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Abstract

We formulate a monitaring madel af a situation where a principal (an
inspectar) verifies that an agent (an inspectee) adheres ta a level af el-
fort. We incarparate heliel-dependent parsimonious payafls, guilt feelings
and recipracity, inta the payvall of the agent. We examine the impact of
the incaorparation of each helief-dependent pavafl on an error prohahility
that the principal canducts a casily investigation inta the level of effort
chasen by the agent although the agent chooses a desirable level af ef-
fort for the principal and on the hehavior aof the agent. It is known that
thearies endowed with these heliel-dependent pavafls well explain stvlized
facts af a wide range of experimental games and anomalous phenomena af
econamics. We find that in our monitaring madel, however, the incorpo-
rations of these helief-dependent pavaffs have quite different impacts an
bath the errar prabahbility and the hehaviar of the agent from each ather.

Keywards: hehaviaral ecanomics, psychalagical game theary, inspection
game, guilt, reciprocity

JEL classification numhers: C19, C72, 133

1 Introduction

We farmmlare a simple manitaring madel which is a madified inspecrar leader-
ghip game. ! The game cansists of four stages. Ar the first stage of the game,

*This paper was presented at Assaciation of Behavioral Ecenemics and Finanee in 2007 and
at Game Theery Seminar at Hitatsubashi University in 2007, T am grateful te the participants
for useful comments.

fGraduate Schoel of Humanitics and Sccial Sciences, University of Tenkuba,1-1-1 Ten'na-
dai, Tharaki 305-8571, Japan; fulkuzumidsacial.tsnkuba.ac.jp

nspector leadership game is classificd as an inspectian game. The inspection game i= a
mathematical madel af a situation where a player verifics that the cpponent player adheres ta
a legal rule. The inspection game is applied to analyses of a safeguard system against maclear
weapens, of material acecuntancy systems and aof anditing systems. In this paper, we medify
the inspection game ta deal with warkers” meral bazard prablems. For details of inspection
games, see Avenhause, Okada and Zamir (1991), Avenhaus and Qkada (1992) and Avenhaue,
van Stengel and Zamir (2003).
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a principal (an inspector) decides crificel aulput 3. At the second stage of the
game, given the critical ourpur, an agent (an inspectee) chooses either a high
level of effart ey or a low level of effort e;. Each level of efforr ¢ (! = H, L} is
a nannegative real numhber. Ar the third stage of the game, curput g is realized
accarding ra a prohahiliry disrribution F(y) whicls is condiriomed hy the level of
effort ¢; which was chasen hy the agent at the previous stage. We assume thar
hath players know each conditional prahahility distribution F (y) of the random
variahle . Finally, ar the fourth srage of the game, the principal abserves rhe
realized aurpur hur daes nar ahserve the level af efforr which was chosen hy
the agent ar the secand srage of the game. If the realized curpur is helow or
at the critical curpur § which was decided by the principal at the first stage of
the game, then the principal conducts a costly investigation that provides the
principal with correct informarion an the level af effort whicly was chasen hy the
agent ar the second stage. Orherwise, thar is, if the realized ourpur is above
the critical curpur which was decided ar the first stage of this game, rhen the
principal does nor conducer the investigation inta the level of effart which was
chasen by the agent and gives a fixed wage wr ta the agenr. Tf the investigation
reveals that the agent chose the low level of effort €7 ar the second stage, the
principal gives rhe agent a fixed lower wage wy < wyr; namely rhe principal

bution Fg(y) af aurpur. the principal’s decision on the critical cutpur § ar the
first stage means that he decides an error prohahility Fy(3) that he canducts
the castly invesrigation inra the level of effore chasen hy the agenr although the
agent chaoses the high level of effort €. We denate by a this error probabiliry
in the following sections.

The principal’s payvoff is defined as fallows: If the principal conducts the
investigation inta the level of effort which was chaosen by the agent at the sec-
and stage, the principal’s payoff is curpur realized according ra the probabiliry
distribution conditional an the level of effort chosen by the agent minus the sum
of the wage paid for the agent and the cost far conducting rhe investigation. Tf
the principal does nar conduct the investigation inta the level of effort which
was chasen hy the agent, the principal’s payaff is the aurpur realized accarding
ta the level of efforr chosen by the agent minus the wage paid for the agent.
The payoff of the agent is the wage given by the principal minus the level of
effort chasen hy the agenr. We call this moniroring madel formulared ahove a
henchmark madel.

Tn behaviaral game theary, the thearies of parsimonious payoff funcrions are
classified into two groups. One is a class of theories where the domain of the
payaff function of each plaver consists only of ourcomes aof the game. TFelr
and Schmidr (1999) and Balton and Ockenfels (2000} prapased typical theo-
ries which helong ta the group; they proposed madels of inequality aversion in
which players care ahout their own payoff and their relative payoff with the
casequentialisric way. The ather is a class of rhearies where the domain of rhe
pavaff funcrion af each player consists nor anly of aurcomes of the game hur of
the helief af the players, i.e. plavers have the belief- dependent payaff funcrions.




