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Introduction

In an organization, an agent may not understand all details of her complex environment. Consider the following example of a “misspecified model” that an agent may have.
“Marketer Example.” The agent is a marketer whose job is to increase sales.
One strategy to increase sales is to make cold-calls (calling potential customers
without prior consent). This increases the set of customers who know about the
firm’s product, but also reduces the firm’s reputation since some customers are
annoyed by being cold-called.1 Both a larger customer set and a better reputation
increase expected sales. However, when choosing her strategy, the marketer does
not take into account the negative effect of cold-calls on the firm’s reputation. The
only mechanism that is on her mind is that making cold-calls enlarges the set of
potential customers.
We analyze a principal-agent model in which the agent exhibits such misspecifications. We
show that, in an organizational context, misspecifications like this can be fairly robust for two
reasons. First, the principal may strictly benefit from the agent’s misspecification. In this case,
he has no incentive to correct her model, and a strict incentive to hire agents with misspecified
models. Second, the beliefs over outcomes generated by the agent’s misspecified model can be
consistent with the actual equilibrium outcomes. That is, the data collected on the equilibrium
path will not create suspicion or invalidate the agent’s model. We analyze the optimal contract
when the agent’s misspecification exhibits these two features, and we study how the principal
optimally designs the workplace when he has some discretion over the agent’s model. Several
new implications for optimal organization emerge from this analysis.
There are by now many well-documented empirical cases where experienced agents choose
inferior actions, despite strong incentives for improvement and learning. For example, before
the invention of germ theory in the second half of the 19th century, doctors saw no value in
washing hands before treating patients, thereby killing many individuals through the transmission of diseases. This did not change even after being confronted with clear statistical evidence
for the effectiveness of hygienic measures (Nuland 2004). Bloom et al. (2013) show how managers and owners of large companies do not recognize how the cleanliness of the factory floor
or the careful documentation of inventory matter for productivity. Experienced farmers may
ignore important input dimension and thus produce off the Pareto frontier (Hanna et al. 2014).
Tech companies may greatly overestimate the effectiveness of their online marketing efforts
when they neglect the relationship between search clicks and purchase intent (Blake et al.
1

Alternatively, some savvy consumers may infer from such marketing efforts that the quality of the product
must be low; see, for example, Miklós-Thal and Zhang (2013).

Equilibrium Contracts and Boundedly Rational Expectations

2

2015).2 In all these cases, decision makers are not inexperienced or overconfident, but they
do not pay attention to important aspects of their operation. We demonstrate in this paper that
such ignorance – unlike in these cases – can increase organizational performance, so that the
principal is inclined to keep it.
To capture the agent’s misunderstanding of her environment, we apply Spiegler’s (2016,
2017) Bayesian network approach. The principal’s project can be described by a number of
variables and an objective joint probability distribution that describes the probabilistic relationships between these variables. The agent has a subjective model of how and which variables
are related to each other. She fits this model to the objective probability distribution, and
uses the calibrated subjective model to predict outcomes under alternative actions. A crucial
advantage of the Bayesian network approach to boundedly rational beliefs is that it is nonparametric. The agent’s beliefs are directly derived from the objective probability distribution.
A parametric assumption (as in the case of overconfidence) is not required. This allows us
to study the link between biased beliefs and organizational structure, and (to some degree) to
endogenize the agent’s misspecification.
To illustrate, consider the marketer example from above. The labels of relevant variables
are {cold calls, customer base, reputation, sales}, where cold calls is the agent’s action and
sales is the contractible variable. In the agent’s mind, only the variables {cold calls, customer
base, sales} matter. She fully understands how cold calls affect the customer base. She also
understands how, given her equilibrium action (which we define precisely below), sales depend
on the customer base. We will see that on the equilibrium path the agent therefore knows the
true distribution over sales. However, she does not understand that the relationship between
customer base and sales changes when she deviates to an off-equilibrium action. Suppose that
the contract implements “make cold calls” as equilibrium action. Since reputation is not in the
agent’s model, she ignores the partial positive effect of a deviation on sales through an increase
in reputation, which relaxes the incentive constraint. In short, the principal benefits from the
agent’s misspecification, and the agent cannot detect her belief bias from the data she collects
on the equilibrium path.
We exploit a restriction on the agent’s subjective model (introduced in Spiegler 2017)
which ensures that the agent correctly predicts the marginal equilibrium distribution over outcomes. Loosely speaking, this restriction is that the agent takes into account the correlation between any two variables in her model that have a joint influence on a third variable of her model
2

