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This paper analyzes the impact of heterogeneous (social) preferences on the
weighting and combination of incentive performance measures as well as on a firm’s
profitability within a principal-agent framework. Previous literature had failed to
recognize heterogeneity effects. We consider rivalry, pure self-interest and altruism
as extreme forms of such preferences within the spectrum of possible alternatives,
and show that firm profits are maximized when differentiation among agents is
maximized with respect to individual (social) preferences. In order to realize these
gains in profitability, it is necessary that a firm directs principals to reallocate
participation in performance measures so that competitive agents are privileged over
altruistic agents. By modeling the need to incorporate heterogeneity of agents we
provide insights that differences in social preferences can be managed to improve
wage compensation and other business administration deliberations within a
decentralized firm.



1. Introduction

If we try to define the concept of ‘firm’ as simply as possible, we could say that firms
are structures where several people work together in order to achieve common
goals. Humans are social beings, and as such they may care, or not care, for one
another and inevitably bring with them differences in views and tastes. With that in
mind, it is clear that not all employees get along with each other equally well,
especially in places where interaction is frequent and personal, such as firms. Some
employees are more productive in certain environments than in others. This is partly
a result of the motivational skills of direct leaders; however, differences in personal
social preferences also seem to have a major influence on employee productivity.

Using a principal-agent framework within a decentralized organization two
guestions are examined: (1) what factors determine the impact that differences in
social preferences have on profitability? (2) How can we compose a group of workers
optimally in order to guarantee the best possible performance from a superordinate’s
point of view? To answer these questions, we will first show how a principal reacts to
his or her agents’ homogeneous and heterogeneous social preferences of varying
strength when incentives are provided. Following that, we will present formally
derived statements about the consequences of social preferences on firm
profitability.

Previous works have failed to recognize the heterogeneity of agents in their
analyses. When studying organizational behavior, economics experts have so far
typically concentrated on analyzing the structure of the optimal reward system under
the assumption that employees behave in a purely selfish manner.! Since those
studies do not consider differences in preferences, it has been difficult to draw
conclusions about the best way of composing a team. However, studies from

different fields within the behavioral sciences like psychology?, neuroscience® and
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experimental decision theory* suggest that, in many cases, the economic decisions
that individuals make are also determined by social preferences such as altruism,
inequity aversion and reciprocity.®

Generally, preferences are designated as social “if a person not only cares
about the material resources allocated to her but also cares about the material

"5 On the basis of this definition,

resources allocated to relevant reference agents.
various types of motivational structures are distinguished in the economics literature,’
the main criterion being the effect that changes in another person’s payoff has on the
individual’s own utility. In this paper, our theoretical framework does not permit us to
analyze all relevant types of preferences. We have chosen to focus on pure self-
interest, rivalry and altruism, although reciprocity and inequity aversion are also
examined to some extent in the previous literature, especially in the context of
experimental decision theory. An important reason for our choice is that we are
interested in the possible effects of differences between the preferences of several
agents on the principal’s provision of incentives and on firm profitability. Therefore,
social preferences that aim at a minimum of differences e.g. in wages, like reciprocity
and inequity aversion, cannot be a suitable starting point for such an investigation. By
contrast, rivalry, pure self-interest and altruism represent three types of preferences
within the spectrum of possible types, where at the one extreme, in the case of
rivalry, the other agent's payoff is always evaluated negatively, and at the other
extreme, in the case of altruism, it is always evaluated positively, independently of
the overall distribution of wages.

Focusing on those three types allows us to draw intuitive conclusions about
the either complementary or contradictory relation between a principal’s
counteractions (necessary for exploiting each of his or her single agents’ social

preferences) and, as a consequence, about the impact that such measures have on
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firm profitability. Furthermore, in reality, rivalry seems to play an important role in
many business areas, as can be seen from the ongoing discussion on wage justice in
Germany® as well as in Northern America®, but also in other fields of interest such as
sports. Altruism, however, has also been shown to have a strong effect on human
behavior under various circumstances.™

As we will see below, rivalry and altruism can be modeled in comparable
terms,*! each time including pure self-interest as a limit in case we take the particular
social preference parameters in our mathematical formulations to zero. This enables
us to employ the same analytical framework for studying differences in intensity
among homogeneous as well as among heterogeneous types of (social) preferences.
Therefore, in this paper we analyze one formal class of comparable preferences, of
which three extreme types have been included. By contrast, preferences like
reciprocity and inequity aversion, which are based on fairness, would require a
different modeling approach.

Our results highlight the importance of variety in the agents’ motivational
structures. In the following, we will show that a principal can use this variety to
increase his or her own profits. As a prerequisite, he or she must shift the weightings
of performance measures between agents in a way that the (more) competitive agent
gains at the expense of the other agent. This scheme can be seen as an optimal way
of reacting to the agents’ social preferences. If the monetarily discriminated agent
views such measures as positive, this translates into higher profits for the firm, i.e.
the less “disadvantaged” agents see the consequences of such measures as
negative, the higher the firm’'s profits, which implies that principals can often make
use of differences in motivational structures, but cannot profit from equally strong
homogeneous social preferences. This contradicts the common intuition that altruistic

agents, who do not begrudge others their prosperity, make the largest contributions,
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and are therefore the most important members of a team. Instead, as will become
evident, competitive persons are equally significant as part of a mixture of different
characters.

The remainder of the paper is organized as follows: Section 2 relates our work
to previous research in the field. Section 3 outlines the framework of our analysis and
describes the theoretical model we use here with its basic assumptions. Sections 4
and 5 contain our main results. First, the consequences of taking into account
different social preferences when designing the structure of the optimal wage
compensation system are examined in Section 4. Then, on the basis of our results, in
Section 5 we consider the impact of heterogeneous (social) preferences on firm
profitability. Section 6 explores the implications of our theoretical analysis and

highlights opportunities for further research.

2. Relation to the Literature

Previous research on social preferences in principal-agent models distinguishes
between models that concentrate on vertical comparisons of an agent with his or her
principal*? and models that concentrate on horizontal comparisons between agents
on the same horizontal layer.™® In the latter case, authors usually focus on the optimal
design of the wage compensation system.'* The question of whether the principal
can make use of his or her agents’ social preferences is explicitly addressed in only a
few papers, which do not offer clear-cut results.

Rey Biel (2007) examines the impact of inequity aversion and shows that in a
situation of team production without any uncertainty, welfare comparisons between
agents have an intrinsic motivation effect on individual efforts. Itoh (2004) confirms
these results and generalizes them to include competitive preferences in a model

which incorporates uncertainty but neglects technological dependences. He draws
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the conclusion that social preferences among agents on the same hierarchical layer
are generally beneficial from a firm’'s point of view. Both papers impose limited
liability constraints. In this spirit, Bartling and von Siemens (2006) claim that among
employees, envy can only have a cost-reducing effect in cases of limited liability.

By contrast, Dierkes and Harreiter (2006) show that a principal can make use
of his or her agents’ rivalry also in cases where there is no limited liability; however,
Bartling and von Siemens (2005, 2006) point out that in such cases, envy and a
preference for inequity aversion may increase agency costs and thus harm a firm’'s
profits. Neilson and Stowe (2008) suggest that, despite an intrinsic motivation effect,
in cases where inequity-averse agents are concerned, the principal’'s inequity
premium increases with the inequity aversion of his or her agents.™ Similarly,
Demougin, Fluet and Helm (2006) deduce that in a two-task environment, where only
one agent’s efforts are observable, inequity aversion unambiguously decreases total
output and hence labor productivity, although their model includes the limited liability
constraints.

As this brief overview shows, the available literature offers no clear
understanding of how different social preferences impact profitability. What's more,
all cited papers take for granted that agents do not differ with respect to types of
(social) preferences while the issue of altruism is not adequately discussed. In actual
business life, however, it is more realistic to assume that the members of a team may
have different behavioral traits. In our study, we shall try to provide a thorough
understanding of the factors that determine the impact of diverse types of social
preferences on profitability. To achieve this, the underlying theoretical framework
must allow the explicit computation of utilities and, therefore, a precise solution.
Previously developed analytical models are often formulated in a very general

manner and hence cannot be solved for the principal’'s decision parameters that
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specify his or her contract offer'® or only allow remuneration to be assessed in
dependence of discrete outcomes that are affected by agents’ discrete efforts as well
as by which discrete and stochastic external conditions apply.'” In the latter case, the
explicit calculation of utility values is in fact possible, but only under additional
restrictive assumptions, such as that agents have identical (social) preferences.®
Therefore, we employ an exactly solvable principal-multiagent linear-exponential-
normal (LEN) model®® and extend it by incorporating heterogeneous social
preferences.

Concerning the optimal provision of incentives, earlier studies have shown that
preferences for inequity aversion (Itoh 2004; Bartling and von Siemens 2005) as well
as envy or rivalry (Bartling and von Siemens 2006; Dierkes and Harreiter 2006) lead
principals to provide their agents with more equitable, so-called “flat wage” contracts.
Itoh (2004) also compares the advantages of team-based compensation and relative
performance evaluation under the assumption that agents have identical (social)
preferences. Although this is not our primary objective, in our paper we explore this
point further, by investigating how to weight and combine performance measures in
the presence of various social preferences as well as stochastic dependences.? In
contrast to most existing studies,?* we also allow for differences in the agents’ other
personality traits, apart from their motivational structures.? By doing so, we are able
to deliver new, in-depth insights into the overlapping functions of the principal’s share

rates, as well as into their motivational potential.