A modified inspector leadership game with belief-dependent payosffs

The game theory endowed with the helief-dependent pavoff funcrions i= called
the psychalogical game theory which was proposed by Geanakaplos, Pearce and
Staccherti (1989) and Rahin (1993}, *

After finding cut the subgeme perfect equilibrium paints of the henchmark
madel, we incarparate the belief-dependent parsimaonious payaffs  a guilt feel-
ing. an impulse for deceiving., and reciprocity  inta the agent’s payoff of the
henchmark madel. Ta analyse aur madel wirh the helief-dependent parsima-
nicus payofl, we employ an equilibrium concepr, called the psychaolagical equi-
libriwm poinf, which is the profile of hehaviar straregies which constirures the
suhgame perfect equilibrinm point af the madel with helief-dependent payaffs.

Let g he the agent’s hehaviar strategy which is the probability thar the agent
choases the low level of effart ef at the secand stage of our madel and ¢'" he a
priari helief that the agenr halds ahaur the helief thar the principal halds ahaur
the hehaviar strategy ¢ chasen by the agent. We call the larter prahbahility ¢"
the secand arder helief of the agent. We cansider a scenaria where the prineipal
does nat canduer the investigarion inta rhe level of efforr although the agenr
has chasen the low level of effort e in aur madel. T this scenaria, we assume
that the smaller the secand arder helief ¢"” hecames, the smaller payaff the
agent with the gudf feeling would ger: rthe larger payoff the agenr with rhe
tmpulse for decerving would ger. In Section 3 and in Section 4, we formulate
this guilt feeling and this impulse for deceiving, and then investigare the impacts
of the incorporation of these belief-dependent payvoffs inta the agent’s payoff an
the equilibrium point af aur madel. While the hest response carrespondence
of the agent with each helief-dependent payoff has complicated fearures, we
find the unique psychalogical equilibrium point for each game with each helief-
dependent payaff. We shaw rhat in barhy cases, the guilr feeling and the impulse
for deceiving. the agent choases the high level of effort ey in the psychological
equilibrium painrs; hur if the helief-dependenr guilt feeling is incarparated inra
the payoff of the agenr, then the erirical curpur chasen hy the principal hecomes
smaller than that in rhe subgame perfect equilibrium paint of our henchmark
madel, and if the helief-dependent impulse for deceiving is incarparared inra rhe
payaff af the agenr, then the critical cutpur chasen by the principal hecames
larger than rhat in the subgame perfect equilibrium point of rhe henchmark
madel.

After investigating the praperties of the psychalagical equilibrium paints of
aur madel with rhe guilr feeling and the impulsze for deceiving, we examine rhe
impact of the incarporation of the helief-dependent recipraeify inta the agent’s
payaff an the equilibrium point of cur madel. Given the erirical ourpur which
has heen chosen by the principal at the first stage, the agent cares about rhe
difference hetween his awn expected payaff and the principal’s expected payaoff,
in which the agent caleulates these expected payvoffs based an the secand arder

ZFar the recent pregress af the rescarch en the hehaviaral game theary and en experimental
gamcs. see Camerer (2003). Our menitaring madel helongs to a elass of madels where the
maral hazard prablem is dealt with. Englemaicr (2005) is a survey of hehaviaral game theoretie
madels of the workers” moral harzard prablems.
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belief ¢" defined ahave and an the eritical aurpur given by the principal. We
call these expecred payaffs which rhe agent calculares based an the second order
belief ¢" the fictitious expected pavoffs. Then, the recipracal behavior of the
agent is assumed as follows: Tf rhe ficritious expected payoff of the agenr is larger
than rhar af the principal, then the agenr given the crirical ourput chooses
an acfural behavior strategy ¢ ta raise the principal’s ecfwal expected pavaff
up. If the fictitious expected payoff of the agent is smaller than that of the
principal, rhen the agent given the critical ourpur chaases an actuel hehaviar
straregy g ta lawer the principal’s actual expecred payaff down. In Section 3.
we formulare rhis recipracal hebavior of the agent and invesrigate the properry
of the psychalagical equilibrium peint of the madel. We find rhar whatever the
principal has decided ar the firer stage, rhe principal can nor prevent the agent
with the helief-dependent recipracity from choosing the low level of efforr €7 in
the psychaolagical equilibrium point.

Tt is knawn thar rhearies endawed with these helief-dependent parsimaniaus
payaffs, guilt feelings and recipracity, well explain srylized facts of a wide range
af experimental games and anomalaus phenomena of ecanamics (see Dufwen-
berg (2002) and Falk and Tischbacher (2006)). In omr model. however, the
incarparatians of these helief-dependenr payaffs have very different impacts an
the equilibrium hehaviars from each ather.

2 The model

We consider a dynamic game with twa players. P (principal) and A (agent).
The game consists of four stages as following.

1. At the first stage of the game. player PP chooses a prohahility a € [0, 1]
that player I manirars plaver 4 ex past by caonducting the investigation
that pravides player I’ wirth infarmatiom an the level of effore chasen hy
player A. ?

2. Ar the second stage of the game, player A given the prabahility e chooses
his level of effort ¢ from a ser {eyr, e }. Each level of effort ¢ is a nonneg-
ative real number and e; > e, We cansider the hehavior strategy given
hy the probahility g € [0, 1] for chaasing the low level of efforr ;.

