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1. INTRODUCTION

In the context of incomplete information and environ-
mental uncertainty, normative agency theory focuses on
finding the most efficient contract between the principal
and the agent, that aligns the two parties’ interests but
also maximizes the principal’s utility. Typical classes of
problems investigated within the framework of agency
theory are concerned with hidden-characteristics, hidden-
information and hidden-action (e.g., Eisenhardt, 1989).

Normative agency models have a set of assumptions in-
corporated. These assumptions are mainly concerned with
(the distribution of) information and the involved individ-
uals’ behaviour (e.g., Müller, 1995) and might be regarded
as a virtue as they allow for deriving optimal contracts in
closed-form modeling. At the same time, these assump-
tions might also be a fundamental weakness as they might
limit the theory’s predictive validity.

The positive agency literature calls for relaxing these as-
sumptions to map real-world situations. There are some
conceptual papers that make aware of the limitations of
normative agency literature (e.g., Shapiro, 2005). In ad-
dition, there is some empirical research that shows that
mechanisms derived from normative agency models fail
to work in real-world situations (e.g., Cuevas-Rodriguez
et al., 2012). This is where we particularly place our re-
search: We aim at contributing to closing the gap between
positive and normative agency literature by providing a
systematic analysis of selected assumptions in the stan-
dard hidden-action model.

In this paper, we transfer the standard hidden-action
model into an agent-based variant of the hidden-action
problem. In order to do so, we employ the so-called agenti-
zation approach which allows us to relax selected assump-
tion incorporated in the standard hidden-action model. In
the current paper, the process of agentization particularly
concentrates on assumptions regarding the information
available for both the principal and the agent. While the
standard model allows to find the optimal contract in
one timestep, the agent-based model variant requires the
involved parties to search for the optimal contract over

time. In addition to relaxed assumptions, the proposed
agent-based model variant endows the principal and the
agent with learning capabilities and a memory in which
the learnings can be stored. The principal is additionally
endowed with an exploration propensity which drives the
selection of the strategy employed to search for ‘better’
contracts.

2. THE MODEL IN A NUTSHELL

We refer to the following model as standard hidden-action
model: The principal offers the agent a contract (inter alia
consisting of a task to be executed and a compensation
scheme). In case the agent accepts the contract, she
autonomously selects an effort level to execute the task.
Together with an exogenous factor the selected effort level
defines the outcome, which is observable by both the
principal and the agent. The principal can neither observe
the selected effort level, nor does he have information
on the exogenous factor. Thus, the agent’s compensation
can only be based on the outcome. The standard hidden-
action model gives information on how the contract should
be designed so that the principal’s utility maximizes (cf.
Lambert, 2001).

The principal’s utility function can be formalized by

UP

production function︷ ︸︸ ︷
X (a, ρ, θ)︸ ︷︷ ︸
x=a·ρ+θ

,

compensation function︷ ︸︸ ︷
S (cf , x, p)︸ ︷︷ ︸
s=cf+x·p

 , (1)

while the agent’s utility function can be formalized by

UA (s, a) =

utility from
compensation︷ ︸︸ ︷
V (s) −

disutility from
exerting effort︷ ︸︸ ︷

G (a) , (2)

where a ∈ A represents the set of possible actions the
agent can select from to carry out the delegated task,
ρ stands for the agent’s productivity, θ ∈ Θ indicates
the exogenous factor, cf stands for the agent’s fixed
compensation component, and p indicates a premium level.
For further elaborations, the agent’s reservation utility is
indicated by U .
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The principal is modeled to seek to maximize his expected
utility (see Eq. 3) subject to the participation (see Eq. 4)
and incentive compatibility constraint (see Eq. 5): 1

max E (UP (x, s)) (3)

s.t. E (UA (s, a)) ≥ U (4)∫
V (s) fa (x|a) dx−G (a)

′
= 0 (5)

The agent is also modeled to seek to maximize the ex-
pected utility,

max E (UA (s, a)) . (6)

Agency theory allows the principal to solve the optimiza-
tion problem (i.e., to find the ‘optimal’ premium level, p,
cf. Eq. 3–5) within one timestep, which (sometimes implic-
itly) includes very specific assumptions about the avail-
ability of information as well as about the involved parties
capabilities. It is, e.g., assumed that the principal has full
information about the agent’s characteristics (UA, U, ρ),
is able to observe the outcome (x), knows the entire set
of actions (A) the agent can select from to carry out the
delegated task, and has information about the distribution
of exogenous factors (Θ). The agent is assumed to have
information on the distribution on exogenous factors (Θ),
and the outcome (x). In addition, the agent is modeled
to have private information on the selected action (a) and
the realized exogenous factor (θ). 2

Using the so-called agentization approach, the standard
model is transferred into an agent-based model variant. 3

The agent-based model variant represents a multi-period
version of the standard hidden-action model. A special fea-
ture of the agent-based model variant is that the principal
and the agent are no longer able to find the optimal solu-
tion in one time-step but rather have to search for the opti-
mal solution over time. During the process of agentization,
particular focus is put on assumptions regarding the prin-
cipal’s and the agent’s information about the distribution
of exogenous factors and the principal’s information about
the set of actions. In particular, regarding the information
about the action space and the distribution of exogenous
factors, the following (presumably more realistic) assump-
tions are included in the agent-based model variant:

Assumptions regarding the principal’s information

• Principal has limited information about the set of
actions
• Principal is endowed with a mental horizon which

defines the fraction of A that can be overseen
• Principal has no information about the distribution

of exogenous factors
• Principal is endowed with the capability to learn

about the distribution of exogenous factors over time
and with a memory in which learnings are stored

1 For more details on the standard model and the included con-
straints the reader might consult Lambert (2001).
2 A detailed discussion of these assumptions is provided in Müller
(1995).
3 For details on the agentization approach the reader is referred to
Leitner and Behrens (2014) and Guerrero and Axtell (2011).

• Principal is endowed with an exploration propensity
which drives the strategy employed to search for ‘the
optimal solution’ over time

Assumptions regarding the agent’s information:

• Agent has no information about the distribution of
exogenous factors

• Agent is endowed with the capability to learn about
the distribution of exogenous factors over time and
with a memory in which learnings are stored

All other assumptions remain unaffected by the agenti-
zation approach and are carried over from the standard
model to the agent-based model variant.

3. SELECTED RESULTS

We find that the impact of the exogenous factor on the
task’s outcome significantly affects the efficiency of the
contract offered to the agent, i.e., performance decreases as
the impact of the exogenous factor on the task’s outcome
increases. Our results also indicate that the principal’s
exploration propensity does not significantly affect the
efficiency of the derived contract if the impact of the
exogenous factor is kept stable. We do, however, observe
significant differences (caused by the principal’s explo-
ration propensity) across scenarios in which the impact
of the exogenous factor is varied. We find that, in our
model, a lower level of exploration propensity is particu-
larly beneficial when the environment has a strong impact
on the task’s outcome. Moreover, we aim at identifying
additional factors that drive our results (like, e.g., the
principal’s mental horizon). Based on our results we aim
at characterizing critical factors and their interrelations
in the context of hidden-action problem and at providing
decision support on how to optimally shape delegation
relationships.
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