3. The Model

Conceptual Framework of Analysis
The impact of social preferences on the optimal structure of the principal’s system of

incentives and firm profits may depend on both external and internal determinants.
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Organizational and environmental conditions, as well as conditions of production, are
of particular importance. The relevance of organizational conditions derives from the
assumption that agents belong to different decentralized divisions. Within a firm,
arguably an employee’s most important connections to his or her superior follow a
vertical direction, while those to his or her colleagues on the same hierarchical level
follow a horizontal direction (see Figure 1). Both types of relationships may impact an
employee’s performance. In this paper, we are mainly interested in how the
heterogeneous preferences among agents affect firm performance, so we will only
consider the psychological interdependences between pairs of horizontally aligned

agents on the same hierarchical layer.

Insert Figure 1 here

Figure 1: Directions of psychological relationships as a result of social preferences

Technological dependences in the production process arise if an agent’s
performance measure is affected not only by his or her own activities, but also by
those of agents in other decentralized divisions (and vice versa). Environmental
stochastic dependences are present if the profits of two decentralized divisions
depend on correlated error terms. For example, such correlations can result from
external market conditions or the general business cycle. Therefore, the influences of
different preferences in a decentralized organization can be analyzed in cases of
internal technological and/or external stochastic dependence as well as

independence (see Figure 2).

Insert Figure 2 here

Figure 2: Determinants of the research problem

Space does not allow us to explore fully the influence of technological production

dependences, so in this paper we shall focus on the interrelation between stochastic
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and psychological dependences.?® However, elsewhere it has been shown that our

main results about the impact of social preferences on firm profitability hold also in

the case of technological dependences.?*

The structure and impact of preference interdependences are closely linked to
an agent’s personal traits. Social preferences typically concern one or several other
persons. In our model we will consider pairs of agents on the same hierarchical level
(Figure 1). The two agents may have competitive, selfish or altruistic preferences.
Thus, three homogeneous and six heterogeneous combinations can be obtained in

all (see Figure 3).

Insert Figure 3 here

Figure 3: Combinations of preferences

To elucidate the issue, we will begin by formulating the utility functions of the agents
and calculating the optimal incentive system of the principal in the extreme cases of
two-sided rivalry (RR) as well as two-sided altruism (AA). We will then proceed to
examine and interpret in greater detail the impact of different types of social
preferences exhibited by agents on the profit share rates, as established by the
principal, as well as on the profitability of the firm in various scenarios. In our
analysis, we will pay particular attention to the distinction between one-sided (RE or
ER and AE or EA) and two-sided homogeneous (RR and AA) social preferences.
These combinations will be considered separately, taking into account that the
strength of both agents’ social preferences can vary. After that, we will look into the
case of two-sided heterogeneous social preferences (RA or AR). This approach
enables us to draw fresh conclusions about the optimal composition of a team and
the influence that large differences between the preferences of its members can have

on firm profitability.
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Prerequisites and Structure of the Basic Analytical Model

To analyze the impact of diverse preferences, we assume a LEN model with one

principal P and two agents i (i=AB), each of whom leads his or her own
decentralized division. The profits x of the two decentralized divisions, which

depend on the agents’ non-observable efforts a and b as well as on the error terms

&, , which represent stochastic environmental influences, add up to the firm profits,
denoted by x. Therefore, the profit functions based on (isolated) production functions
are:

X, =a+e, ; Xg =b+&;. (2)
The error terms are normally distributed with a mean of zero, variance ¢ and
correlation coefficient p. In this paper no technological dependences between the
two decentralized divisions are assumed. The agents’ efforts cause non-monetary

quadratic disutility V., given by
: 1. .2
Cpaa ’ Vg = Ecsb ’ (2)

where the individual coefficients ¢ allow for unequal marginal costs. Both agents are
offered linear contracts, where the total amount of wage compensation S comprises
a fixed payment a, (5,) as well as a proportional fraction in the profits of each of the
two decentralized divisions, which are determined by share rates a,, a, and 8., Bg:

Sa =0y +aXa +AgXg v S =Bt BaXat BeXs- (3)
The principal optimizes his or her objective function with respect to the wage

compensation coefficients in (3). Depending on the endogenously determined values

of a, and B, three different compensation schemes may develop: (a) individual

compensation for a, =0 (B, =0), (b) relative performance evaluation for a, <0
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(B, <0) and (c) team-based compensation for a, >0 (3, >0). The principal and the
agents have exponential utility functions. Since the principal is assumed to be risk-
neutral, he or she maximizes the expected value of his or her residuum after wage
payments:

Up ==, = Ba) X + (1= 05 = ) X = = . (@)
Both agents are presumed to be strictly risk-averse. The strength of their risk

aversion is measured by the constant coefficients r, >0 and r, >0, where higher
values of r, imply a higher degree of risk aversion.

Three types of preferences are taken into account: pure self-interest , rivalry
and altruism . Agents who are driven by pure self-interest consider only their own
material needs when choosing effort levels a and b, whereas competitive and
altruistic agents also consider the effects of their decisions on the financial welfare of
another agent. In the following analysis, it is assumed that social preferences refer

only to the agents’ remuneration and do not include parameters that are harder to

observe such as costs of effort. By means of S,S; ;i,j=AB and i # j, we therefore
define:

F (Su ([), S ([)) =S ([) -k (Ii S ([) -S ([)) for rivalry (5)
and

G/(s().s,0)=ms+ns,() for altruism. (6)

Since both types of social preferences can vary in strength, the above specifications

represent a continuum of different behavioral types, each of which includes pure

self-interest as a special case for either k =0 or n =0 and m =1

H,(s s, 0)=s O (7)
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In the case of rivalry , the social preference term k (S, ()-S()) in equation (5) for

agent i compares the other agent j’s realized remuneration with agent i’s own

reward. If the resulting value is positive, agent i feels disadvantaged and suffers a
disutility (envy). Therefore, the principal has to heighten agent i’s wage payments if
he or she wants that agent to cooperate. On the other hand, if the result has a
negative value, agent i perceives the other agent as being at a disadvantage, and
draws additional utility from such a situation. This may be interpreted as
“schadenfreude”, so to speak, but also as pride in personal achievements.
Consequently agent i accepts lower remuneration, which suggests that he or she

works harder for unchanged incentives. The social preference parameter k. (k =0)
in formula (5) measures the strength of an agent’s rivalry and can take different
values for each agent. Higher values indicate a stronger rivalry. The parameter |.
measures agent i’s aspiration level. It defines the ratio of the agents’ remuneration
S /S, for which the effect of his or her social preference changes from utility-
reducing to utility-enhancing. For |. =1, agent i is envious and suffers a disutility if he
or she earns less than j. If the rewards of agent i exceed those of |, that agent

feels more satisfied after evaluating his or her remuneration with relation to that of his
or her peer. This evaluation regards utility gains, which are compared to the utility

that agent would receive in case of purely selfish behavior. For values of |. >1, there
exist allocations of rewards where agent i is not satisfied with his or her own
remuneration although agent i earns more than j. In this case, this indicates that
agent i does not accept that agent j should receive even a smaller reward (one
might say, that agent i begrudges agent j's reward). However, values of | <1

indicate that agent i may be gleeful or proud evaluating his rewards relative to those



-12 -
of the other agent although he or she earns less than |, which appears implausible.
Therefore, we restrict the co-domain of |, to the interval [, D[l;oo].

Unlike rivalry, which is considered above, altruism , as described by the
formula given in equation (6), suggests that an agent is content when the other agent
receives a greater monetary reward. This results in a willingness to exert more effort
even when the first agent's own remuneration remains unchanged. The utility
function is strictly increasing in both agents’ wage compensations § and S,. The
weighting factor 0<m <1 indicates that when an agent attaches greater weight to
the other agent’s remuneration through n =20 the subjective importance of the first
agent’s own reward can decrease. Therefore, in equation (6) both agents strive to
maximize the weighted sum of monetary payoffs. For each agent, the wage
payments S and S, are perfect substitutes.?® Using the general specification (6), we
can differentiate special cases of altruism for

m =m, =1 (8a)
as well as

m+n =1 (8b)
For the latter, the social preference term in (6) can be rewritten as:

G ([) = (1_ n, )S| ([)"' nsS, ([) =3 ([)"' n, (Sj ([)_ S ([))-26 9

Edgeworth (1881) calls the relation of weighting factors LS and 1”‘ “coefficients of
m -n

effective sympathy.” They can be interpreted as measures for the strength of

n
1-n

<1), one agent wishes that the other agent receives

altruism. When 1 <1 (
m

. . . . n
high remuneration, but still values his or her own rewards more. For —>1
m
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n, , . . .
I L >1), however, the first agent is even willing to forgo part of his or her own

(

remuneration if the other agent receives more instead. This form of altruism can also
be called selfless behavior. The main difference between specifications (8a) and (8b)
lies in a shift of the reference point. In the case of (8a), selfless behavior begins at
n, =m =1, whereas in the case of (8b), it begins at n =0.5.
The formulas that express different types of social preferences given in
equations (5) and (6) are identical if the mathematical relations
1+k =m . kil =n (10)
hold. This formal equivalence allows us to compare utility values and derive certain
implications concerning the optimal composition of teams. For the sake of simplicity,
here we concentrate on clarifying the procedure that yields an optimal solution,
mainly for cases of rivalry. Using equation (10), one can deduce the corresponding

results for altruism and heterogeneous social preferences without further calculation.