3. Ar the third stage of the game, Nature picks up autpur y € R, 4 Tf player
A has chosen ¢ (1=1.H) at the previous stage. the corresponding curpur
y is realized according to a cumulative distriburion funcrion Fi(y) which
has the mean gy € [0, 0c) where jrgr > pp. Each distriburion funcrion Fy
(I = L. H} is ahsalurely continuous and has each inverse function Ffl and
an identical variance a2,

20, 1] denctes an clesed interval with end paints 0 and 1. In the literature, we use similar
natations. For example, (e, 5) denctes an epen interval and (a,h] a semi elosed interval with
cnd points e and L

B, denotes the sct of non-negative real numbiers.
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4. At the fourth stage, if autpur y realized at the previous stage helongs ta
aset Z, ={y € Ry | Fu(y) < a}, plaver I’ conducts the investigation
far the level of effort chosen by player 4. Tt costs a fixed amount of
¢ > (1 unit of qutput for player P ta conducr the investigation. After the
investigarian;

e if player A has chasen ey at the secaond srage of the game, then player
I gives fixed wage wyy € By to player A,

o if player A has chasen ;. at the secand srage af the game, rhen player
I gives fixed wage wy € By ra plaver A where wy < wyy.

If cutpur y realized at the previous stage does not helong ro the ser Z, =
{y€ Ry | Fr(y) < a}. then player I daes nat canduct the investigation
and gives the fived wage wyr ta player A.

Payaff of each player

Let ¢; be the level of effort chosen by the agent at the second stage of the game.
If the aurpur y realized ar the third srage of the game belongs ta the ser Z,. the
payafl of player I and of player A is given by y — wy — ¢ and wy — ¢, respectively.
If the autpur g realized ar third srage of the game does naf belong ra the ser
Z ., the payoff of player I and of player 4 is given by y — wy and wy — €.
respectively. Let 2, = F, I}l(ﬁ}. Then the expected payvaff af each player in aur
madel is given by

+o Za
Euala.q) = G'[f (wp —er)dFy(y) +/ (wp —ep)dlr(y)
i o ]

o

+ (I—q) {f 7 (wp —en)dlp(y) + /‘m (wpy — frr}dl‘_rr(y_)}, (2.1
. 0

o

+oc Za
Eup(a,q) = G'[/ (0 — wr)dFr (y) +f (p—wr — t‘)dl"_!,('u}]
[}

- +oc Za
+ = [ w-wmdrnw) + [ Cw-w-ddmnw)]. @2
z [¥]

Lo

We assume thar the market-imposed minimal expected pavaff for player A is (0
and w; —ep = (.

Relationship between hypothesis testing in statistics and our madel
The null hypathesis Hy in our madel is thar playver A choases the high level

af effart e77. and the alternative hyparhesis Hy in aur madel is rhar player A
chooses the low level of effort ep. The prabability a chosen by player I is thar
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A
(y—wp —ewn —€p)

(0 —wn.wy —ep)

chance :

(y—wr —ewp —ep)

(o — wr wi —€r)

Figure 1: The madel.

of the errer of the first kind in hyporhesis testing. Namely, the value of a i
the probahility rhat the principal conducts the costly investigation elffrouth the
agent chaoses the high level of efforr .

We denate by 3 € [0.1] the probahbility of the errar of the secaond kind in
hypathesis testing. Namely, the value of 3 is the prohahility that the player P
daes naf conduct the investigation inta the level of effort chasen by player A
althaugh player A chooses the low level of effort e, Maoreover, we obtain the
function #(a) = 1 — Fy(z,) where =z, = Fﬁl(ﬂ].

Assumption 1. The funcrion (a) € [0. 15 is canvex and cantinicus, and
fulfills 4(0) = 1 and 3(1} = 0. ©

This assumption implies thar the function d(a) is monaranically decreasing.
The game tree of our madel is described in Figure 1.

2.1 Analysis

The hest respanse carrespandence of player A

In order to investigare subgame perfect equilibrivm points of our model, we
consider the hest response correspondence ¢*(a) of player A ta each a € [0, 1]
chosen hy player . From (2.1} and the definition of 3(a), the expecred pavaff
of player A is given by

Euala,q) = {(1 - 3la)j(wy —wr) + (eg —ep)} +uwp —ep. (2.1a)

Fala) € [0, 161 denates a functien A(a) en [0,1] inta [0,1]. In the following, we use
similar natatiens. For example, Gla) € EIC denetes a functian Glo) an [0,1] inte T
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Since we are interested in the case that for some a € (0, 1) player A has an
incentive ta chaose the high efforr g, we assume that wiy —ep > wyp — eg.
In the following, we assume this inequality withour further remark. DProofs of
lemmas in this section are relegated ra the Appendix A.

Lemma 2.1, Ler a” = 5711 - ﬁ} where 47! ig the inverse function af

A(a). The hest respanse correspandence ¢* (o) af player 4 is given hy
1 ifa <a®.
¢ (a)=4¢ [0,1] ifa=a",
1 ifa>a”.

The expected payaff of player I’ and the subgame perfect equilibrium
point

Given the hest response correspondence ¢” (o) of player A, from (2.2) and rhe
definition of ((a). the expecred payoff of player I is given by

Eup(a,q"(a)) = (L—q (a)){pr —co —wy}
+ q'(a){d(a)(wy +c—wy) +pp —wr}  (22.a)

The expected payoff Eup(a, " (a)) of player P has following praperties.

