Figure 6. [, and ay,’s range of possible values in equilibrium 1).

Because player B must meet the conditions of Hy and L,4, we thus find the union set of H, and

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.
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. La(1-P Ha(1-P
Ly. Owingto &€ >0, — Lal—Pp) _ & must be less than — HAQPE) Tperefore:
La—Hy La—Hy
Ba
1
_ cHg
(La—Ha)

Figure 7. The union set of 54 and a4 in equilibrium 1).

Players A and B must satisfy all of the conditions of the game equilibrium case 15 or case 2.
Thus, the result that satisfies the conditions of players A and B is 0 < ¢ < C. The figure is as follows:

B Dr=1r=0g=14=1
Lg
Pala + (1= P)HA [
Hpg :
Pala + (1 = Py)Hy | ™~
CHH c!‘ﬁ 1451
LB - HB LB - HB

Note: The yellow textured color scheme represents the range of possible values of self-awareness and politeness shared by

Players A and B. This color scheme also applies to other pictures with a yellow color scheme.
Figure 8. The union set of player A and player B in equilibrium 1).

2)r=1r=0,qg=1,49=0
In the case of Hp:

Up—tetp — Up—Not hetp = @p1(Lg — Hg) + c(BgLs — Hp)
Therefore, in order to meet the condition Ug_peip — Ug—not neip > 0, there must be:

(Lg—Hp) , Hp
> —qag ———+ —
lBB B1 cLy La

The relationship between fp and ag; is shown in the following figure:

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.



10504

Be

a;

Figure 9. 5 and ap;’s range of possible values in equilibrium 2).

In the case of Lg:
Up—teip — Up—not hetp = @p2(Lg — Hg) + c(BgLa — Lg)

Therefore, in order to meet the condition Ug_peip — Up—not neip < 0, there must be:

(Lp—Hp) |, Lp
< —Qg,——+—
ﬁB B2 cLy La

The relationship between fp and ag, is shown in the following figure:

B

Lg —Hg

Figure 10. S5 and ap,’s range of possible values in equilibrium 2).

. : L
To put the two figures above together, we must distinguish occasions between LC Z —-&>
B—HB

cL cH
ascase 1z and —2— —§ < —2
Lp—Hp Lp—Hp Lp—Hp

At this point:

as case 2g.

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.
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Case 1y : Case 25 : @

»

Bs

Ly—Hp ;
CLAHB %///,
La //2///////;/
= .
cHg clLg _¢ a
Lg—Hg Lg—Hg

1-

/

Figure 11. The union set of Sz and ap in case 1z in equilibrium 2).

In the case of Hy:

Up—seek — Ua—not seek = —a1(La — Hy) + (1 — Pg)c(Hy — faHp)

Therefore, in order to meet the condition Uy_geer — Us—not seex < 0, there must be:

(La—Hy)

c(1-Pg)Hp +1

Ba> —ay

The relationship between 4 and a,; is shown in the following figure:

Ba

cHg(1—Py) o
Ly—Hy

Figure 12. 8, and a,;’s range of possible values in equilibrium 2).

In the case of Ly:

Ua-seek — Us—not seek = —Qaz(La — Hy) + (1 — Pg)c(La — BaHp)

Therefore, in order to meet the condition Uy_geer — Us—not seex > 0, there must be:

(La—Ha) Ly

Ba < = cHg(1—Pp)  Hp

The relationship between S, and a,, is shown in the following figure:

Mathematical Biosciences and Engineering Volume 19, Issue 10, 10493-10532.



10506

(La—Hy)

Figure 13. 5, and a,,’s range of possible values in equilibrium 2).

CLA(l_PB) _ 6

To put the two figures above together, we must distinguish occasions between T >
A—MHA
cH4(1-Ppg) cLy(1-Ppg) cH4(1-Pp) . .
———= ascase 1, and ——— § < ———= ascase 24. At this point:
La—Hgpy La—Hp La—Hy

Case 1, : Case 2, : @

LA LA = HA

>
cHy(1=Py) A= Pola_
Ly — Hy La—Hy

Figure 14. The union set of 5, and a4 incase 1, in equilibrium 2).

Player A must satisfy all of the conditions of the game equilibrium case 1,. Player B must satisfy
all of the conditions of the game equilibrium case 15. To satisfy both case 1, and case 15, there must
be 0 < & < c(1 — Pg). The figure is as follows:

B
Lo La—Ha
Hp cHy(1-P)

a
cHy(1—Pg) cHy c(1—Pp)lLy cLg
Ly—Hy Lp—Hp Lp—Hy L — Hp

4 cHy(1-Pg )
Ly—Hy

Figure 15. The union set of player A and player B in equilibrium 2).
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3) r=1,7=0,q=0,4 =0
In the case of Hp:

Up—netp — Up—not heip = ap1(Lp — Hp) + c(BplyLa + (1 —y)H,] — Hp)

Therefore, in order to meet the condition Ug_peip — Ug—not hetp > 0, there must be:

(Lp—Hp) Hp
[YLa+(1-y)H4] = yvLa+(1-y)Hga

Bs > —ap, .