4. Structure of the Optimal Incentive System

Given the stated assumptions, the agents’ utility functions can be written using

certainty equivalent notation. In the case of rivalry, one finds that:
CE, = E[i+k ) s (- Kk1,S, O-V, (- %Var[(l+ k) s O k1, S, (- (11)
Similarly, in the case of altruism we find that:
CE = E[mi S (O n, S, (E)]]—Vi (- %Valr[mi S (+n, S, ([)]] (12)
In either situation, both agents choose effort levels a and b in order to maximize

their certainty equivalents (11) or (12), which, using equations (1), (2) and (3), can

also be written as (the example refers to agent A in cases of rivalry):
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max CE, = (L+k, Jao +(1+ Ky Ja,a+ (L+ k. Jasb =k, o5, -
A X e E AL R A (13)
[ (14 k) Kl 8o 073 + 20001, (14 K, ) - Kl Bt (14 K, ) - Kol B |0}
The principal anticipates this behavior and restricts the optimization problem through
the so-called incentive compatibility constraints. The corresponding reaction

functions of the agents in the case of two-sided rivalry (RF) are:

a= ma{(l"' kA)aA _kAIAﬂA : O:| - p= ma{(l"'ks)ﬁs _kBIBaB ; 0:| (14)

Ca Cs

while for two-sided altruism ( AA), they are:

a:max{m’*a’*c+ WY ;O} ; b:max{mB’BBC+ NeTe ;O}. (15)
A B

The principal further has to consider the participation constraints, which suggest that
each agent has to receive at least his or her reservation utility, normalized to zero in
our model. Given these limitations, the principal maximizes his or her utility function

(4), which for two-sided rivalry can also be written as

(1+ kA)aA - kAIAIBA +
Ca

(1_0,8 _IBB)|:(1+kB)IBB _kBIBaB:|_aO_IBO’

Cg

U, = (1_aA _IBA)|:
(16)

over the wage compensation parameters a,,a,,dg,85,,08.,8;. Performing the
typical optimization steps yields:*’

1tks  p o ki

= 17
Aolvkg tkgly T 14k, +k,l, = (A7)
1+Kg K,
=_ - B [P+ AA 1
B l4kg thely  © 14k, +k,l, . (18)
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ﬁﬁﬁmﬁﬁﬂﬂ (29)
ﬂf%mﬁmﬂi (20)

with
f= 1+r,02 é—pz)cA  Res 141,02 (i—,oz)cA Z—:p (1)
Q, 1 ; Q= = Dﬁp (22)

- 1+r,07% (1—,02)CB _1+rBa§ (1—,02)0B o,

The corresponding results for altruism and heterogeneous social preferences are
obtained by applying the formal relations given in equation (10). From the reference
case of purely selfish behavior, we know that an agent’s wages are lower for higher
values of his or her counterpart's performance measure. This so-called “relative
performance evaluation” is useful in the presence of stochastic dependences
because it enables us to filter out the risks that can be traced back to common
occurrences that lie outside the agents’ responsibilities and affect their remuneration
equally (Holmstrom 1982). When social preferences are introduced, it can be seen
from equations (17) through to (20) that the principal reacts to the agents’
comparisons of remuneration by reallocating their variable wage compensation

components through shifting the shares in performance measures that each agent

receives, where a, and B, as well as a; and p; are interdependent. The

weightings of performance measures are differentially divided between the two
agents according to the type(s) of social preferences, which can cause major
changes in the optimal design of the incentive system.” In order to clarify that
argument, we shall analyze separately the cases of one- and two-sided social

preferences.
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4.1. Profit Share Rates in Cases of One-Sided Rivalry

Impact of Rivalry on the Agents’ Shares in A’s Prof  its
For the analysis of one-sided rivalry we assume that agent A behaves competitively

while agent B is completely selfish (RE: k, >0;k, =0). The optimal expressions for

share rates a, and g, in equations (17) and (19) can be reduced to:

1 Kyl o
a,= + 23
" 1+rAai(l_p2)CA 1+kA+kAIA [Ql ( )
—_ 1+kA
Br= ekl @ (24)

where Q, <0. Thus, B, in equation (24) simultaneously fulfills two complementary

functions. It serves

. as an insurance parameter that reduces the wage compensation risk for agent
B, and

. as a source of intrinsic motivation for competitive agent A.

Considering agent A’s reaction function in equation (14), one can observe that

negative values of B, have a performance-enhancing effect for that agent. This is

due to a reduction in agent B's wage compensation, which leads to greater rivalry
and thus higher motivation for A. The increased effort that A makes as a result leads
to an increase in the cost of effort. Thus, the principal must reduce A’s direct

incentive intensity by reducing a,. In turn, this also reduces the relevant wage

compensation risk for agent A. Accordingly, equation (23) can be written as:

1 K,
a, = + ) <0.
A 1+ rAa_i(l_ pz)CA 1+ kA mA ﬂA (25)

At the same time, because S, <0 as an insurance parameter for agent B no longer

has only a risk-reducing effect when taking rivalry into account (RE or RF), the
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absolute value of B, becomes lower, compared to the reference point of purely

selfish behavior:

Risk, = %\ [ﬁ[aA(l-*_ kA) _kAlApA]ZJf\ +[aB (1+ kA) —kl AﬁB]ZJé +
2[baA(l‘*' kA)_kAIABA][tDB (1+ kA)_kAIAﬁB]JAJBp}'

(26)

When we consider the terms in bold in equation (26),*° it becomes obvious that

B, <0 on the one side may reduce the risk carried by agent B, but at the same time

has a risk-increasing effect for agent A. The latter is more pronounced for

increasingly negative S, values. Less negative values of f, reduce the risk for
agent A. Consequently, when determining f,, it is necessary for the principal to

trade off between optimal incentive intensity on one side and optimal risk-sharing on
the other. The difference from the reference case of completely selfish agents is that,
in this case (RE), this necessity arises only indirectly as a result of agent A’s social

preferences. As a consequence, the absolute value of negative g, shrinks as the
values of the social preference parameter k,, as well as of the aspiration level 1,,

rise, while the positive values of a, are simultaneously reduced.

Impact of Rivalry on the Agents’ Shares in B’'s Prof  its

Again, assuming RE:k, >0;k; =0, the optimal expressions for share rates a, and

B in equations (18) and (20) become:

1 o K,l
a. = — —Ap+_— AA 27
° 1+rAa-i(1_p2)CA Og 1+ky tKala o 27)
—_ 1+kA
Pe T 1ek, +k, .- (28)

Unlike in the previous analysis concerning 3,, here when the principal determines

a, he or she needs to trade off two opposite effects:
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 filtering out risks in the incentive system of agent A, and
* reducing the possible negative consequences caused by agent A’s rivalry.
From previous agency models, it is known that stochastic dependences further the

use of relative performance evaluation, which yields negative values for ag, while

agent A’s rivalry has the opposite effect by enhancing the application of team-based
compensation. Thus, when both forms of interdependences occur at the same time it
should be determined which of these two basic types of compensation will be

favored. Figure 4 illustrates the range of values for share rate a, as a function of the
strength of A's rivalry k,* on one side, and the strength of the stochastic
dependence p on the other.®* The graph reveals that the horizontally drawn zero
plane and the curved a, surface intersect for every value of A's rivalry k,.
Consequently, for every strength of A’s rivalry k,, there is a threshold value p* (k,)
where agent A’s share rate a, switches signs. The intersecting line p* (k,) is strictly
increasing and concave, meaning that the correlation’s threshold value p* (k,) rises
as the influence of rivalry k, increases. The analysis makes clear that higher values
of p augment the merits of relative performance evaluation, while team-based pay

becomes more favorable when agent A’'s rivalry is more strongly developed. If

o< p* (k,), the random variation of both agents’ performance measures is affected

only slightly by common events.

Insert Figure 4 here

Figure 4 : Range of values for a,, dependent on the correlation coefficient p as well as the strength
of rivalry k,.

Thus, relative performance evaluation is not a very powerful means of reducing the
risk carried by agent A. In addition to the comparatively small risk-reduction potential

for agz <0, increasing a, above zero enables the principal to ensure that agent A will

always benefit when higher wage payments are granted to agent B.** This measure,
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which arises from A’s rivalry, increases this agent’s utility and therefore leads to
higher firm profits. As a consequence, the principal implements a team-based wage
compensation scheme. However, if the threshold value of the correlation coefficient
p* (kA) is exceeded, the positive risk-reducing effects are greater than the potentially
negative consequences of rivalry, and thus relative performance evaluation becomes
advantageous.

As a last result of agent A’s rivalry, and of the consequential reallocations of
the agents’ variable wage compensation components as incentives, the principal
lowers incentive intensity S, of agent B. Accordingly, the sum of £, in equation (28)
and the second summand of the mathematical expression for a, in equation (27) are

identical to agent B’s incentive intensity in the case of purely selfish behavior.

4.2. Profit Share Rates in the Case of One-Sided Altrui  sm

Impact of Altruism on the Agents’ Shares in A’s Pro fits

The analysis in cases of one-sided altruism, which is characterized by one altruistic
and one selfish agent ( AE), suggests that there are many analogies between one-
sided altruism ( AE) and one-sided rivalry (RE). In the following, we shall point out
the major differences between these two cases (AE and RE) that arise in the

interpretation of our results. Here too, share rate S, simultaneously fulfills the same

two functions as in the situation of rivalry (i.e. as an insurance parameter that
reduces the wage compensation risk for agent B, and as a source of intrinsic
motivation for the competitive agent A). However, in the case of one-sided altruism,
the effects of S, work in the opposite direction: negative values of 3, reduce the risk
for agent B, but at the same time, these values lower the intrinsic motivation of agent
A.® To see why this is the case, we shall turn to the definition of altruism introduced

further up: this type of social preference characteristically includes the willingness to
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bear a personal cost for actions that increase the prosperity of another person.

Therefore, positive values of g, would translate into greater effort from altruistic

agent A, as this is expected to lead both to higher rewards for agent A and better
remuneration for agent B.