Lemma 2.2,

(1) Eup(a. g (a}) is an increasing function of a an [0, o) if and aoly if wy —
wr = c.

(2) Eup(a.q"(a)) is a decreasing function of a an (a”. 1].

Let Eup(a,0) = ppg—ca—wy and Eup(a. 1) = G(a)(wy +c—wp) + g — wy..

Lemma 2.3. If (pyy —wyr) — (pr —wp) > c, then
(1) Eup(a.0) > Eup(a. 1) for each o € [0. 1] and
(2) Eup((.1) < Eup(a”.0).

According ta Lemma 2.2 and Lemma 2.3, the graphs aof the expecred pavaff
Eup(a.q*(a)] of player ' are drawn at Figure 2. This Figure 2 says thar
player A musr chaase the high efforr in the subgame perfect equilibrium poine
due ta the inequality (g — wp) — (pr —wyp) > c. In the following, we assume
the inequality (g — wir) — (pr. — wp) > ¢ without further remark. We abrain
the following henchmark resulr.

Theorem 2.1. The suhgame perfect equilihrium paine (o, ¢*) af our madel is
given Ly the pair of a* = F71(1 — T2z and ¢ = G

Since we have assumed thar wy — ey > wyp — e, it turns out thar o™ > (1
Ta prevent playver A fram chaosing rhe law effart er, playver T* allows the errar
prahahility a ra he strietly pasitive.
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Euy(a.q* (o) Eug(a.q" ()

Eug (o, 0)

Eug(a. 1)

J—
Eupla. 1)

Wy —wp > ¢ wiy —wyp <o

Figure 2: The expected payoff Eu,(a. ¢" (o)) of player P.

3 Belief-dependent guilt feelings

We incorporate helief-dependent guilr feelings inta the payoff of player 4 a la
Dufwenherg (2002). © Ler ¢ € [0, 1] he player A’s helief ahaur player '’ helief
abaur the behaviar strategy ¢ € [0, 1] which is the prohability rhar player A
chaases the low level of effort e;. We call the belief ¢” € [0, 1] the secand arder
belief of player A.

Cansider a scenaria where playver A has chasen the laow level of effarr €7 and
playver I’ does nof conducr the investigation inta the level of effort chasen hy
player A. Tn this scenaria, the smaller the secand arder helief ¢ of player A ig,
the mare player A would feel guilty abour his choosing the low level af effarr.
We add a negative valued and increasing function g(g") of the secand order
helief ¢" ta player A's payaff af the cutcame carvespanding ta this scenaria.
This change of player A's payaff is described ar Figure 3.

Assumption 2. g € B is a cantinuans and manaranically increasing funcrion
and fulfills that g(0) = —k and g(1} = 0 where k >0, 7

Namely. the value of g(q") caprures the srrengrh of the guilr feeling of player A
with ¢". We call g(q") belief-dependent payoff of the guilr feeling.

“Dufwenherg (2002) proposed a game af trust with belicl-dependent guilt feelings.
"Nate that the functien g i= net defined en [0. 1] bt defined an the set af all real numbers
R, s that we can define an inverse funeticn g=! af g where the range of g=! is the set of all

real numbers B
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r A N
(p—wy —cowy —ep)

(v = wpr,wy = cpr)

chance :

(p—wp —ecowr —ep)

(v — wir.wy —ep + gla”)

Figure 3: The madel with helief-dependent guilt feelings of player A.

In rthe following, rhe equilibrium concepr for our madel is the peychological
equilibrium paint which was prapased hy Geanakaplos, Pearce and Sraccherti
(1989} and Rahin (1993).

Definition 3.1. The psychalagical equilibrium peint of our madel is the rripler
(", 9" . q") such that

(1) the pair of (a™".¢"") is the subgame perfect equilibrivm point of our madel
with the helief-dependenr payaoff and

(2) q** =q". (consistency)

3.1  Analysis

The hest response correspondence of player A

In arder ta investigate the psyehalogical equilibrium point of our madel with
playver A’s belief-dependent guilr feelings, we consider the hest response corre-
spandence ¢* (a, ") of player A ta each pair (a,q¢") € [0,1]*. From (2.1} and
Figure 3. the expected payaff Eu y(a.q.q") of player 4 with ¢" is given by

1y

Euala,q.¢") = q{fla)(wr —wr + glq"})
+ (wrp—wy)+(eg—ep)y+ (wpg —epy). (2,15

Let Gla) =g ! (W — (wpg — u'r__)] where g—! is the inverse fune-
tion of g and a # 1.

Lemma 3.1. The best response carrespondence ¢* (o, ¢'") of player A with ¢

89
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9" (a.q¢"} " (a. ")
1
6! =S
(1,103
1 Y
a* Gla)
[43 o
k<eng—er k>enp—er

Figure 4: The hest respanse carrespondences ¢* (a, ¢} of player A.

is given by
1 ifg" > Gla),

¢ (o, ¢’y =< [0,1] if¢" = G(a),
0 ifq" <Gla)ara=1.

Praofs of lemmas in rhis secrion are relegated ta the Appendix B.