The relationship between Sz and ap; is shown in the following figure:

Bs

Hp
YLa+ (1 —y)H,

Z

cHg ay

Figure 16. Sz and ap,’s range of possible values in equilibrium 3).

In the case of Lg:
Up—nep — Up—not netp = @p2(Lg — Hg) + c(BplpLa + (1 — p)Hy] — Lp)
Therefore, in order to meet the condition Ug_peip — Up—_not hetp < 0, there must be:

a (Lp—Hp) Lp
BZ clpLa+(1-p)Hal = pLa+(1-p)Ha

B < —

The relationship between [z and ag, is shown in the following figure:

Bs

Ly
pLa+ (1 —p)H,y

Figure 17. Sz and ap,’s range of possible values in equilibrium 3).
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.. . . cL
To put the two figures above together, we must distinguish occasions between T : —-&>
B—HB
cH cL cH . .
E _ascase 15 and —2— — & < —2— ascase 2p. At this point:
Lp—Hp Lp—Hp Lp—Hp
Case 1p : Case 25 : @
ﬂh‘
Ly ~ Ly — Hp
ply+(1=p)H, clply +(1=p)H, ]
Hli
YLa+ (1= 1)H, //
N .
cHg cLg _ @
Lg — Hg L — Hp

Figure 18. The union set of S5 and ap incase 1g in equilibrium 3).

In the case of Hy:

Us—seek — Un-not seek = — Qa1 (¥ — 6)(Lay — Hy) + (1 — Pg)c(Hy — BaHp)
Therefore, in order to meet the condition Uy_seer — Us—not seer < 0, there must be:

(y—8)(La—Hy)

cHg(1—Pp) +1

Ba> —ay

When (y —8) >0 and (y — &) < 0, the relationship between B, and @4; is shown in the
following figure:

Ba
Ba y—56>0 . y-6<0

Does not exist l e —

cHg(1-Py) a | | R cHg(1-Py) @
Ly—Hy a, Ly—Hy

Figure 19. 5, and a,4;’s range of possible values in equilibrium 3).

In the case of Ly:
Us—seek — Un-not seek = —Qa2(y — 6)(Ly — Hy) + (1 — Pg)c(La — BaHp)
Therefore, in order to meet the condition Uy_seer — Us—not seer < 0, there must be:

(y—8)(La—Ha) | La

B> = cHp(1—Pp) Hp
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When (y —&) >0 and (y —6) < 0, the relationship between 4 and a4, is shown in the
following figure:

Ba y=6>0 Ba
y=-46<0

Ba
Ly

Hyg

Does not exist

c(1—=Pg)L, a; c(1—Pg)L, a;
Ly—H, @ Ly—Hy

Figure 20. 5, and ay,’s range of possible values in equilibrium 3).

Owing to:
cLa(1-Pp) cHp(1-Pp) cLa(1-Ppg) cHp(1-Pp)
a,—ay =& —A—FB > BB agcase 1,,—2—L — & <—E—F a5case 2, are
La—Hy (La—Hjy) La—Hg La—Hg
as follows:
Case 1, : Case 2, :
R Ba
Ba
I Ly—H,

Hp  °c(1—Pp)Hy

c(1 —PB)LA_f a
Ly —Hy

Figure 21. The union set of 4 and a4 incase 1, and case 2, in equilibrium 3).

Player A must satisfy all of the conditions of the game equilibrium case 1, and player B must
satisfy all of the conditions of the game equilibrium case 1; and case 2z. Because case 2y is an
empty set, the union set of case 25 and case 1, is also an empty set. To satisfy both case 15 and
casely, there must be 0 < & < c(1 — Pg). To satisfy both case 15 and case 24, there must be
c(1 — Pg) < & < c. Both of them are shown in the following figure:
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Ly Lg — Hg

pLy +(1—=p)H, c[pL, +(1—p)H, ]
1

§

CHB(I - PB)

cL
Ly —H, :

Lp—Hp

Figure 22. The union set of player A and player B in equilibrium 3).

Hr=0r"=0q=1q9=1
In the case of Hp:

Up—teip — Up-not hetp = @p1(Lg — Hp)[e — (1 — Pg)] + c(Bg[Palas + (1 — Py)Hy] — Hp)
Therefore, in order to meet the condition Us_perp — Ua-not heip < 0, there must be:

(Lp—Hp)[e—-(1-Pp)] Hp
< —
Be B P aLa+(1=P LAl | Pala+(-Pr)la

When (¢ —60) > 0and (¢ — 0) < 0, the relationship between Sz and ap; is shown in the
following figure:

By

£—-60>0 N By
Be
e-6<0 -
> - | V= ——

Hy Z_—_— y:
ay Ny Hy Z_ =
™ [\\\\ —____ w =
............ = ,//// _ Z =
cHy a, = = =

Figure 23. S5 and ap,’s range of possible values in equilibrium 4).
In the case of Lg:
Up—netp = Up_not hetp = Xp2(Le — Hp)[e = (1 = Pg)] + c{Bp[Pala + (1= Pa)H,] = L}

Therefore, in order to meet the condition Ug_peip — Up—not hetp < 0, there must be:

_ (p-Hp)le-(1-Pp)] Le
Pp < —ap; C[PaLa+(1-Pa)Ha] = [PaLa+(1-Pa)Hy

—

When (¢ —8) > 0and (¢ — 08) < 0, the relationship between Sz and ag, is shown in the
following figure:
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. .
By t Bs
e=-6>0 By £=0<0

Ly
Pylg+ (1- I’,,)M,,\ Ly .
b, Pt =Py ) Pala+(1=PH, /|,

Z
Z

Figure 24. S5 and ap,’s range of possible values in equilibrium 4).

cLp CHp

Owingto & >0, — — & must be less than — - . Therefore, the union set is:

Lp—Hp p—Hp

Hg
Qg /

__“He a
Ly-Hg

Figure 25. The union set of Sz and ag in equilibrium 4).

In the case of Hy:

Un—seek — Ua—not seek = — a1 (Py — 8)(Ly — Hy)

Therefore, in order to meet the condition Uy_geer — Ua—not seek > 0, there mustbe: (Py — ) <
0. When (y — 6) < 0, the relationship between 84 and a,; is shown in the following figure:

Figure 26. 5, and a,;’s range of possible values in equilibrium 4).
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In the case of Ly:
Up—seex = Ua—not seek = —az2 (¥ — 8)(La — Hy) + (r + Pgr’ — Pgr)c(Ly — faag)
= —ay(Py— 6)(Ly — Hy)

Therefore, in order to meet the condition Uyg_geer — Ua—not seek = 0, there must be: (P4 — ) <
0. When (y — &) < 0, the relationship between 8, and ag,, is shown in the following figure:

Ba

Figure 27. [, and ay,’s range of possible values in equilibrium 4).

The condition of player B and player Ais 0 < &. As shown in the following figure:

B

Ag

cily (Yl
Lg—Hp

Figure 28. The union set of player A and player B in equilibrium 4).

5) r=0,r=0,q=0,qg =0
In the case of Hp:
Up-seek — Up-not seek = @p1(Lp — Hp)[e = (1 — Pp)] + c(Bp[yLa + (1 —y)Ha] — Hp)
Therefore, in order to meet the condition Ug_geer — Up_not seex < 0, there must be: (S <

_ (Lp—Hp)[e-(1-Pp)] Hp _ _ i i
51— )] + TTEETAE when (¢—0) >0 and (¢—6) <0, the relationship

between Sz and ap, is shown in the following figure:
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£=-6<0
£e-6>0

Ly —Hg “La—Ha

Figure 29. S5 and ap,’s range of possible values in equilibrium 5).
In the case of Lg:
Ug—teip — Up-Not hetp = Ap2(Lg — Hp)[e — (1 — Pg)] + c{PplpLs + (1 - P)HA] — Lg}

Therefore, in order to meet the condition Ug_peip — Up—not hetp < 0, there must be:

(Lp—Hp)[e—(1-Pp)] Lp
c[pLa+(1-p)H4] [pLa+(1-p)H4]

Ps < —ag;

When (¢ —0) >0 and (¢ —0) < 0, the relationship between Sz and ag, is shown in the
following figure:

Pa £-0<0

e=6>0

Ly L -

s
pla+(=pH, [° plp+ (1= p)H, L
// pla+(1-p)H, W/
7 . 7
2 PR
Ly=Hy

Figure 30. S5 and ap,’s range of possible values in equilibrium 5).

\

L . H
“B_ _ ¢ is always smaller than — —2

Since & > 0, —
Lp—Hp Lp—Hp

. Thus, the union set is:

Hp Z
YLat (A=), -

cHg ay
"II - Hli

Figure 31. The union set of fp and ap in equilibrium 5).
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In the case of Hy:

Ua—seek — Ua—not seek = —a1 (Y — P4)(Ly — Hy)

Therefore, in order to meet the condition Uy_seer — Us—not seex < 0, there must be: (y — Py) >
0, when (y — &) > 0, the relationship between 8, and a4, is shown in the following figure:

Ba

Figure 32. [, and ay;’s range of possible values in equilibrium 5).
In the case of L,:

Up—seek — Ua—not seek = — a2 (Y — Py)(Ly — Hyp)

Therefore, in order to meet the condition Uy_seer — Us—not seex < 0, there must be: (y — Py) >
0, when (y — &) > 0, the relationship between 8, and @y, is shown in the following figure:

Ba

az

Figure 33. [, and a,,’s range of possible values in equilibrium 5).

Player B’s all conditions and player A’s all conditions must be met. Thus, the resultis 0 < &. The
figure is shown as follows:
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Hp
YLa+ (1 —-y)H,

cHp a
Lp — Hp

Figure 34. The union set of player A and player B in equilibrium 5).