The opposite applies when g, takes negative values, as in our case, because

in that case an increase in the effort of agent A will improve A’s financial rewards but
reduce agent B’s expected income. Thus, altruism partly undermines the positive
outcome of hard work for agent A, since, as a consequence of this social preference,
that agent internalizes the negative external effect of his or her actions on B and
therefore also suffers from their negative impact on B’s remuneration. This results in
less willingness to bear the cost of personal effort, than in the situation of purely
selfish behavior. As a countermeasure, the principal has to boost agent A’s explicit

incentives by increasing a,, otherwise A’s effort will fall short of the principal’s

expectations. These observations are more noticeable at higher values of the

“coefficient of effective sympathy” M
mA

Impact of Altruism on the Agents’ Shares in B’s Pro fits

Agent A’s altruism leads to an increase in explicit incentives for agent B by increasing
his or her variable wage compensation component S, . This is because the altruistic
agent’s utility is positively affected by the other agent’s total remuneration, as a result
of which the altruistic agent is willing to forgo his or her own financial reward. Thus,

the altruistic agent's variable wage payment can be reduced by decreasing ag.

Consequently, the mathematical relation

a, = L Fap-Tag | g0 (29)

_1+rAa§(1—,o2)cA o, m,

holds. The principal’'s scheme can be configured to subsidize the greater effort of the
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selfish agent by exploiting the other agent’s altruism. The resulting higher risk

premiums are compensated through the fixed remuneration components. Reducing

m, from 1 and raising n, from O, i.e., increasing the “coefficient of effective

sympathy” ﬁ, amplifies the described effects, as can be seen from equation (29).
mA

In contrast to the rivalry situation, here a, is negative, even in the absence of social

preferences. Therefore, there is no need for a trade-off between relative performance
evaluation and team-based compensation. Both agents are rewarded relatively to
one another, irrespective of the strength of agent A’s altruism and the degree to

which the error terms in their performance measures are correlated.

4.3. Combined Effects of Two-Sided Social Preferences

If both agents take each other’'s wage payments into account, their respective social
preferences simultaneously affect all four share rates, which results in overlapping
effects. Table 1 shows that a more developed sense of rivalry on the part of both

agents (RF) operates in the same direction for all four share rates.

Agent A Agent B

an Qg Ba Bs

0a, 0a, _ | 94 9ay | 9B, 9B, | 95 0Bs _

Foc ok, ' 0kg ok, kg ok, 0kg ok, dkg

K, 1 l 1 1 l

kg 1 l 1 1 l

Table 1: Impact on share rates caused by a change in weighting for each agent’s rivalry

This suggests that the agents’ direct incentive intensities a, and S, are reduced

when the social preferences of both are more developed. At the same time, each
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agent’s shares in the other agent’'s performance measure grow with an increase in
the weighting of rivalry, which is represented by k,t and kg t. Thus, the

advantages of team-based compensation as compared to relative performance
evaluation are further enhanced in a situation of two-sided rivalry. The impact of

varying the intensity of both agents’ altruism ( AA) on the four share rates is depicted

in Table 2.
Agent A Agent B
aA aB ﬂA ﬂB
0a, 9a, o | 0as day [ 0B 9By L | 9Bs 0B
coc am, am, am, am, am, am, am, ' am,
0a, da, _ | 04y 0ay _ | 0B, 0B, | 0B 0B
an, ang an, ang an, ang an, ang
r]A/mAT T ! ! 1
Ng /Mg 1 T l ! )

Table 2: Impact on share rates caused by a change in weighting for each agent’s altruism

It becomes apparent that both agents’ “coefficients of effective sympathy”, which are
used as a measure of the strength of the altruism each agent exhibits, also operate in
the same direction for all four share rates. Accordingly, the stronger each agent’s
altruism becomes, the more that agent’s own performance measure counts in his or
her own wage compensation system. This is because with increasing altruism, an
agent attaches greater weight to the other agent's remuneration than to his or her
own personal reward in relative terms. By contrast, each agent’s share in the other’s
performance measure is increasingly reduced as his or her “coefficient of effective
sympathy” adopts higher values. Finally, the impact of varying heterogeneous social
preferences, i.e., altruism for agent A and rivalry for agent B (AR), is shown in

Table 3.
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Agent A Agent B
aA aB ﬂA ﬂB
0a, 9a, o | 04y 0y | 0B 0B, | 0Bs 0B
FOC om, " ok, om, ' ok, om, dk, am,  ak,
%>0 %<0 76'BA<O a'BB>0
on, on, on, on,
nA/mAT 1 ! ! 1
Kg 1 l 1 1 !

Table 3: Impact on share rates caused by a change in weighting with regard to the agents’

heterogeneous social preferences

In this case, both agents’ social preferences influence the values of all four share
rates in opposite directions. Regardless of this, the altruistic agent A obtains a
contract based on a relative performance evaluation. For the competitive agent B,
however, again, it is necessary to trade off relative performance evaluation against
team-based compensation. As in the cases of one- and two-sided rivalry discussed

previously (RE and RF), here too g, is positive (and consequently team-based

compensation should be used) if the correlation coefficient falls below a threshold

value p'(n’*,kBj. Conversely, for p> p’ (n’*,kBj, relative performance evaluation
mA mA

becomes optimal. The threshold value p'[n“,kBj increases with the strength of
mA

agent B’s rivalry and for decreasing values of the “coefficient of effective sympathy”

Na exhibited by agent A. Compared to the situation described in section 4.1, here
rT]A

the relation p’ [n—A,kBj < pD(kB) holds true, meaning that for the competitive agent
m

A
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B, the benefits of relative performance evaluation increase in the case of

heterogeneous social preferences, as compared to a situation of one-sided rivalry.

5. The Influence of Social Preferences on the Profita  bility
of the Firm

This section examines the maximum attainable firm profits for all possible
combinations of the different types of (social) preferences considered in our model.
Our aimis to shed light on two interrelated issues. First, we will identify the conditions
under which the principal can make use of the agents’ social preferences in each
situation. Then, building on the results, we will turn to the central concern of our
paper and broach the issue of the optimal combination of different types of (social)
preferences for which firm profits are maximized. In this analysis, we assume that the
principal optimally designs the wage compensation system according to the
principles outlined above. Therefore, the maximum value of his or her objective
function is calculated by assigning to the share rates in equation (16) their optimal

values given in equations (17) to (22). This yields:**

US(k, k)= 1 E(1+ Ky )(1+Kg) =Kol 1Kglg . 1 .\
2c, 1+kg +kgl, 1+r1,02(1- p?)c,
1 E(1+kA)(1+kB)—kAlAkB|B . 1
2c, 1+k, +K,l, 1+r,02(1-p?)cy

(30)

For the sake of clarity, we first consider the case of one-sided social preferences RE
and AE in sections 5.1 and 5.2. We then go on to examine the optimal combinations
in the case of two-sided homogeneous and heterogeneous social preferences in

sections 5.3 (RF as well as AA) and 5.4 (AR).

5.1. The Profitability of One-Sided Rivalry

In the case of one-sided rivalry (RE: k, >0;k; =0) the optimal value of the objective

function (30) reduces to:
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1 1
Sk, )= k,)3
UP( A) 2C, [ﬂl-'- A) 1+ rAaf\(l_pz)cA '

1 0 1+K, 1
2c, 1+k, +ky, 1+r,02(l-p?)c,

(31)

The first term in (30) and (31) expresses the principal’s utility for agent A; the second
term, the utility for agent B. Thus, agent A’s rivalry influences the principal’s

economic prosperity in two ways. The first term is raised by the factor (1+k,)>1,

since agent A, because of his or her rivalry, is intrinsically motivated to distinguish
himself or herself from agent B in terms of wage payments, which leads agent A to
make a greater effort. For that reason, we call this effect, which is represented by the

factor (1+k,), the intrinsic motivation effect. This has desirable consequences on the

trade-off between efficient incentives and efficient risk-sharing from the firm’s point of

view. However, the second term is reduced by the multiplier L<1. As is
1+k, +K,l,

shown in section 4.1, the principal needs to reduce agent B’s participation in his or

her own performance measure S, in order to react optimally to agent A’s rivalry. The

resulting lower incentive intensity for agent B causes that agent’s extrinsic motivation
to decrease and therefore his or her effort to fall below the level identified in the
reference case of purely selfish behavior. The principal’'s welfare is therefore
negatively affected by this so-called extrinsic motivation effect, which becomes more

pronounced as the strength of rivalry k, and the aspiration level |, take higher

values.

The total impact of agent A’s rivalry is determined by the question of which of
the two effects described above dominates. However, to answer this question we
have to consider not only the relative impact of the factors influenced by social
preferences, but also the contributions that both agents would make in a situation of

completely selfish behavior. Therefore, we differentiate between two cases in the
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following analysis: in the first case, we assume that the agents are identical except
for their basic types of (social) preferences. Figure 5 illustrates the optimal value of
the principal’s objective function, subject to the strength of agent A’s rivalry as well as
the strength of the stochastic dependence.®

Insert Figure 5 here

Figure 5 : Impact of one-sided rivalry on firm profits when both agents are identical apart from their
types of (social) preferences

It becomes clear, then, that the principal benefits from agent A’s rivalry when the two
agents are, apart from their social preferences, very similar in terms of their effort
costs as well as their attitudes and exposure to risk.** However, as indicated by
Figure 6, which represents the second case,® this need not be true if the self-
centered agent B is significantly more important to the principal in a situation of
purely selfish behavior (EE). This could occur if, for example, agent A is much more

risk averse (r, >>r,), has a more volatile performance measure (o >> o), or suffers
higher costs from comparable efforts (c,>>c,) than agent B. The correlation o has

no impact on the principal’s opportunity to profit from agent A’s rivalry (everything
else being equal), since it influences equally the utility that can be extracted from
both agents. All other parameters, exhibit threshold values which signify changes in

the principal’s opportunity of benefiting from agent A’s rivalry.*®

The intuition for these formally derived results is as follows; If competitive
agent A contributes to firm profits as much as or more than selfish agent B, then
agent A’'s ambition amplifies his or her effectiveness and so the corresponding
reduction in incentive intensity for B is of comparably minor importance.