According ta Lemma 3.1 and following Lemma 3.2, the best respanse correspan-
dence ¢ (o, ¢") aof player 4 with ¢” is drawn at Figure 4.

Lemma 3.2. There exists the number a; such that Gla,) =0and 0 < a; < a®
if and anly if k < ey — €.

Since (/(a) is a maonotonically increasing funcrion of a. for each o < o the
aprimal straregy af player A with each ¢" € [0, 1] is ta chaase the low effarr €.

The expected payoff of player I’ and the psychalogical equilibrium
points

Lemma 3.3. Given the hegt respanse correspondence ¢* (a, ") aof player A
with a secand arder helief ¢, the expected payoff Eup(a. ¢ (a.q")) of player

I is given by

(1.1.0)
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Eu(a.q"(a.q")) Eu,(a.¢ (0. q"))

Eugla, 0} Eugla,0)

R

| m

a a” 1

Euglo.1) Eug(a,l)

C << Wy — Wy € > wpp —wy

Figure 3: The expecred payaff of player I for a fixed secand arder helief ¢" =

G(a).

(1) dla)(wr +c—wpy)+ pr. —wy
an a ser S = {(a, q"') e [0, ]E |0<a<an 0<q” <1} and
anaser Sz ={(a.¢") € [0.1]7 |y € a<a*, ¢" > Gla)}

(2) ptor —ca —wyy
on a set Sa = {(a. q [ﬂ. 1P| <a<a*, ¢" < Ga)} and
on aser Sy = {(a GLIP e <a<l, 0<q¢" <1}

Let k < epp —ep. Then, for cach a € [ay.a”]. there is the second order helief
¢" € [0,1] such thar ¢" = G(a) by Temma 3.2 and the manatonicity of G(a)
. Nate that the expected payoff Eup(a. ¢” (o, ¢”)) far the fixed ¢” is drawn ar
Tigure i. The shape of the graph of Eup(a. g (a,¢")) is the same as that of
Eu,(a,q" ()] in Secrion 2 except each point where each graph jumps.
Observing Figure 3, we provide an explanation of why the following resulr,
Thearem 3.1, halds. Ler ¢ < wy — wy."Then, Eup(a,1) is a manaranically
increasing function, and Fup(a, 0} is a monatanically decreasing funcrion hy
TLemma 2.2, Therefare, if player A chaoses ¢, there is na incentive for player
P ta change a ta any other strategies. Since ¢*(a. ¢") = [0, 1] by Lemma 3.1,
and Eug(a.0) > Eug(a. 1} for each a € [0,1] by Lemma 2.3, for & ra consti-
tute player s straregy of a subgame perfeer equilibrium point, the equaliry

¢*(@.¢") = 0 musr hald. By the consistency condition of Definitian 3.1, harh

ETa explain intuitively why Thearem 3.1 helds, we assume this incquality ¢ < wg — wp.
The assumption ¢ < wy —wp = irrelevant to whether Thearem 3.1 halds ar nat.
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equalities ¢** = ¢"" = ( and G(a) = ( hald in the psychalagical equilibrium
paint af cur madel.

Theorem 3.1. If k' < ey — ez, then the psychological equilibrium poine

(a**. 9" q") of aur madel with player A's sense of guilty is given hy (a,,0,0)
(um—ur)—(em—er])

(wp—ur ) —k J

where a; = 571 (
(Pracf:) Tet a = G~ {g"] far each " € [0,1]. By Temma 3.1, player A's hesr
respanse carrespendence ¢* (&, ¢") is given by ¢* (&, ¢") = [0, 1]. By Lemma 2.3,
in a subgame perfect equilibrium paint ¢* (a. ¢”) must be zeva, that is, far each
¢" € [0, 1] the subgame perfect equilibrium paint (a. q) is given hy (a,0).
By the cansistency condition of Definition 3.1, in the psychalogical equilib-
rium paint ¢** = ¢" = @ halds. Then o** = G7Y0) = a;. Since G(a)] =
—1f(up—ur)t(er—en)

_;in(w}_ =

(wpp—ur)—k

— (wy — u';_}] and g(0) = —k, we ahrain thar a; =

Since a® = 3741 — ﬁ) and £ > (0, it turns our thar 0 < oy < ™.
Carallary 3.1. If k& > ey — €. then the psvchalogical equilibrium paine
(a**.q**.¢") of our madel with player A’s helief-dependent guilr feeligs is given
by (0, 0,0).

(Pract:) Ter a = G~ (¢"] far each ¢” € [0.1]. By Lemma 3.1, player A's hest
response carrespandence ¢* (@, ¢") is given by ¢*(a. ¢") = [0.1]. By Lemma 2.3,
in a subgame perfect equilibrium paint ¢*(a. ¢”) must be zera, that is, far each
¢" € [0, 1] the subgame perfeer equilibrium paint (a. ¢) is given by (&, 0).