6)r=1,r=1,9g=0,q4 =0
In the case of Hp:

Ug—tetp — Up—not hetp = agy(Lg — Hp)[(1 — Pg) — 0] + c(BplyLa + (1 —y)Hu] — Hp)
Therefore, in order to meet the condition Ug_peip — Up—not hetp > 0, there must be:

(Lp—Hp)[(1-Pp)—0] Hp
c[yLa+(1-y)H4] [yLa+(1-y)HA]

Ps < —ap;

When (¢ —0) > 0 and (¢ — 0) < 0, the relationship between Sz and ap; is shown in
the following figure:

Hg
YLyt (1=1)H,

- 4 | AT, ////%

Figure 35. [z and ap,’s range of possible values in equilibrium 6).
In the case of Lg:
Up—teip — Up—not hetp = XB2 (Lp — Hp)[(1 — Pg) — 0] + c{BslpLa + (1 - p)HA] — Lg}

Therefore, in order to meet the condition Ug_peip — Ug—_not hetp > 0, there must be:

(Lp—Hp)[(1-Pp)-0] Lp
clpLa+(1-p)Hal [pLa+(1-p)Ha]

Pp < —agp;

When (¢ —0) >0 and (¢ —0) < 0, the relationship between B and ap, is shown in the
following figure:
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e=-0<0
By P Ba
> .
£=0=0 Does not exist
LN
Ly

L
14 oLy + (1 = p)H, 2 A
ara-am [N pla+ (1 =0 ) o

Figure 36. Sz and ap,’s range of possible values in equilibrium 6).

. .. . . L
To combine the two figures above together, we must distinguish occasions between — Z -&>
B—HB

cL
as case 1p and: E &<

CHp
p—Hp Lp—Hp

as case 2g. At this time,
Lp—Hp

Case 1p : Case 25 :

Be By

I'li
pla+ (1= p)H,

yLa+ (1 —y)H,

clLg ay
Ly —Hp

Figure 37. The union set of S and ag in case 1p and case 2p in equilibrium 6).

In the case of Hy:

Us—seek — Un—not seek = —@a1 (Y — Pa)(Ly — Hy) + c{Hy — Ba[PpLp + (1 — Pg)Hpl}
Therefore, in order to meet the condition Uj_geex — Us—not seek < 0, there must be:

(y=Pa)(La—H4) Hy
PpLp+(1-Pp)Hg]  [PpLp+(1-Pp)Hp]

Ba> —ay o

When (y —8) >0 and (y —6) <0, the relationship between 84 and a,; is shown in the
following figure:

t 3
Ba y-6>0 Pa y-56<0

‘ Ba |

‘

I
___Mh P AP Hy
Pglg+ (1= Py)Hp [< s Paly + (1= Pty

a Ha cHy

ay
La=Hy Ly—=Hy

Figure 38. 5, and a4, ’s range of possible values in equilibrium 6).
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In the case of Ly:

Us—seek — Un—not seek = —@a2(Y = Pa)(Ly — Hy) + (r + Pgr" — Pgr)c{Ly — BalPslp +
(1 — Pg)Hpl}
Therefore, in order to meet the condition Uy_geex — Us—not seex < 0, there must be:

B (y—Pa)(La—Ha) La
ﬁA > —Qyy c[PgLg+(1-Pg)HEg] [PpLp+(1-Pp)HE]

When (y —8) >0 and (y — &) < 0, the relationship between B, and @y, is shown in the
following figure:

y=6>0 Ba
Does not exist 8 1
Ba

Ly
Pols + (1 - Py)Hy ‘ ,

\
Pyly + (1= Py)Hy|

Ba

La
Pyly + (1= Pg)Hy|

cl, a; L i .
az Ly—Hy

Figure 39. 5, and ay,’s range of possible values in equilibrium 6).

. _ . CcLy _ CHy cLy . CHy
Owingto a, — a; = &, thereis Tt &> Lo, ascase 1,4, T, &< L, ascase 2.
At this time,
Case 1, : Case 2, :
B
/fA
Lo _@a=H)=P0) |

<z
(///7%/ Pglg + (1 - Pg)Hg

<

cL, . " a cH, a
L,-H,

Figure 40. The union set of 4 and a4 in case 1, and case 24 in equilibrium 6).

Player A must satisfy all of the conditions of the game equilibrium case 1, and 2. Player B must
satisfy all of the conditions of the game equilibrium case 15 and 2. Thus, the result of the union set
of case 15 and case 1, is 0 <¢ <c. It is shown in the following figure:
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Ly
pLy+ (1 —p)Hy

cly a
Ly —Hp

Figure 41. The union set of player A and player B when 0 < ¢ < ¢ in equilibrium 6).

Since the results of the union set of case 1z and case 24 are & <c, £ > c, £ does not exist.
Since the results of the union set of case 25 and case 1, are & > ¢, £ <c, & does not exist. The
result of the union set of case 25 and case 2, is & > c. The figure is shown as follows:

Hy

Yla+ (A =y)Hy |~
~Z
cHg a

Lp —Hp

Figure 42. The union set of player A and player B when ¢ > c in equilibrium 6).