Insert Figure 6 here

Figure 6: Impact of one-sided rivalry on firm profits when greater importance is attached to selfish

agent B than to competitive agent A
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By contrast, if agent B is of greater importance to the superordinate’s goal, A’'s am-
bition can prove detrimental to firm profit as, in that case, the principal is expected to
privilege agent A over B in terms of shares in performance measure x,, which would
decrease the effort that the more capable agent B makes. Therefore, competitive
behavior on the part of agents who make only small contributions to firm profits can
have a negative effect, as this behavior requires the principal to pay those agents
greater attention and discriminate against other high performers. The previous

analysis leads to the following proposition:

Proposition 1 (Firm Profitability in the Case of On e-Sided Rivalry): The principal
profits from an agent’s rivalry if he or she chooses variable wage compensation
components according to equations (17)—(22) (choice being an endogenous

parameter) and if the exogenous conditions

a) that the selfish agent’s contribution to his or her utility does not exceed by far

the contribution of the competitive agent and
b) that the competitive agent’s strength of rivalry does not fall below a critical value

are fuffilled. In this case, the principal profits more from stronger rivalry.*® One-sided
rivalry necessarily proves detrimental to the principal if both exogenous conditions

are simultaneously not fulfilled.

Finally, Figure 5 also illustrates that the interrelationship between firm profits and the
strength of agent A’s rivalry is asymptotically linear, beginning with small values of
k,. As a consequence, its marginal impact is approximately constant. Furthermore,
the slope of all curves UE(kA) grows with increasing values for the correlation
coefficient o, meaning that the principal profits more from agent A’s rivalry when the

stochastic dependence is stronger. This is caused by higher-order effects, which
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arise from the multiplicative composition of both profit-enhancing effects (risk

reduction through higher p and benefits caused by A’s rivalry) in the principal’'s

objective function. From an economic point of view, this result can be traced back to

the complementarity of the functions described in section 4.

5.2. The Profitability of One-Sided Altruism

In general, altruism is usually perceived as a positive trait, since it involves concern
for the prosperity of other people without resentment for their success. Accordingly,
the altruistic agent enhances his or her efforts if the other agent’s share in his or her
own performance measure becomes larger, as can be seen from that agent’s
reaction functions in equation (15). The altruistic agent is therefore willing to bear
additional effort costs if the other agent’s expected remuneration rises. Bearing that
in mind, this section examines whether the principal can always profit from an agent’s
altruistic behavior or if there is a trade-off similar to that observed in the analysis of
rivalry described above. In the case of altruism, the optimal value of the principal’s

objective function, which is identical to firm profits, becomes:

Us(me nem ng)= o ciame —le g by

A Mg — Ng 1+rAJi(1_102)CA

1 d’nAmB —n,ng 0 1 .
2c,  my-n, 1+ro2(1-p?)c,

(32)

For one-sided altruism on the part of agent A (AE: m; =1,n, =0), this expression

reduces to:
1 1
Uu.lm, n,)=—10n, 3 +
P( A A) 2, A 1+rAJ§(l_p2)CA
1 m 1 (33)
— 3—2 0

2, m,-n, 1+r,0%(1-p%)c,”
Again, two distinct effects that affect the principal’s profit must be noted: the

additional weighting factor 0<m, <1 in agent A’s contribution describes the intrinsic
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motivation effect, which, in the case of altruism, leads to a reduction of the principal’s
profits. This effect occurs only if agent A, as a result of altruism, attaches less
importance to his or her own wage payments than he or she would if self-interest

dictated his or her behavior. Increasing a, then adds fewer incentives for agent A to

exhibit greater effort than in the situation of completely selfish behavior. This makes it
increasingly difficult for the principal to motivate altruistic agent A by means of
variable wage components. Consequently, the less agent A cares about his or her
own remuneration, the more that agent’s contribution to firm profits decreases.
However, it remains unaltered if the weight that agent A, despite his or her altruism,

attaches to his or her own monetary compensation stays constant.

The weighting factor M 51 in agent B’s contribution to firm profits

m, =N,

determines the strength of the extrinsic motivation effect. As stated in section 4.2 the
principal makes use of agent A’s altruism to enhance agent B’s effort by raising the
latter’s incentive intensity [;. As a result, the more similar the values that agent A
attaches to his or her own wage payments and those of agent B, the greater the

increase in firm profits. Taking n, - m,, one obtains

1 1
lim U.lm, ,n,)= Ilim m, & +
1y My -(m, ) mem 2c,  1+r1,0%(1- p*)c,
(34)
1om - 1 o,

26, m,—n, 1+r,0%(1- p*)c,
which indicates that in the extreme case when the altruistic agent attaches nearly the
same value to both agents’ profits in his or her own utility function, this could lead to
a theoretically unlimited increase in firm profits.

We continue with a two-step analysis of the total effect that one-sided altruism

has on firm profits: first, we observe that in situations when agent A, despite his or
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her altruism, attaches constant weight to his or her own wage payments (m, =1), itis

clear that there are no effects operating in opposite directions and the principal can
hence always benefit from that agent’s social preference. Thus, the principal’s gains
increase in proportion to the value that the altruistic agent attaches to the other
agent’s prosperity with regards to his or her own remuneration. Second, we see that
negative consequences on the achievement of objectives are likely to occur only
when altruistic agent A contributes much more to firm profits than selfish agent B. A
precondition for this, however, is that agent A attaches much less weight to his or her
own wage payments than he or she would in the case of completely selfish behavior

(m, <<1), and, at the same time, that the relative importance of both agents’
compensation does not become too similar (n, <<m,). On the basis of the above, we

can reach the following proposition:

Proposition 2 (Firm Profitability in the Case of On e-Sided Altruism): In all cases
the principal’s profits grow if the altruistic agent attaches greater weight to the other
(selfish) agent’s wage payments. A negative impact on the principal’s profits can only

occur in the rare cases where the altruistic agent
a) contributes more than the selfish one,

b) simultaneously attaches much less weight to his or her own wage payments

than he or she would in cases of pure self-interest and

c) at the same time does not attach the same, or almost the same weight to the

remuneration of both agents in his or her utility function.

The current model specifications do not allow us to make general statements
about whether, from a firm perspective, it is easier to benefit from an agent’s rivalry

rather than altruism.
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53. The Influence of Two-Sided Homogeneous (Social)
Preferences on Firm Profits

In cases of one-sided social preferences it was shown that the principal can usually
benefit from an agent’s social behavior. The next two sections extend that analysis
by assuming that both agents exhibit social preferences. First, we examine
homogeneous social preferences RF or AA, then we turn to the case of
heterogeneous social preferences AR. We proceed by breaking down the weighting
factors in the principal’s optimal goal value that are determined by social preferences
(see equations [30] and [32]) in order to examine separately each of their
components. We conclude by an analysis of the total effect.

First, consider agent A’'s weighting factor in the case of two-sided rivalry

(1+ kA)(l+ kB)_kAIAkBIB in equation (30). Its first term W
l+kB +kBIB 1+kB+kBIB

can be subdivided

into intrinsic and extrinsic motivation effects that operate in opposite directions. As is

clear from the analysis in section 4.1, the extrinsic motivation effect 1tk

1+kg +kglg
stems from the reallocation of variable wage compensation components between the
two agents by the principal because of agent B’s rivalry. As a consequence, agent B

is favored over agent A. The resulting weakened incentive intensity a, for agent A

leads that agent to reduce his or her effort. However, at the same time, agent A’s
own ambition to achieve a result that is superior to B’s, which is formally represented

by the factor (1+k,), in turn promotes his or her effort. Therefore, in the case of two-

sided social preferences, the extrinsic and the intrinsic motivation effect have a

_kAIAkBIB

mutual impact on each other with regard to firm profits. The second term
1+kg +kglg

L. Together they form
1+k, +k,l

B B'B

consists of the mathematical components -k, , and
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an additional constituent of the intrinsic motivation effect, which exists only in the

situation of two-sided social preferences. The principal’s reallocation of variable wage

compensation components as a response to agent B’s rivalry leads share rate g, to

kelo 1

increase b
Y 14 ks +kolg 1+1,02(1- p%)c,

. Thus, agent B is favored over agent A. In

its turn, A’s own rivalry prompts him or her to differentiate himself or herself as much
as possible from agent B in terms of wage compensation. The preferential treatment

of agent B consequently lowers agent A’s intrinsic motivation, as can be seen from

-kl . . . .
the subtrahend AA B, in agent A’s reaction function (see equation [14]). As a
CA

result, agent A reduces his or her efforts. This reduction increases not only in both

agents’ strength of rivalry k, and kg, but also in both agents’ aspiration levels |, and
lg, since higher values of |, lead to a further increase in g,, to which agent A
attaches more significance for higher values of 1.

Before examining the total effect, we shall analyze agent A’s weighting factor

m,m; —n,Ng

in the situation of two-sided altruism in equation (32) . Here, the
m; —Ng
. m,m, ) ) o o L
minuend —2-2- again consists of an intrinsic as well as an extrinsic motivation
m; —Ng

effect. In this case, however, agent B’s altruism leads to an increase in agent A’s

incentive intensity a,, which is reflected in the factor s ~1. A's own altruism,
Mg —Ng

however, leads to reduced intrinsic motivation as that agent attaches less importance

to his or her own wage compensation (m, <1). The subtrahend LUAL:B comprises
Mg —Ng

the two components n, and - "s  Because of agent B’s altruism, that agent’s
Mg —Ng
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Ng 1

share rate is reduced by —
IBA y m; —Ng 1+rAai(1_p2)CA

, which causes the intrinsic mo-

tivation of agent A to decrease. This effect increases as the importance that agent A,

due to his own altruism, places on agent B's wage compensation increases (n, 1 ).