By the cansistency condition of Definition 3.1, in the psychalagical equilib-
rinm point ¢** = ¢ = (0 halds. Since k > ey — e, @™ = 0 hy Lemma 3.2, We
abrain the resulr. W

4 Belief-dependent impulses for deceiving

We incarparate player A's helief-dependent impulses for deceiving player I,
inta aur henchmark madel. We fallow the previous section far the formarion af
the helief-dependenr payaff. Cansider the scenaria where player A has chasen
the level of efforr e; and player I does not conduer the investigation for the
level of effarr chasen by player A. In this seenaria. the smaller the secand arder
helief ¢" of player A for chaasing the low effort e is, the mare player A wirh
his belief-dependent impulse for deceiving player I* would feel sarisfacrion with
thiz situation. We add a decreasing funcrion ga(q") ta plaver A’s payaff of the
aurcome carresponding to this scenario.

Assumption 3. gy € B¥ is a cantinuous and manatanically decreasing funcrion
and fulfills that g4(0) = ky and g4(1) = 0 where k; > 0.
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We invesrigate the peychaolagical equilibrium point in our madel with player A’s
impulse for deceiving.

The hest respanse carrespandence of player A

We replace the function g in the previons Section 3 with the function ga. sa thar
i T + — —lp(up—ur)+(er—en) . L)
chrain fallowing Lemma .1, Ler Ga(a) = g, (% —(w —wr))
where gr}l is the inverse function of g; where o # 1. Note thar this funcrion
Gala) is a decreasing ane.

Lemma 4.1 The hest respanse carrespandence ¢* (a. ") of plaver 4 with ¢"
given hy

1 if ¢" < Gula),
q (a,q") = [0.1] if ¢" = Gala),
0 ifg" > Gyla) ara =1

According ta Lemma 4.1 and following Lemma 4.2, the best response correspon-
dence g* (a,¢") af player 4 with ¢” is drawn ar Figure 7.

Lemma 4.2 There exists a numhber a,, such thar Gy(a, ) = land o® < a,, < 1.

This lemma follows fram continuity of ga(a). The procf of this lemma is rele-
gated ra the Appendix B

The psychalagical equilibrium paint

Thearem 4.1. The psychalagical equilibrinm paint (o, ¢*, ¢") af aur madel
with player A's impulse ra deceive is given hy (a,,. (1. (0) where

— Gi(lum—ur)—(em—ecr])
Cm = i ( (war—wr | +ka J

(Proof:) TLet a = G';l(q7’] far each ¢ € [0.1]. By Lemma 4.1, player A's hest
response carrespandence ¢* (@, ¢") is given by ¢*(a.¢"”) = [0, 1]. By Temma 2.3,
in a subgame perfect equilibrium paint ¢* (&. ¢") must he zera, thart is, for each
€ [0, 1] rhe subgame perfect equilibrium point (. ¢) is given by (@, 0).
By the car _1v-rr-nri condition of Definition 3.1, in the psychaological equilib-
rium paint ¢** = ¢ = 0 must hald. Then a** = C‘, (1) =a,. N

Since a* = 4711 — 2= ) and ky > 0. it turns cur that o < am,.

W —lr
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¢ (a.q")

—Gala)

Figure : The hest respanse correspondence ¢* (a, ") of plaver A wirly his helief-
dependent impulse for deceiving.

5 Belief-dependent reciprocity

We incarparate helief-dependent recipracity inta the payaoff of player 4 af aur
madel & la Dufwenberg and Kirchsreiger (2004) and Falk and Fischbacher (2006].
¥ Let Eui(a.q). (i = 1,2}, he each player #'s expected payoff function formulated
in Section 2 of this paper (expressions (2.1} and (2.2]) and ¢” the secand order
belief of player P. A formulation {Eu(a,q") — Eup(a,¢'")} measures player
s kindness as perceived by player A. A formulation {Eup(a, ¢} — Eup(a.¢")}
measures how much player A alters player s payoff with his own hehaviar
strategy ¢. Thus, the praduet of {Eu(a.¢") — Eup(a.¢")} and {Eup(a.q) —
Eup(a,¢")} measures the recipracity utility of player A.

We assume thar the expected payeff Eu'i(a, ¢,¢") of player A with helief-
dependent reciprocity is

Eufi(a,q.¢") = Euala, q) +
pa{Eua(a.q") — Eupla.q"}} - {Eup(a.q) — Eupla.¢"}}.  (2.1.0)

where g4 is a positive parameter that represents the impact of reciprocation an
playver A's payaff.

The second term, g4 - {Eugla.q") — Fup(a.q¢")} - {Fup(a.q) — Eupla.q")}.

is the payoff caused hy player A's helief- dnpnndcnr recipracity.

“Raltan and Gckenfels (2000) propescs a theary of canscquentialistic recipracity.
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The psychalagical equilibrium paint

Dufwenherg and Kirchsreiger (2004} and Falk and Fischhacher (2006] prove
the existence theorems of the psychalogical equilibrium paints of games with
belief-dependent recipracity. Their existence thearems hold in the serting of
aur madel.

Suppase rhat in the peychological equilibrivm point of aur madel rhe player
A with belief-dependent reciprocity chooses the high level of effort €. That is,
we assume that rhe equilibrium hehaviar strategy of player A is given hy ¢ = (.
By the cansistency condition of Definirian 3.1, the secand arder helief ¢" must
he zera in this equilibrivm. We verify whether the hehaviar strategy. ¢ = 0, of
player A becames the hest respanse for same o € [0, 1] ar nat.