Hhr=1r=1,q=1q9=1
In the case of Hp:

Ug-tetp — Up-Not hetp = @p1(Lg — Hg)[(1 — Pg) — 0] + c(BglyLa + (1 — y)H,] — Hg)
Therefore, in order to meet the condition Ug_peip — Up—not heip > 0, there must be:

(Lp—HpB)[(1-Pp)—0] Hp
c[yLa+(1-y)H4] [yLa+(1-y)HA]

Pp < —ap;

When (¢ —0) >0 and (e — 0) < 0, the relationship between Bz and ag; is shown in the
following figure:

Be £e-0>0 0
By )
& e-6<0 Bi

=

4
Hy 4

yla+ (1-y)H,

Hyg
yLs+ (1 =y)H,

Hy
yla+ (1 =y)H,

@ cHy

Figure 43. [z and ap;’s range of possible values in equilibrium 7).
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In the case of Lg:

Ug—tep — Up-Not netp = @p2(Lg — Hp)[(1 — Pg) — 0] + c{BplpLs + (1 — p)Hy] — Lp}
Therefore, in order to meet the condition Ug_peip — Up—not hetp > 0, there must be:

(Lp—Hp)[(1-Pp)—0] Lp
c[pLa+(1—p)H4] [pLa+(1—p)H4]

Bs < —ag;

When (¢ —0) >0 and (e —6) <0, the relationship between Bz and ap, is shown in the
following figure:

. £-6<0
By
Bs

Py Does not exist

Lg Lg

” pla+(1-p)H [ JTRIEDTA _\\\W,/
Y,

[ P
PLa+ (1= Py —_— éé/’/////j ,
ez Z o
| <

Z

az

Figure 44. 5 and ap,’s range of possible values in equilibrium 7).

To put the two figures above together, we must distinguish occasions between T &>
B—HB
H L H .
B ascase 1z and —2— — & < —E— agcase 25. At this point:
Lp—Hp Lp—Hp Lp—Hp
Case 13 : Case 2z :

/}H
Lg (L -Hg
pla+(1=p)H, clply+ (1=p)H,) |

clg a, cHy @
Lo —Hs Lg - Hg

Figure 45. The union set of Sz and ap in case 1p and case 2z in equilibrium 7).

In the case of Hy:
Us—seek = Un—not seek = —@a1(Pa — 8)(Ly — Hy) + c{Hy — Ba[PgLp + (1 — Pg)Hgl}
Therefore, in order to meet the condition Uj_geer — Us—not seex > 0, there must be:

(P4—=8)(La—Hy) Hy
PpLp+(1-Pp)Hg]  [PpLp+(1-Pp)Hp]

Ba> —ay o
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When (y —8) >0 and (y —6) <0, the relationship between 4 and @4, is shown in the
following figure:

y=6>0
y-6<0

y/
H, Hy | £ /

A
Poly+ (1= Pe)Hy Do, ag e r
cHy ay a

cHy
Ly —H,

A Ly-H,

Figure 46. 5, and a4, ’s range of possible values in equilibrium 7).
In the case of Ly:
Us—seek — Un—not seek = —@a2(Pa — 6)(Ly — Hy) + c{Ly — Ba[PgLp + (1 — Pg)Hpl}
Therefore, in order to meet the condition Uy_geer — Us—not seex > 0, there must be:

(Pa—8)(Lg—Hp) La
PgLp+(1-Pp)Hg] = [PpLp+(1-Pp)Hp]

Pa < —ay; o

When (y —8) >0 and (y — &) < 0, the relationship between B, and @y, is shown in the
following figure:

Ba y=-6>0

y-6<0

B,
e La [E— 2

Pyl + (1 — Pg)Hy| ay

Figure 47. 5, and ay4,’s range of possible values in equilibrium 7).

cLyg
La—Hp

cH . .
A_ Thus, the union set is:
A—Ha

Since & > 0, — — & is always smaller than —

Ba

W

ap .

CHA
La—H,

ay

Figure 48. The union set of 4 and a4 in equilibrium 7).
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Player B must satisfy all of the conditions of the game equilibrium case 15 or case 2z, so does
player A. Thus, the result that satisfies the conditions of players A and B is 0 < ¢ < c. The figure is:

Ly _ Ly = Hy

a, cay

Hy
PglLg + (1 — Pg)Hp

cHp cLp —¢ @
Lg —Hp Lp — Hp

Figure 49. The union set of player A and player B when 0 < ¢ < ¢ in equilibrium 7).

To satisfy case 2p and player A’s conditions, the resultis 1 > & > c. The figure is as follows:

Hg
YLa+ (1—=y)H,
Ha
PBLB + (1 — PB)HB

CHB aq
Lg —Hp

Figure 50. The union set of player A and player B when ¢ > c¢ in equilibrium 7).

 r=1r=1,q=1,q9=0
In the case of Hp:

Ug—tetp — Up—not hetp = ap1(Lp — Hp)[(1 — Pg) — 0] + c(BgLa — Hp)
Therefore, in order to meet the condition Ug_perp — Up—not hetp > 0, there must be:

(Lp—HpB)[(1-Pg)—0] + Hp
cLyg Lg

Ps > —ap,

The relationship between g and ag; is shown in the following figure:
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B £=0>0

cHg @ cHy
Ly - Hg “Ly-Hg

>

£-0<0

B

Hy %/

Ly

cHy
Lg - Hg

Figure 51. [z and ap,’s range of possible values in equilibrium 8).