Insert Figure 7 left and Figure 7 right side-by-side here

Figure 7: Impact of two-sided rivalry and two-sided altruism on firm profits

The same factors used in the analysis above can be identified in agent B’s weighting

(1+kA)(1+ kB)_kAIAkBIB and m,Mg —N,N
-Nn

1+Kk, +K,l, m,

factors, B respectively. To examine the total

A
effect, in Figure 7 we depict firm profits as a function of the strength of both agents’
homogeneous social preferences in cases of rivalry and in cases of altruism.*® Figure
7 illustrates that equally developed homogeneous social preferences cannot be
beneficial from a firm perspective. In either case, firm profits are maximized when
only one agent has a predisposition, preferably strong, for either rivalry or altruism.
The intuitive explanation for this result is that the principal can only make use of the
agents’ social preferences if he or she reacts adequately to their social behavior by
reallocating variable wage compensation components between the two agents.
However, the measures that a principal is required to take in response to each
agent’s social preferences are interdependent. For example, agent A’s rivalry means
that the principal increases that agent’s share a, in agent B’s performance measure
xg at the expense of a reduced incentive intensity S, for B. The stronger the social
preferences of agent A, the more intense the principal’s response. In this situation, if
B behaves competitively as well, the principal's response to agent A’s rivalry
simultaneously has negative effects not only on agent B’s extrinsic but also on his

intrinsic motivation. This implies that the principal cannot achieve an advantageous
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trade-off by means of an adequately designed wage compensation system in a case
where both agents simultaneously behave competitively. Every reallocation of the
variable wage compensation components leads to an improvement on one side but,
at the same time, has a negative effect on the other.

The same argument holds true for a situation with two-sided altruism. In this
case, the principal can only profit from each agent’s altruism if he or she increases
the other agent’s incentive intensity while simultaneously reducing the altruist’s share
in the same performance measure. This reduction, however, decreases the other
agent’s intrinsic motivation if he or she also behaves altruistically. Therefore, the
positive effects of the heightened incentive intensity are partly wasted. Again, the
reallocation of the variable wage compensation components that has been caused by
one agent’s altruism has negative effects on the other agent if he or she exhibits the
same degree of altruism, since neither agent wants to be privileged over the other. In
both cases, the principal’'s actions in response to each of the agents’ social
preferences contradict one another, which means that the principal cannot benefit
from the behavior that results from those actions if the social preferences of both

agents are of equal strength.*! This analysis leads to the following proposition:

Proposition 3 (Firm Profitability in the Case of Tw  0-Sided Homogeneous Social

Preferences): If agents are endowed with the same characteristics, firm profits are
the same independently of the agents’ types of preferences. From a firm’s point of
view, in such cases there is no advantage of social over selfish preferences. On the
contrary, compared to the case of pure self-interest, here firm profits are higher if
only one of the two agents exhibits a particular social preference (either altruism or
rivalry), preferably to a high degree, while the other behaves in a purely selfish

manner.
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However, higher aspiration levels |, and |, always lead to reduced effort on

the part of both agents and therefore have a negative impact on firm profitability. This
suggests that when agents have high expectations of their personal performances,
this can actually have a negative effect on their output, because it may undermine
employee satisfaction. Therefore, from a firm's point of view, agents with low
aspiration levels are generally more productive and hence more beneficial for the
firm. If the principal could choose which agent should exhibit social preferences,
ideally it would be the agent who also exhibits smaller marginal costs, smaller risk
aversion and a less variable performance measure. This agent would make a larger
contribution to firm profits, even in the case of purely selfish behavior, and this effect
would be further amplified by the principal’'s reallocation of variable wage

compensation components as a response to the agents’ social preferences.

54. The Profitability of Two-Sided Heterogeneous Socia |
Preferences for the Firm

In the previous analysis, firm profits reached their maximum level when only one
agent had a predisposition, preferably a strong one, for either rivalry or altruism, and
the homogeneous social preference of the other agent was zero, meaning that the
second agent was completely selfish. Here we examine whether firm profitability can
be further enhanced if the two agents exhibit heterogeneous social preferences. The

principal’s optimal objective function value takes the form:

1 (1+kg )+ n,kgl 1
UED , ,k - dﬁnA B A™B'B D
JWEIED 2c,  l+kg+kgl,  1+r,0%(1-p?)c, * 35)
1 dnA(1+kB)+nAkBIB D 1
2c, m, -n, 1+r,02(1- p?)ey

We begin by breaking down the various effects contained in the weighting factors

mA(1+ kB)-i-nAkBI mA(1+ kB)+ nAkBI

1+k, +Kglg

B (agent A) and B (agent B) then go on to consider

A~ Ua
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their combined impact on firm profits. The weighting factor in the contribution of the

. . , +
altruistic agent A in (35) has two components. The first term M can be
1+Kkg +Kglg

1+Kkg

broken down into two subcomponents, m, and ———=—
1+Kkg +Kglg

. As a result of agent B’s

rivalry, the principal shifts variable wage compensation away from A and toward B.

Thus, A’s incentive intensity a, is reduced by the factor i<1. This
1+k; +Kglg

negative extrinsic motivation effect, which lowers the effort of agent A, is reinforced
by A’s altruism if that agent attaches less weight to his or her own monetary
incentives (m, <1). Overall, the first component of agent A’s weighting factor has a

negative impact on firm profits.

The second term ﬂ reflects an intrinsic motivation effect. Because
1+Kkg +Kglg

of agent B’s rivalry, 3,, which denotes how closely agent B’s payments are linked to
agent A's performance measure x,, takes higher values than in the case of pure
self-interest. This results in higher intrinsic motivation for the altruistic agent A. In
other words, due to the increase in §,, agent A’s actions not only affect his or her
own wage payments positively, but also increase those of agent B, to whom agent A
attributes the improvement of his or her own financial situation as compared to the
case of pure self-interest. Therefore, the more agent A takes agent B’s wage
payments into consideration (n, t ), the more willing he or she is to bear higher costs
and make a greater effort. Thus, the second term affects firm profits positively.

The weighting factor in the contribution of the competitive agent B in (35)

M, (1+ks)
m, =N,

also has two components. The first part is made of two subcomponents.

The factor (1+ kB) depicts an intrinsic motivation effect for agent B. Spurred by rivalry,
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agent B wants to be as far ahead of agent A as possible. The principal exploits this

. . . . m
ambitious behavior. Simultaneously, A, is increased by the factor A >1
m,-n,

A

because of agent A’s altruism, which leads the principal to increase the direct

incentive intensity for agent B. This further enhances agent B’s (extrinsic) motivation.

The second part Nakela describes the intrinsic motivation effect for agent B.
m, =Ny

Agent A’s altruism ties his or her wage payments negatively to agent B’s
performance measure x, (a, <0). Therefore, A's rewards decrease as agent B

enhances his or her efforts. This means that in such a situation competitive agent B

draws additional utility from his or her own efforts, as can be seen from the

BIB

mathematical expression — a, in agent B’s reaction function (see equation [14]).

B
As a consequence, both agent B’s willingness to perform well and the firm’s profits
increase.

To examine the total effect, we consider the dependence of firm profits on the

strength of altruism n, as well as the strength of rivalry k, (Figure 8).*” For the sake

of simplicity, it is again assumed that the weighting factors in agent A’s utility

function, n, and m,, sum up to 1.0. Figure 8 shows that firm profits are maximized

when agent A behaves as altruistically as possible while agent B simultaneously

exhibits a well-developed sense of rivalry.

Insert Figure 8 here

Figure 8: The dependence of firm profits on agent A’s strength of altruism n, and agent B’s strength
of rivalry K,
This is because agent B’s rivalry encourages the reduction of agent A’s

variable wage payments while at the same time enhancing agent B’s own

compensation. The altruistic agent A partly internalizes this external effect by drawing
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satisfaction from the fact that agent B receives higher remuneration. Thus, the
principal’s measure to privilege B in order to make use of his or her rivalry
simultaneously enhances the utility of altruistic agent A, who attributes to B the
improvement of his or her own situation. At the same time, as a result of agent A’s
altruism, the principal reallocates variable wage compensation components between
the decentralized divisions in favor of B and at the expense of A. This action is in
agent B’s interest whose rivalry prompts him or her to distinguish him- or herself as
much as possible from agent A in terms of wage compensation. Therefore, the prin-
cipal’'s countermeasures, which aim at balancing the two agents’ social preferences,
are complementary. The relation between the weighting factors is described by

mA(l+kB)+nAkBIB < mA(l+ kB)-'-nAkBIB
1+k; +kglg m, — N,

: (36)

meaning that firm profits are in relative terms more enhanced by the agent who
behaves competitively. It follows that from a firm perspective, it is advantageous if the
altruistic agent is the one who, in the case of completely selfish behavior, would
make a smaller contribution to firm profits. Proposition 4 summarizes the previous
discussion:

Proposition 4 (Firm Profitability in the Case of Tw  o0-Sided Heterogeneous
Social Preferences): For the principal, the optimal combination of types in his or her
team is that where the agents are as diverse as possible in terms of social
preferences. If additional asymmetries between the agents exist, it is most desirable
that the agent who behaves altruistically exhibits higher risk aversion, higher

marginal effort costs and a more volatile performance measure.

