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Abstract

The purpose of this paper is to discuss agent risk taking and efforts in the context of multiple he-
terogeneous references. We focus on two key references in terms of performance target and aspi-
ration income. And we also introduce them into the principal-agent model. By the method of nu-
merical simulation, our results show that performance target and the gap of psychological refer-
ence income have complex interaction influences on agent risk taking and efforts. In addition,
profit-sharing coefficient plays moderating role in these complex relationships. Our results also
provide good evidence and supplement to Pepper and Gore’s proposition.
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1. Introduction

According to Prospect Theory [1] and Behavioral Agency Theory [2], agent would form a gain-loss frame based
on a psychological reference point, rather than the final expectation when he/she makes behavioral decisions.
This phenomenon can be reflected in the decision process of agent risk taking and efforts [3]. Kahneman and
Tversky (1979) have suggested that the reference point could not be only the status quo of decision maker, but
an expectation or aspiration level and etc. [1]. Scholars afterwards have extended the derivation of agent’s ref-
erence point to various contents, including relative pay [2] [4], history performance [3], target difficulty [5]-[8],
goal progress [9], incentive forms [10] [11].

However, exiting studies were all concentrated on single reference point. A very few studies have argued that
agent would be available to frame problems with multiple reference points [12]-[16], and hence presented a
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complex pattern of risk behaviors. The reference points in each of these finite studies are with uniform property
that we define as syngeneic references, e.g. all about performance (e.g. current performance, industry perfor-
mance, target performance or performance expectations/aspirations) or about gain/loss of prior enterprise profits.

In this paper, we consider the context of multiple heterogeneous references, in which agent decides risk taking
and their efforts based on diversiform yet relative referents with different properties. Such dilemma context is
general such as agent obliges to balance the performance target pressured against his aspiration for pay. We in-
troduce two key referents in terms of performance target and aspiration income into principal-agent model. Our
results show that performance target, aspiration income and profit-sharing coefficient have complex interaction
effects on agents risk taking and their efforts.

2. Modeling

We posit that output 7z =h+8@, where h represents agent efforts and 6 is the outcome variable of agent risk-
taking u. The variable @ has contained stochastic disturbance and is uniformly distributed on the interval
{u —-3u®,u +u2} (u>0). The variable # owns a set of good characters, and we define that: agent prefers low
or rational) risk taking when O<u<1,for E(6)=u—u?>0 and P(E(#)>0)>P(E(6)<0);agent prefers
excessive risk taking if u> 1, for E(0)<0 and P(E(6)>0)<P(E(¢)<0);and agent makes risk-free choice

ifu=1,for E(6)=0 and P(E(6)>0)=P(E(6)< 0):%. In Pepper and Gore’ (2012) study, principal is

risk neutral, and they argued that expected income of agent’s risk taking would be maximized when u = 1.
We consider an asymmetric and more pragmatic compensation of agent that given by:

where « isfix salary, g isthe profit-sharing coefficient,and 7z represents performance target.
According to the Behavioral Agency Theory [2], agent is loss averse and reference dependence. Hence, we
assume the value function of agent is:

x-T x=>T
V(X)z{/l(x—T) x<T

where T is the reference point.

We follow Dittmann et al. (2010) to separate effort-disutility from the income utility [17]. Meanwhile, ac-
cording to the independent action of multi-references [14], we divide the agency utility into three parts: perfor-
mance achieved utility g(7), pay satisfaction utility h(s(x)), and effort disutility c(h). Consequently, the
total utility of agent is given by:

U(hua,B,7,T,)=g(7)+h(s(7))+c(h)

where
h+u+u? z h-+u-+u? 7
9(7)= I (m—7z)f(x)dz+ I Mr—-7)f(z)dr = (72'—7?)4—12d7r+ﬂ I (r—7)dx
z h+u—3u? z u h+u—3u?

(The expression of g(7) is from v(x) which is the value function of agent, and f () :4—12, which is the
u

probability density function of )

a+ﬂ(h+u+u2—7?)

Ta

a+ﬂ(h+u+u2—ﬁ)

1 T 1
= TJ; (S(n)—TA)WdS(ﬂ)+ﬂ£(S(ﬂ)—TA)mdS(ﬂ'),
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(T, isagent’s aspiration income, and f(s(x)) is the probability density function of s())

1
h)=-=h?
e(h)=-3
We get
2

(h+u+u2—7“z)z—ﬂb(h+u—3u2—;%)2 [ﬂ(h+u+u2—7%)—t} —At?
8u? i 8u?p

U (h,u;,B’,fr,t):—%h2 +
where t=T,-«.

3. Propositions

Definition 1: T, —« denotes the gap of psychological reference income of agent, and is taken as a whole®,
To maximize U (h,u; 3,7,t), if and only if

U (h,u; 8,7,t) _ (1+,B)(h+u+u2—7%)—2/1(h+u—3u2—fr)—t_hzo O
oh 4u

U(hu;pzt) (2u +1)(1+,B)(h+u +u? —7%)+/1(6u —1)(h+u —3u? —7%)—(2u +1)t

ou 4y?

heutu?—7) —A(h+u-3u’-72) A2—(t-p(h+u+u®-7 ’
(w2 - f (a2
au° 4pu° '

O]

where t=T,-«a.