In the case of Lg:

Up—netp — Up—not hetp = @p2(Lp — Hp)[(1 — Pg) — 0] + c(BgLa — Lg)

Therefore, in order to meet the condition Ug_peip — Ug—not hetp > 0, there must be:

Ps > —ag;

(Lp—Hp)[(1-Pp)-6]

cLyg

+

Lp
La

The relationship between [z and ap, is shown in the following figure:

Pe £e—=6>0

cly a,
Lg —Hg

.
B

£-0<0

Does not exist

=

@

By

cly
Lg—Hy

Figure 52. [z and ap,’s range of possible values in equilibrium 8).

To combine the two figures above together, we must distinguish occasions between

cLp

as case 1p and
Lp—Hp Lp—Hp

Mathematical Biosciences and Engineering

CHp
{ < Lp—H

B

as case 2. At this point,

@,

az

_E>

Volume 19, Issue 10, 10493-10532.
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Case 1p : Case 25 :
ﬂlf lfli
Ly —Hy

cly ¢ %
Hg

Z
cly _ a cHg ay
Lg —Hg Lp — Hg

Figure 53. The union set of Sz and ap in case 1p and case 2z in equilibrium 8).

In the case of Hy:
Us—seek — Un—not seek = —@a1(La — Hy) + c{Hy — Ba[Pglp + (1 — Pg)Hg]}
Therefore, in order to meet the condition Uy_seer — Us—not seer < 0, there must be:

(La—Ha) Hga
PpLp+(1-Pp)Hg]  [PpLp+(1-Pp)Hp]

Ba> —ay o

The relationship between 4 and a4, is shown in the following figure:

Hy
Pglg + (1 — Pg)Hg

cHy a
La—Hy

Figure 54. 5, and a4, ’s range of possible values in equilibrium §).

In the case of Ly:
Us—seek — Un—not seek = —@az(La — Hy) + c{Ly — Ba[PpLp + (1 — Pg)Hgl}
Therefore, in order to meet the condition Uy_seer — Usa—not seek = 0, there must be:

_ (La—Ha) La
Pa < —az c[PpLp+(1-Pp)Hp] = [PpLp+(1-Pp)Hg]

The relationship between 4 and a4, is shown in the following figure:
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Ba

Ly
Pglg + (1 — Pg)Hp

az

Figure 55. 5, and a4, ’s range of possible values in equilibrium 8).

. cL cH cL cH
Since a, — a; = &, there are: —2— — & > —23as case 1, and —2— — & < —2— as case
La—Hgp La—Hgp La—Hgp La—Hgp
2,4. At this point,
Case 14 : Case 2, : 0

Ba
L, L,—-H,
ag cag

Lg
Palp + (1= Pp)Hp

cH, cLy 3
Lg —Hg Lg —Hp

Figure 56. The union set of [, and a4 in case 1, in equilibrium 8).

Player B must satisfy all of the conditions of the game equilibrium case 15 or case 23, player A
must satisfy all of the conditions of the game equilibrium case 1, or case 2,. Because case 2, is an
empty set, the union set of case 15 and case 2y is also an empty set. Thus, the result that satisfies
both case 15 and case 1,is 0 < & < c. The figure is as follows:

Ba
La _La=Ha,
ag cag
Lg
PaLy + (1= Po)Hig \
cH, cLy - a
Lz — Hg Lgp —Hg

Figure 57. The union set of player A and player B in equilibrium 8).
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Since the result of the union set of case 25 and case 14 is & > ¢, & < ¢, £does not exist.

The above section discusses the eight equilibriums. The next section will discuss why the
following eight situations are not equilibrium:

9r=0r=0qg=1q9=0
In the case of Ly:

Us-seek — Ua—not seek = —@az(La — Hy)
Owing to Uy_seer — Us—not seex > 0 must be satisfied, Ug_geer — Usa—not seer Must be less
than 0. It contradicts g = 1.
10) r=0,"=0,g=0,qg =1
In the case of Ly:

Us—seek — Ua—Not seek = _aAz(_l)(LA - HA)

Owingto —ay,(—1)(Ly — Hy) is always positive, Us_seex — Ua—not seex Must be greater than
0. It contradicts g = 0.

1M r=1r=0qg=0q=1
In the case of Ly:

Ua-seek — Us—not seek = —Qaz(—1)(Lg — Hy) + (1 — Pg)c{Ly — BalPsLp + (1 — Pg)Hgl}

Owing to —au,(—1)(Ly —Hy) and (1 — Pg)c{Ly — BalPgLg + (1 — Pg)Hg]} are always
positive, Us_seer — Usa—not seex Must be greater than 0. It contradicts g = 0.
12) r=0,r=1q=1q9g =0

In the case of Lg:

Ug—tetp — Up—Not netp = @p2(Lg — Hg)(—1) + c(BpLs — Lp)
Owing to ap,(Lgp — Hp)(—1) and c(BpLs — Lg) are always negative, Up_peip — Up—not netp
must be less than 0. It contradicts ' = 1.
3)r=1r=1q9=0q=1
In the case of Ly:

Un—seek — Ua—not seek = —az(—1)(La — Hy) + c{Ly — PalPpLp + (1 — Pg)Hg]}

Owing to —au,(—1)(Ly — Hy) and c{Ly — B4[PgLlg + (1 — Pg)Hg]} are always positive,
Uj_seek — Ua—_Not seex mMust be greater than 0. It contradicts g = 0.
4)r=0r=1q=1q9=1

In the case of Lg:

Ug—tep — Up—Not hetp = @p2(Lg — Hg)(—1) + c(BpLs — Lp)

Owing to ap,(Lp — Hp)(—1) and c(Bpls — Lg) are always negative, Up_peip — Up—not netp
must be less than 0. It contradicts ' = 1.
15 r=0r"=1,9g=0,g=0

In the case of Lg:

Ug—tetp — Up—Not netp = @p2(Lg — Hg)(—1) + c(BpLs — Lp)
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Owing to ap,(Lp — Hp)(—1) and c(BpLs — Lg) are always negative, Up_peip — Up—not netp
must be less than 0. It contradicts ' = 1.
16) r=0,r"=1,9g=0,q =1

In the case of Lg:

Ug—tetp — Up—Not netp = @p2(Lg — Hg)(—1) + c(BpHy — Lg)

Owingto ap,(Lg — Hg)(—1) and c(BgH, — Lp) arealways negative, Up_peip — Up—not neip
must be less than 0. It contradicts r’ = 1.

4. Discussion and implications
4.1. Discussion

Based on the above equilibrium analysis results, the difference in self-awareness ¢ is greatest
when it is larger than ¢, and it becomes equilibriums 6) and 7). It means when the degree of risk
aversion of the player is the highest, the helper always helps, regardless of the help-seekers’ ability.
The reason is that risk aversion helpers care more about being looked down upon than being looked
up to by others. Therefore, seeking help from someone with a high level of self-awareness increases
the likelihood of getting help. This is consistent with the prior studies based on psychological
experiments [19,21,22]. When £ is slightly smaller, there are equilibriums 1)-3) and 6)-8). At this time,
player B, with high ability, would help. Low ability does not necessarily help. In other words, when
the difference in self-awareness is medium and slightly smaller, or the degree of risk aversion decreases,
only people with high ability will help others. Although people with low ability want to help others,
the price of helping others is too high, so they will not help others. Under this condition, self-awareness
tends to increase helpfulness. This is consistent with the prior studies based on psychological
experiments [19,22,23]. When ¢ is the smallest, it is equilibriums 2), 4), 6), 7) and 9). When the
difference in self-awareness is minimal, that is, when the degree of risk aversion is small, high-ability
help seekers tend not to seek help from others. At this time, although the seeker does not care much
about being looked down upon by others, once they seek help from others, the high-ability person will
also reduce their utility due to reasons related to politeness, so the high-ability seeker is more inclined
to not ask for help. This is consistent with previous literature based on psychological experiments [21].

Regarding the helper, by equilibriums 4) and 5), if the self-awareness a is large, but the politeness
B is very small, neither player B with high ability nor low ability would help. In other words, even if
the self-awareness is relatively high, but the degree of politeness is relatively low, both high and low
ability people will not help. This is consistent with the previous literature based on psychological
experiments [20]. We confirmed that when self-awareness and politeness are within a certain range,
people help, as shown in equilibriums 1)-3). Suppose self-awareness a and politeness B are within a
specific range; in other words, when self-awareness and politeness are within a specific range. In that
case, people with high ability will help, and people with low ability will not help. In equilibriums 6)-8),
when self-awareness and politeness are high, the helper will choose to help others regardless of their
ability. Helpers with high levels of self-awareness tend to help, consistent with previous research based
on psychological experiments [19]. Besides, Helpers with high levels of politeness tend to help,
consistent with previous research based on psychological experiments [33—-35].

Concerning the help-seeker, in equilibrium 7), If politeness 3 is small when seeking help, either
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player A with low or high ability would seek help. It means when viewed from the perspective of the
seeker, when the degree of politeness of the seeker is relatively low, no matter the seeker’s ability,
he/she will seek help from others.

In equilibriums 2) and 8), if self-awareness a and politeness § are within a specific range, which
means the level of self-awareness and politeness are within a certain range, player A with high ability
would not seek help. However, player A with low ability would seek help.

In equilibriums 3) and 6), when self-awareness a and politeness [ are both large, either player B
with the high ability or low ability would not seek help. It means when self-awareness and politeness
are high, the help seeker will not ask for help, regardless of the ability of the seeker. On the one hand,
help seekers with high levels of self-awareness tend not to seek help, consistent with previous research
based on psychological experiments [25-27]. On the other hand, help seekers with high levels of
politeness tend not to seek help, consistent with previous research [36,37].

In situations 12) and 14)-16) where there is no equilibrium, player B with high ability may help.
While the psychological effect of self-awareness o and politeness 3 affect human behavior, it is
impossible to force others to do things beyond their abilities.

In situations 10), 11), 13), and 16), it is unlikely that a player with low abilities would not seek
help, and a player with high abilities would seek help.