Since the expecred payaff funcrion Euﬁ’(ﬂ. q.q") is a linear functian af . the

caefficient of ¢ in the funcrion Ev’{(a. q.¢") is given hy

OEul

(a,q.9") ={(1 — 3(a))(wny —wr) + (e —er)} +

pala”{(L = Gla))(wn —wr) + (e —ep)} + (wpr —wr) —
(L —a")(perr — ca —wpp) — " {A(a)(wy + ¢ —wpy) + i —wr}]
[—{pm —ca —wp}+{d(a)(wr + ¢ —wp) + pr —wr].

By simple calculations, we find that if (prp — wp) — (pr — wyp) > e, then
QE:'E (a.0.0) > 0 for each a € [0.1]. ¢ Thar is, far each a € [(. 1], player A
with helief-dependent recipraciry has an incenrive for choasing the low level aof
efforr e7. This fact cantradicrs our assumprion thar the hehavior straregy g of
player A is zera in the peychological equilibrium point. Thus, we obrain the
following result.

Theorem 5.1. Player I (an inspector) can nar prevent player A (an inspectee]
with belief-dependent reciprocity fram choosing the low level of efforr 7 in our
manitaring madel.

This thearem contrasts sharply with those in the former sections. Mareaver.
in Thearem 1.1.. Thearem 2.1.. and Thearem 3.1, player I (an inspector) can
prevent player A (an inspectee) fram choosing rhe law level aof effarr ep in
equilibrinm paoinrs.

6 Concluding remarks

Explairing the cansistency candition required hy the definition of psychalogical
equilibrium painrs, we have found a wnigue equilibrinm paint of our madel in
Section 3 and in Secrion 4. The consistency candition is the key ra specifying
hehaviars af players with helief-dependent payafts. Inside rhe sphere of the
psychalogical game theory, we can naor explain how the consistent beliefs are

Nate that we have assumcd the incquality (g —wpg) — (pr — wr) > ¢ in Scetion 2.
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enfarced an the players. We need ta rely an several ways ourside the sphere
of the peychological game theory ra madel the mechanism for enforcing rhe
cansistent heliefs an the players. For example, the evolutionary game theory
wauld he the hapeful way.

Our henchmark madel is formmlared by means of inspection games. Ir is
widely recagnized that if the inspecrar (principal) takes leadership announc-
ing his strategy and making it knawn ta the inspectee (agent), the inspectar
(principal} can prevenr the inspectee (agent) fram chaosing undesirable acrion
for the inspectar (see Avenhaus, Okada and Zamir (1991) and Avenhaus. von
Stengel and Zamir (2002)). We have shawn, hawever. that when the agent has
helief-dependent recipracity, the inspectar can nat prevent the inspectree fram
choosing undesirable action for the principal. Inspection games deal with a situ-
arion which is more or less comperitive. In the competitive siruation, the agent
feels unkindness of the principal. When we apply the theory of inspecrar lead-
ership game to our real life. we must pay attention ra rhis feeling of unkindness
perceived hy the ingpecree.

We have investigated a simple manitaring system. Only twa distiner levels
of wage. high or low. is considered. Dye (1986 and Kanodia (1985) constructs
manitaring madels similar ra ours. They assume mare flexible wage than rhar
af our madels. We need ra comstruct a moniroring madel which has maore levels
af wage than that of our madel.

Appendix A

This appendix A pravides praafs of lemmas in Section 2.

Proof of Lemma 2.1. Tram (2.1.a), if (1 — d(a))(wy —wy )+ (eg —er) >0
then ¢*(a) = 1. Since wy —wy > 0. the former inequality hecomes G(a) >
1- :i:if Due ta wy — e > wyp —cp, = (0, inecualiries (1 < “‘;;‘” < 1 hald.
Hence, by Assumption L, the funcrion 3(a} has the inverse function 4711 —
ﬁ} which is decreasing. I follows thar the inequality (1 — d(a))(wy —
wyr) + (e — ([) > (1 is equivalent ra a < 471 — %‘

Tram (2.La), if (1 — 3(a))(wy —wr) + (err — c;) = 0. then ¢*(a) € [0.1].
Since the inverse function 37! exists due o Assumption 1, the farmer equality
hecomes a = 4711 — ﬁ).

If (1—G(a)) (wy—wr)+((epr—er)) < 0. then q *(a) = 0. Due ro Assumption
1. the funcrion 4(a) has the inverse funcrion 37! € [0, l][" 1 which is decreasing.
Hence. the condition (1 — G(a))(wy — wr) + (e — 1)) < 0 becomes a >
A1 — oy @

w wr '
Proof of Lemma 2.2. (1) By Lemma 2.1 and (2.2.a), Eup(a.q™ () = pp +
Ala)(wr +c—wpy)—wy, for each a € [0.a”). Since G(a) is a drrlr‘nsmg, function
aof a, wy —wyp > ¢ if and only if Eup(a,¢"(a)) is an increasing funcrion an
[0.a").
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(2) By Lemma 2.1, Eup(a.q" (o)) = peg —ca —wy for each (o, 1]. Since ¢ > 0.
we abtain the result. W

Proof of Lemma 2.3. (1) Eup(a.0) > Fup(a. 1) is gy — ca —wy > pp +
Ala)(wy + ¢ —wy) —wp from (2.2). This inequality hecomes pegr — pog. +
(3(a) — V)(wy —wp) > (a+ d(a))e. Nating a fact that for each o € [0,1]
a + dla) < 1 which is implied from the definition of G(a)., we chrain thar
ptir— i+ (Aa) =D (wg—wp) = pr—ptp —olwyg —wr) > pp—pr—wy+wy =
(perr —wp) — (pr —wyp) > e > (0.