Equations (1) and (2) have no explicit solution. Thus, we conduct analyses on relationships among these va-
riables by the method of numerical simulation. We utilize the method of interior point algorithm? through Mat-
lab 2012b, and the parameter assignments are as follows:

A=225 (A>1)
$=0.1,02,0304,05 (0<p<1)
t=0,0.1,0.2,0.3,04,05,06,0.7,08,091 (t=T-a,0<T <L0<a<1l)
7=01234,56,7,8910 (7=>0) 3
Additionally, variables must satisfy

—3u?+u+h<z<h+u+u’,and 0<t<p (h+u+u’-7).

Proposition 1:

a. T,—a has positive relationship with u, and influences positively on h under high level of 7z and has
U-shaped influence on h under low level of 7.

b.Both 7 and g have moderating effects on the influence of T, —« onuand h.

Under high level of 7, u and h are positively influenced by T, -« , and the increase of S significantly
weakens this influence(see Figure 1(a) and Figure 1(b)). Under low level of 7z, T, —«a has positive effect on
u, while is complex correlated with h (see Figure 1(c) and Figure 1(d)). In addition, the increase of A intensi-
fies the effect of low-level T, -« while outstandingly weakens the effect of high-level T,—« on u and h,
and even leads to the U-shaped relation between T, -« and h.

!In fact, previous studies have implemented similar process but without clear definition [18].

This method is used to solve linear and nonlinear convex optimization problems.

°First, A=2.5 derives from the experiment results of Kahneman and Tversky (1979). Second, we do not build withdrawal mechanism, and
hence the values of 7 or t are deemed as in an acceptable range. Third, we test much more sets of assignments and conclude that above
assignments are appropriate and able to present the relations of variables.



Q. Wang et al.

risk taking efforts

o+
01 02 03 04 05 06 07 08 09 1 01 02 03 04 05 06 07 08 09 1
@) (b)
risk taking efforts
3 4
Pt -+ -vo1em
Top= =4p= - -b=02p=1 =
2 FETPEORRE "
] v -
2 et e |
1T -4 o B ebe—i= i
1"
0+ — 0
0 010203040506070809 1 0 0.10203040506070809 1
(c) (d)

Figure 1. (a) x, y-axis are respectively T, —a and u; (b) x, y-axis are respectively T, —« and h.

(Note: b represents 4 and p represents 7 , similarly hereinafter); (c) x, y-axis are respectively T, —«
and u; (d) x, y-axis are respectively T, -« andh.

Proposition 2:

a. z is positively related with u under a lower level of S, while has U-shaped relationship with u if g
exceeds a certain point. Meanwhile, the influence of 7z on u is weakened by the increase of g (see Figure
2(a)).

b. Under a certain level of g, agent takes rational risk when 7 is low and prefers excessive risk taking
when 7 increases to a high level (see Figure 2(b)).

¢. h enhances with the increase of 7. Moreover, B negatively moderates the influence at the high-level 7,
and has U-shaped moderating effects at the low-level 7z (see Figure 2(c)).

d. The influence of 7z on u and h is moderated by T, -« , and the moderating effect would decrease and
approach to 0 after a culmination (see Figure 2(d)).

Proposition 3: When agent faces “dilemma reference dependence”, i.e.

a. The gap of psychological reference income of agent is satisfied (i.e. T, —a =0) while agent faces a pres-
surized performance target (7? > 4): agent enhances u and h with the increase of 7, and even takes excessive
risk. Simultaneously, g has no longer moderating effects (see Figure 3(a) and Figure 3(b)).

b. Agent has stress-free performance target (i.e. 7 =0) while the gap of psychological reference income is
not met (TA -a> 0): u and h raises with the increase of T, —« . The relationship is signally weakened by g
at high-level T, —«, and strengthened in a minor degree when T, —a is low (see Figure 3(c) and Figure
3(d)).

Proposition 4:

Appropriate weak incentive accompanied with a moderate performance target is a more effective way to mo-
tivate agent to pay more efforts and adopt opportune level of risk taking.

Previous studies have also concluded comparable propositions from multi-aspects*. We demonstrate the

“These factors include exogenous ones, such as multitasking [19], the complexity and difficulty to measure performance [20], and benefit for
enterprise centralizing [21]; and endogenous ones, such as knowledge constraints [2].
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Figure 3. (a) x, y-axis are respectively 7z and u; (b) x, y-axis are respectively 7z and h; (c) X, y-axis
are respectively T, —« and u; (d) x, y-axis are respectively T, —« and h.
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Figure 4. x, y-axis are respectively T, —« and expected outcome.

proposition of Pepper and Gore (2012) who put forward that there is a set of first-best compensation strategies
[2]. T,—a and 7z must be set at the most appropriate level to maximize expected outcomes. Otherwise, nega-
tive outcomes generated by excessive risk taking may surpass the performance growth brought by efforts, and
the optimal level of risk taking and efforts cannot be stimulated if T,—a and 7 is below the certain level
(Figure 4).

4. Conclusion

To sum up, the mechanisms of agent risk taking and efforts are more complex in the context of multiple hetero-
geneous references. As shown in Figure 5, a conceptual model is provided to integrate these complex relation-
ships. Specifically, performance target and the gap of psychological reference income have interaction effects on
agent risk taking and efforts. In addition, profit-sharing coefficient plays moderating roles in these interaction
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T >

Figure 5. The integrated model.

relationships. Our results also provide good evidence and supplement to the proposition of Pepper and Gore
(2012).
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