This proposition, like the previous ones, relies on the assumptions that
separate performance measures for each of the two agents are available and that the

principal can observe their (social) preferences.
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6. Implications and Further Research

The question of whether new insights gained in experimental decision theory and
neuroscience can have an impact on economic theories is an important issue of
modern research. In this paper, we analyzed the influence of various social
preferences on the incentive system in a decentralized organization, taking into
account that in reality not all people behave completely selfishly. Unlike other
research in the field, in this paper we also took altruism into account. Thus, this study
considers three widespread types of preferences (rivalry, pure self-interest and
altruism) and the differences between them. Furthermore, it provides evidence for the
importance of internal and external conditions in providing incentives and shaping
agent behavior and ultimately firm profits. In particular, we have shown how
environmental stochastic dependences, which may be caused by market cycles or
other external conditions, influence the principal’s provision of incentives. These are
crucial to the outcome of our analysis of the impact of social preferences on the
profitability of the firm. Our study makes clear that the impact of social preferences
interacts with stochastic dependences. As a result, the principal’s share parameters
fulfill overlapping functions, which may affect the optimality of different types of
remuneration. For the sake of simplicity, the influence of internal dependences, in the
shape of technological dependences, has been excluded from this paper. In order to
optimize the wage compensation system, the principal must react to the agents’
preferences by shifting the shares in performance measures that each of the two
agents receives and thus reallocating their variable wage compensation components.
Our analysis shows that when such a reallocation takes place the different functions
that the parameters of the incentive system have must be balanced.

A central result of our paper is the insight that a firm may increase its profit by

adjusting compensation. Both altruism and rivalry entail intrinsic motivation, which
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can be exploited by the principal, although the altruism of agents is not inherently
advantageous. This seems surprising at first glance; however, what makes possible
an increase in profits lies in the differences between the preferences of various
agents and in the strength of those preferences. A principal, and therefore a firm, can
make use of these differences in cases of rivalry as well as of altruism. In the case of
rivalry, this is related to the motivating effects of competition, which can be seen in
several areas of social interaction, including economics and sports. In the case of
altruism, the firm does not need to pay all agents equally in order to motivate them,
as it would in a situation where all agents exhibited pure self-interest. Therefore,
incentives can be partly shifted toward the selfish or competitive agent who in
consequence invests higher effort. This important result indicates that firms, being
hierarchically structured organizations, have a chance to exploit intrinsic motivation
by combining agents with different social preferences and optimizing the wage
compensation system.

The insight that differences in preferences can be profitable and hence can be
“managed” by a firm is not only relevant to the issue of wage compensation, but also
indicates that ethical aspects should be considered in problems of economics as well
as business administration.** These results are important in determining
organizational structure, the distribution of tasks and decision authority within a firm,
the selection of the right personnel to fill management positions as well as of the
members of business teams including the company’s board. In sum, we could say
that since preferences determine human behavior to a high degree, different types of
preferences may affect many aspects of a firm.

A significant, and perhaps unexpected, result of our analysis is that a group of
people who share equally competitive or altruistic preferences is usually not more

efficient than a team composed of members with only selfish preferences and less
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efficient than a team composed of members with different preferences. In our model,
a firm maximizes its profit when the agents it employs exhibit the greatest possible
difference in their (social) preferences. This result raises two questions. First, should
firms combine persons with extremely different social preferences in their (project)
teams and employ them as managers of decentralized divisions? Second, to what
degree can such a policy be realized? Answers to these questions should take the
prerequisites of our theoretical model into account, namely (a) that as many
performance measures as agents are available and (b) that the principal can observe
to some extent his or her agents’ (social) preferences. Another point is that our main
result conflicts with the intuitive notion, which is supported by some empirical
research,” that teams with identical preferences seem to be most successful in
specific areas or situations.

All of the aspects discussed above indicate that further research is needed to
analyze the relevance and practicability of the assumptions examined here. For
example, it seems important that we use a theoretical model without imposing limited
liability constraints which is used in conjunction with the assumption that a firm can
use very different compensation parameters for each of the two types of agents. The
last point contradicts principles of equal treatment in compensation, which calls for
empirical research on e.g. the distribution of (social) preferences in companies, their
determinants and their stability. The degree to which moral ideas and principles of
equality, justice, etc., influence behavior in firms and therefore limit the design of
wage compensation systems should also be examined. Additionally, our results need
to be scrutinized through empirical investigation to identify in which areas and to what
degree firms can use differences in personal preferences to increase their profits.

To conclude we could say that, in reality, people may be driven by a mixture of

competitive, selfish and altruistic motives. Assuming that selfish preferences always
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prevail is certainly a simplification of real-life behavior. Nevertheless, if we define self-
interest as the mean between envy and altruism, which represent extreme types of
behavior, this assumption may on average yield satisfactory results. At the same
time, this assumption may not be correct in all cases. Behavioral science research
has been increasingly revealing differences in people’s choices and providing
insights into the circumstances under which different preferences are reflected in
personal behavior. Such insights should also increasingly be taken into consideration
in future theoretical and empirical research in the fields of economics and business

administration.



Appendix

A. Derivation of the optimal values for the share rate s in a situation
which includes rivalry and moral hazard

Solving the participation constraints for a,, £, and plugging the resulting values

together with the expressions for a, b (equation [14]) in the principal’s utility function

(4) yields his optimization problem:

1 1 1 1
3 ) Gl g A )

(1+k ) (1+k +kBIB) Giaz_l k§|§(1+kA+kAIA) 1 a?
2 {14k, )(L+ky) =K kaly € ° 2 1+k)(1+k)—k| Kelg Cs °

E kAIA(:I'-i-kB-}-kBIB) Bi 1+k ) (1+k +kAIA) B£ﬂ2+
2 (1+k,)(1+k, )kl kely Cu Bi~ 2 1+k J(L+kg) - Kol kglg Cg ' ° (A1)

kAIA(1+kA)(1+kB+kBIB) 1 a,B. +
(1+kA)(1+kB)_kAIAkBIB Ca

1+k; +Kglg .
R _
(1+ kA)(1+ kB)_ kAIAkBIB ISkA

kBlB(1+kB)(1+kA+kA|A) 1
aBﬂB_

(1+kA)(1+kB)_kAIAkBIB Cs

1+Kk, +K,l,
(1+kA)(1+kB)_kAIAkBIB

[Risk; ,

where
Risk, = [ﬁ[aA D=k Ba 202 +a, (1K, )~k 1 B o2 + "2
2[[]aA( A) kAlABA][ttrB(1+kA)_kA|AﬁB]a-Aa-Bp}
o _ s » _ s
Risk, ‘E[{[EA(:H' kB) kBquA] Oa +[ﬁs(1+ kB) kBlBaB] Og (A.3)

ZEﬁﬂA(l*' kB)_kBIBaA][EﬁB(1+ kB)_kBlBaB]JAJBp}'
Partial differentiation with respect to the four share rates a,, B,, ag, Bz provides

the first-order conditions, which, after some rearranging, can be written as:

Condition 1: U
oa,

=0
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o [1+k,) [A+k)@+kg) -k, Kelg -
(14K (L K +kglg) (14,0002 + ksls(1+kA+kAlA)chAa,i] a,-
(14K, )7 (14 Ky +Kola )raCaT4T50 + K22 (LK, +Kyl ) 1aCa0 0T 0] s +
[kl (14 K, ) (@4 kg +alg) (L rac,02) +
Kelp (1+Ka) (L+ K, + Kol )raCa02] By +
[kl (14 ) (L kg + Kyl g )raCaTATo 0 +
Kalo (L+ Ko )1+ Ky + K, )1oCa000] B, =0

(A.4)

P :0
oa,

o —Kglg [(1+Kk,) (14 kg ) —Kul Kolg ]~
[0+ K P+ Ko+ Kola) 1aCoTaT0 0+ K2 (14K + Kl )roCo0 400 0] 7, -
k212 (14K, + K, )(1+r Co02) + (1+k, (14K +Koly) 1,Co02| g+
AaL+K,) (L+kg +Kglg) raceoaoap +
lg (1+ks) (LK, +Kyl,) 15Co0,050] Ba+
[kBIB 1+ kg )L+ Ky + Kl )L+ 1oCo02) +
A a(14K,) (14 kg + kel )raco02] By =0

Condition 2:

(A.5)

P:0

A
o =k [k )L+ Ky ) =Kl kgl ]+
[kl (14K, ) (14 kg +kelg) (1+7,0,02)+
kels (14 ko) (L+ Ky + K1, )roc,02] @, +
[kl (LK) (14 kg + gl )1aCa 04000 +
Kalo (14 Ka) (14 Ky + Kyl 1) FoCaT AT 0] @ -
k212 (L4 Ky + kgl S 1a0a02) + (LK (14K, +Kol ) ToCa 02 B, -
K212 (LK + Kl ) 1aCa 04000 + (LK, )P (14K, +K,1,) 15CaT4T50] By =0

Condition 3: oJ

(A.6)

P:0

B
o (14K )[(1+k,)([@+kg) -kl kgl ]+

[l a(14 K, ) (14 kg + Kol )T a Co0 a0 0+

Kolg(1+kg) (L+K, +Kul,)raCoa0,050] @, +

[kols (14 kg ) (14K, +K,1,) (1+7,0,02) + (A7)

Kol (1+k,) 1+ kg +Kylo)ra Co02] @, —

K212 (1+kg +Kglg) raCaoa0s0 + (L+kg ) (1+k, + kAIA)chBJAaBp] B -
(14K ) (14 Ky + ol )(p2 +15Ce02) + K212 (14 Ky +Kelg) 10 Co02 ] B =

Condition 4:

Having rearranged and simplified the first-order conditions to some extent, solved
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equation (A.4) for a, and plugged the resulting expression into equation (A.6) we

get:
— [(1+kA)(1+kB)_ kAIAkBIB 1+kB
AT k) [+ kg +Kgly) Kalg FaCon Bat A8)
kAIA [(1+kA)(1+kB)_ kAIAkBIB .
T+ K E(1+r c JA)E}G’ (1+kA)kBIB b,Ca0, 0,0 B .