(2) When wy — wy > e the praof of this part (2) of Lemma 2.3 is triv-
ial. We cancentrate ourselves an the case wy — wyp < ¢, Suppase, hy con-
tradiction, Eup(0,1) > Eup(a®.0). Then, there is a number o' € [0.a7]
such that Eup(0,1) = Eup(a’,0) hy part (2) of Lemma 2.2. We have o' =
w + 1. Since (g — wyr) — (g1 — wyr) > 0, we chrain o' > 1.
This iz a cantradiction. W

Appendix B

This appendix B provides praofs of lemmas in Secrion 3 and in Section 4.
Proof of Lemma 3.1. Fram (2.1.h). if an inequality 3(a)(wy —wr +g(¢")) +
(wp —wy)+ (e —er) > 0 halds, then ¢ (a, ") = L. Ler d(a) # 0. Then. the

"y s (up—ur)+ler—en)

inequality hecames g(g") Sla) — (wyr —wyp). Naring that g has

rhe manatanically increasing inverse funcrion ¢! € B hy Assumption 2, the
(wp—wp)+(er —em) (wp — U'-'L}]-

5(o)

TFrom (2.1.h}, if an inequality 3(a) [_u'nfu';}rg(q”))+(u';,fu'n} (epp—er) <
0 halds, then ¢*(a.q") = 0. Let d(a) # (0. Then, the inequality hecames
I]I(l',‘”‘ < (wp—upl+ler—em)
- 4

(o)

inequality hecomes ¢" > g7 (

(wpr—wy ). Since g has rhe monoronically increasing

_1 - mE

€ E*, the inequality hecomes ¢ < g~* (w -

inverse funerion g 3
(wp —wr)).

From (2.1.1). if an equality G(a) (wy—wi+o(e”))+(wr—wy)+(eg—er) =0
halds. then player A randomly chaoses the level of effort. Letr d(a) # 0. Then
(wp—wur)+(er—em)

(o)

the equality hecames g(g") = — (wy —wyp). Since g has its

inverse function ¢! € ¥, we chrain ¢ = ¢! (W —(wgr—wp)).

“’llf!u Ala) =0, tharis, a = 1. 3o} (wy —wp +9(q")) + (wp —wy) + (e —
er) = (wp —wy) + (eg —er) < 0 due ta the inequality wy — ey > wp — €
that we have assumed in Secrion 2. Hence, ¢* (1, 4"} = 0 for each ¢" € [0.1]. W

Proof of Lemma 3.2. Since A(0) = 1, G(0) = g Yer — ey} < 0. By
Assumption 2, e, — ey < —k if and anly if G(0] < 0. G(a) € RO ic a
differentiable and monoronically increasing funcrion due o Assumption 1 and
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Assumption 2. Since lim G{a) = +oc. there is a number a; € (0, 1) such thar
a—sl— :

Gloy)=0if and only if ef — e < =k .

Since G(a*) = G(A7(1 — 222 = 1 and G(a) € R is manatonically
. . . . Wopp—UT -
increasing, we ahrain oy < o*. B

Proof of Lemma 3.3. (1) Since G(a) i= monatanically increasing, ¢ > 0 >
G(a) for cach point (a.q") € S1. Hence ¢* (a. ¢") = 1 for each paint (o, ¢') €
Sy by Lemma 3.1. From (2.2.a), the expecred payoff of player I is given by
Eug(a. 1) = dla)(wy + ¢ —wy) + ppp — wy for each point (a.¢") € Sy.

Tor each point (a.¢") € Sz, ¢"(a.¢") = 1 by Lemma 3.1. From (2.2.a}, the
expected payoff of player I is given by Fuy(a. 1) = fdla)(wy +c—wp)+pp —wyp
far each paint (a, ¢") € Ss.

(2) For each point (a.¢") € Sa. ¢ (e, ¢") = 0 hy Lemma 3.1. From (2.2.a),
the expected payaff of player 7 is given by pejr —ca —wyy far each paint (a. ¢"’) €
Sa.

Since G'(a) is monoronically increasing, ¢ < 1 < Ga) for each paine
(a.q") € Sy. Hence ¢"(a,q") = 0 far cach paint (a.¢") € Sy hy Lemma
3.1, From (2.2.a). the expecred payotf of player I is given by ptyy — ca —wyy for
each paint (a,¢") € 5, A

"

- v wmy o fa] —er vy — o~ Loy

Prquf af Lernfna 42 51‘11.(2(! Gala™) = Gal(s71(1 — ﬁ))‘— 94 (U‘, =1,

Gala®) = 1. Since lim jd(a) = 0, lim Gula) = —oc. Gy i a conrinuous
a—sl— =1

function on [0, 1), Hence, there exists a numher a,, such that Gy(a,,) = 0 and

o' <a, <l N1
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