4.2. Theoretical contributions

To the best of our knowledge, this is the first application of Bayesian Nash equilibrium based on
psychological game theory in studying human help-seeking and help-giving behavior. Through this
study, we thus extend the generalizability of Bayesian Nash equilibrium based on psychological game
theory to the study of human helping behavior.

Humans grow through mutual help, and society progresses accordingly. However, there are times
when people are in deep trouble and are reluctant to ask for help; at other times, people are very hesitant
to help others. By establishing a Bayesian Nash Equilibrium analysis, this study analyzes whether
people would seek help or help others from two fundamental concepts related to internal rewards: self-
awareness and politeness. We also demonstrate the extent to which self-awareness and politeness
influence help-seeking and help-giving behaviors, which are regular and predictable. This study thus
provides a theoretical understanding of the role of self-awareness and politeness in helping behavior.

For help-seeking behavior, we can understand why people do not seek help when they are clearly
in trouble. Because people have the nature of politeness, it is difficult to ask for help if they are
excessively polite and care about their image. Besides, people with an excessively high level of self-
awareness often do not ask others for help because they are worried about exposing their flaws and
incompetence in front of others [48].

From the perspective of helpers, we can also understand people tend to help others if they have a
high level of self-awareness and politeness. However, it may not be their original intention. For one
thing, helpers want to help others to create a positive personal impression and gain praise. For another,
politeness, as a basic moral code, advocates the duty of helping others. It also motivates people to help
those who are not life-threatening or in desperate need.
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4.3. Practical implications

Many of our findings have practical implications for understanding and increasing helping
behavior to build a harmonious and mutual aid society finally.

Based on this study, in the case of knowing the level of self-awareness and politeness of both
parties, help seekers can judge whether the other party will help them, and thus decide whether to seek
help. Helpers, on the other hand, can judge whether they help or not.

In terms of help-giving, after realizing that people with high levels of self-awareness tend to help,
we can improve people’s level of self-awareness to increase helping behavior. Specifically, we can
encourage people to read, practice, reflect on themselves more, cultivate their independent awareness
and thinking ability, and improve their self-awareness level. Besides, after realizing that people with
high levels of politeness tend to help, we can promote the development of etiquette education and
improve the level of etiquette cultivation ideologically, to improve the level of politeness. These
measures can eventually increase the opportunity to give help. In brief, it is necessary to improve
everyone’s self-awareness and support and promote the moral code of being polite to others.

In terms of help-seeking, through this study, we found that individuals with a high level of self-
awareness are often reluctant to seek help. So it is crucial to give the person being helped an
opportunity to repay the favor. This has also been confirmed in other studies. People are more likely
to commit to charities belonging to those who have given them favors [49]. This study suggests
individuals with a high level of politeness tend to give up seeking help. Therefore, it is essential to
eliminate the guilt of the seeker as much as possible and reduce the bad feeling.

There are many examples of helping behaviors in everyday life. For example, donation behavior
is a typical helping behavior. For instance, in residential communities in China, when someone
encounters difficulties such as sudden illness and needs to donate, there are often donation activities
similar to love relays. These donation behaviors are influenced by two factors self-awareness and
politeness in this study. In this context of donation behavior, people with a high level of self-awareness
and politeness are more likely to donate to help those in need who are seriously ill but have no money
for treatment. Patients who are short of money and unable to treat their illnesses may tend not to raise
funds if their levels of self-awareness and politeness are too high, thus delaying treatment. In such a
situation, on the one hand, we need to improve the level of self-awareness and politeness of as many
people as possible in our society so that when someone needs help, as many people as possible will
lend a helping hand. On the other hand, we can also build channels to provide opportunities for patients
who seek help to thank donors so that patients who need help will not miss the opportunity to seek
help for their own reasons.

5. Conclusions

Although there are extensive studies on human helping behavior in existing literature, prior
research emphasized methods of psychological experiments. Besides, studies on human help-seeking
and help-giving behaviors rarely study the connection of self-awareness and politeness to human help-
seeking and help-giving behaviors, especially from the perspective of psychological game theory. This
paper thus links two related social psychology concepts, self-awareness and politeness, with human
helping behavior and applies Bayesian Nash equilibrium analysis to compare with the results obtained
from psychological experiments in previous studies. We found that a helper with a high level of self-
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awareness and politeness would help. In contrast, help seekers with a high level of self-awareness and
politeness would tend not to seek help. The results obtained in this study through the mathematical
method of psychological game theory validate the conclusion of the influence of self-awareness and
politeness on helping behavior in social psychology studies based on the research method of
psychological experiments.

Limitations and future directions: To simplify the model, the study has limitations. First, this study
does not consider the repaying, in other words, whether the help will be repaid in the future. Second,
this study only considered two psychological factors, politeness and self-awareness; other
psychological factors could also influence human helping behavior.

Future studies can consider the act of repaying, and the game theory model can be set as a repeated
game. In addition, other psychological factors can be considered in the game theory model to make
the theoretical model richer and more realistic to understand human help-seeking and help-giving
behavior better.
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