Solving equation (A.5) for a, and plugging the resulting expression into equation

(A.7) yields:

_ [( +kA)(1+ kB)_ kAIAkBIB Og 1 kB
O L Tk, + kL) 7. K TeCeds Fat 9
Kl N L0+ Ky) @+ Kg) = Kol bkl o, '
1+kAE(1+rBCBUB)EBA ksls(l"'k ) [(1+rcas) O_AIOIBB-

After rearranging and simplification, solving equation (A.4) for a, and plugging the

resulting expression into equation (A.6) leads to:

- [(1+kA) (1+k3)_ kAIAkBIB] A 4

(L+ka) L4k +kels)  0up
(k) (14 Ke) = Kokl

1+r,c,0 [—l— + A.10
) e real)a e g, (A10)
1+k K,

| 2 [ﬁ1+rACAJi)EBB - 1 AkA DACAJA EBB

B'B

Solving equation (A.5) for a, and plugging the resulting expression into equation

(A.7) yields in its turn:

_ [(1+kA)(1+kB)_kAIAkBIB + [(1+kA)(1+kB)_kAIAkBIB

= 0
i Kela (14K +kala) kela (L+Kk,) (A11)
rBCBaAUB’O,B +1+ Kg D(pé +rBCBaé),B _Kal, 'sC sO 2 3
A B B "
K Kglg Pa 1+k,  p;

Equating the expressions for a, in (A.8) and (A.9) leads to the mathematical
relation:
1+k, 0% _ Kol g
1+k, +k,l, o0 1+k; +kglg

2 2
- (rBCBJB - rACAJA)ﬁA -

(A.12)
(1+ chBaé) D;—Eio - 1,C,0,0:P | Bs =0.

A

Accordingly, equating the expressions for a, in (A.10) and (A.11) yields:
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1+kA kBIB JA 2 2
- + O + \;C,0; — I,C,O +
1+k, +k,l, 1+kg+kgl, 00 (B BUEATA A)’BB

(A.13)
rcaap—(1+rcaz)l—A B, =0
B~¥B~ A~ B A¥YA™ A . A -

Solving (A.12) for B, and plugging the resulting expression into (A.13) delivers, after

some further rearranging and simplification, the optimal value of share rate S;:

1+Kk, 1
= D 2 2 -
1+k, +kyl, 1+1,02(1-p%)c,

Kl 1
1+kg +kgly 1+ r1,0%(1- p?)c,

Bs
(A.14)

ap,
JB
Plugging this expression into (A.12) leads to the optimal value of share rate g,:

Kl 1
B = =2 [ ; S
1+kg +kgly  1+1,0%(1- p?)c,

+
1+k, 0 21 : Dﬂp.
1+k, +Kul, 1+rgop (1—,0 )cB Ox

(A.15)

Substituting the expressions (A.14) and (A.15) for B, and g, in the mathematical

relations (A.8) and (A.11) delivers the optimal values for the share rates a, and a;:

1+Kk, 1
a,= O -
1+kg +Kglg 141,04 (1—,0 )cA (A16)
Kyl . 1 O, '
B — O2p
1+k, +k, |, 1+r,07 (1—,0 )cB o,
K,
ag= A A 3 5 1 5 —
1+k, +kol,  1+r,02 (1-p?)cy A1)
1+kg 1 Dﬂp.

1+ky +koly 1+1,02(1-p%)c, o

B. Calculation of the principal’s optimal goal functio n value in a situation
of rivalry

We calculate the maximum value of the objective function by plugging the optimal
values for the share rates (see equations [17]-[22]) into the principal’'s goal function

(A.1). The expressions in front of the risk terms yield:
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[(1+kA)(1+kB)_ kAIAkBIB] Dllj 1 _
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EA(]--H(A) (1+ kB) — Kal nKslg Di 1 i +
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1+K, +K,l, ce 1+r,02(1-p?)cy
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Agent A’s risk term can be simplified to:
2 2
1,02 D[(1+k ) (1+ky)= Kl ukols | )
2 1+k; +kglg 1+r,0%
s e é(1+k ) (1+Ks) = Kol akols | 2+
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Analogously, one obtains for agent B’s risk term:

—_ rBaé (1_p2)[![(1+k )(1+k k I kBIB] i (A 20)
2 1+k, +k,l, 1+r,02 (1- p?) ' '

Consolidating the partial expressions (A.18)—(A.20), after some rearranging yields:

oot fark) @) -kl ] :
e, 1+k, +Kelg otk
L i k) @ k)~ kel ] 1003 1 2,
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e TN Tt

After some further manipulations, one finally obtains the expression given in the main

text:
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° See e.g. the articles “Poor Man, Rich Man” as well as “The Rich, the Poor and the Growing Gap
Between Them” in the newspaper “The Economist* (2006, 2007).

1 See Andreoni (2007) for an overview of experimental evidence so far.

1 Fairness-based preferences, in contrast, would have to be modeled in quite a different way (see
Fehr and Schmidt 1999, 2003). We therefore excluded these types of social preferences from our
study.

12 See Itoh (2004); Mayer and Pfeiffer (2004); Englmaier and Wambach (2005); Mayer (2006); Dur and
Glazer (2008).

* See Itoh (2004); Bartling and von Siemens (2004, 2005, 2006); Demougin and Fluet (2006);
Demougin, Fluet and Helm (2006); Rey Biel (2007); Neilson and Stowe (2008).

4 See, for example, Itoh (2004); Bartling and von Siemens (2004, 2005, 2006); Demougin, Fluet and
Helm (2006); Rey Biel (2007).

> The findings of Bartling and von Siemens (2004); Grund and Sliwka (2005); Rob and Zemsky
(2002); but also Huck, Kubler and Weibull (2006) bear some relevance to our study.

'® see, for example, the model specifications used by Englmaier and Wambach (2005); Bartling and
von Siemens (2005), as well as Demougin and Fluet (2006).

" Itoh (2004) examines a discrete two-point model that can be solved for the principal’s decision
parameters which specify the dependence of the agents’ remuneration on observed outcomes.

'® See Itoh (2004).

19 For early applications of the LEN model see Spremann (1987), as well as Holmstrém and Milgrom
(1987). Assessments of its applicability based on the underlying linearity assumptions are given in
Ewert and Wagenhofer (1993) as well as in Hemmer (2004).

% For research in the case of purely selfish preferences, see Banker and Datar (1989); Feltham and
Xie (1994), as well as Datar, Kulp and Lambert (2001). For an overview, see Christensen and Feltham
(2005). Mayer and Pfeiffer (2004) analyze the impact of rivalry on the balancing of performance
measures in a context where the principal has to motivate only one agent, whose wage payments the
principal can make contingent on firm profits and one or more additional performance measures.

! See, for example, Itoh (2004), as well as Bartling and von Siemens (2006).

# Most of the studies concerned with horizontal social preferences assume, for example, risk-
neutrality. See Itoh (2004); Bartling and von Siemens (2004, 2005); Demougin and Fluet (2006); Rey
Biel (2007); Neilson and Stowe (2008). By contrast, we allow for varying degrees of risk aversion.
Furthermore, differences in the agents’ (marginal) effort costs are explicitly taken into account.

% For a formal analysis of the optimal contract design, taking into account social preferences and
technological as well as stochastic interdependences, see Sandner (2008b).

?* See Sandner (2008a), p. 81ff.

% This specification has also been employed by Andreoni and Miller (2002), who used it to explain

altruistic behavior for 20% of the participants in a dictator game.
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%® The exposition in (9) corresponds to the one in Bester and Giith (1998) and goes back to Edgeworth
(1881). In this case, the parameter values n, can only lie in the intervals n, 0[0;1].

#" For the relevant calculations, see the Appendix.

% The principal’s decision problem in the situation of purely selfish behavior under stochastic

dependences can be broken down into two problems; one for agent A and one for agent B. In a
situation with differing (social) preferences but uncorrelated error terms (p =0), it can again be broken

down, but this time into one problem for performance measure x, and another for x;. The

simultaneous consideration of psychological as well as stochastic dependences means that each
share rate fulfills several functions at a time. As a consequence, dividing the principal’s optimization

problem further is not possible.

# Since B, can only take negative values, agent A’s risk premium always increases when the
absolute value of 3, increases.

% The subscript for k, is suppressed in the figure.

% Concerning the exogenous parameters in expression (27) for share rate ag, values
Ca=Cy=r,=ry=02=02=1,1,=4 were chosen. All major insights gained from this can be
generalized to any other configuration of parameters.

% Note that Bs is strictly positive. It is the only factor that enlarges agent B’s wage payments and that
thus becomes negatively reflected in agent A’s social preference.

% See agent A’s reaction function in equation (15).

% See the Appendix for the relevant calculations.

=g =0 =1, =1.

B A B A

% The parameter values used for the underlying simulation are c, =c, =r, =r

® For high values of the aspiration level |, and simultaneously small values of k,, there exists the

possibility that rivalry is actually detrimental. However, this result is a rather special case and therefore
of primarily theoretical interest.

%" The underlying parameter configuration is ¢, =r, =g, =4,c, =r, =0, =05,0=05,1, =1.

% Note that all other parameters have to be kept constant for calculating the threshold values.

% See Itoh (2004), p. 42 for a similar result. Differences are described in the considerations below.

* The parameter configurationis ¢, =c, =r, =r, =¢> =¢> =I, =I, =1, p=05. In the case of altruism,
it is additionally assumed that m, and n, as well as m, and n; sumupto 1.

*! This contradicts the insight of Itoh (2004), who concludes that the principal can make use of his or
her agents’ competitive behavior. Itoh bases these conclusions on a model with completely identical
agents.

*? The parameter configuration is ¢, =c, =r, =r, =g =g =|_,=1,p=05.

“ For the conceptual foundations of business ethics from a business-economist’s point of view see
also Kupper (2006).

“ See e.g. Hobman, Bordia and Gallois (2003).
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