There are many further examples outside organizational economics where experience does not help decision
makers. Juveniles may overlook the effectiveness of a polite request in situations of conflict (Heller et al. 2017).
Commuters may continuously take suboptimal routes because they do not take into account how quickly a vehicle
moves between single stops (Larcom et al. 2019). Social behavior is impacted if individuals believe in the validity
of certain social norms even when a majority rejects them privately (Bursztyn et al. 2018).
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(so that there is no “neglect of correlation”). Misspecifications that respect this restriction can
change the incentive problems in several ways that benefit the principal. A misspecification in
the agent’s model of the mapping from action to output can relax the incentive constraint, as
in the marketer example; a misspecification in her model of the mapping from action to her
non-pecuniary cost or benefits can even eliminate the incentive problem altogether.
We derive a general result under what circumstances a misspecification in the agent’s
model can change her beliefs in a way that is relevant for the optimal contract. This result has
two implications. First, the agent may miss out important aspects of the contracting problem
(such as the contributions of other workers in a team incentives setting) and still behave as if
she were fully rational. Omitting variables from a model therefore does not per se create incentive effects, and paying attention to more details of the operation does not necessarily improve
decision-making, even when they are crucial for the description of the contracting problem.
Second, when the agent does not take into account a variable of the project, other variables
may become inconsequential for incentives. Thus, different misspecifications – which may reflect different psychological predispositions – can have identical incentive effects. We illustrate
these insights in several applications.
The main implication of our basic model is that the agent’s misunderstanding of her environment can increase organizational performance. We address the following question: Which
agent misspecifications and organizational features are robust in successful organizations? We
consider a number of classic topics in organizational economics, and give the principal – who
designs the agent’s workplace – some discretion over her subjective model. He can hide or
highlight certain empirical regularities when choosing the organizational structure. Note that
organization affects the objective probability distribution over all relevant variables. From this
distribution the agent’s beliefs are derived. The design of the organization therefore not only
determines incentives, but also has an indirect effect on effort motivation through the agent’s
subjective model and beliefs. We find a number of organizational features that increase effort
motivation through misspecifications that entail correct expectations on the equilibrium path.
(i) The principal has a preference for production technologies with “extreme” features when
he can make their advantages salient to the agent, while hiding their disadvantages. This
can induce the choice of inefficient technologies and technological inertia.
(ii) Transparency increases effort motivation when the agent’s effort inspires her subordinates (Winter 2010). If the agent does not perfectly understand her subordinates’ job,
she may perceive her contribution as more “pivotal” than it really is. Transparency thus
can have advantages beyond exploiting complementarities in the production function.
(iii) An egocentric agent focuses on her own information and solicits too little tacit knowl-
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edge from others. The equilibrium outcome then may imply narcissistic leadership –
the agent overestimates her own contribution to the output and shows little empathy for
others. The principal may have a preference for hiring such an agent.
(iv) The principal may want to use “camouflaged” relative performance evaluation (RPE)
to reduce the agent’s exposure to common shocks. To maintain cooperation among
employees, he does not make RPE explicit, but uses “subjective” performance evaluation
that takes the performance of others’ into account.
(v) The principal offers an incomplete contract if the inclusion of more variables updates
the agent’s subjective model so that the implementation of effort becomes more costly.
We discuss how these results advance previous work in organizational economics and what
implications they have for empirical work.
Related Literature. The first comprehensive analysis of organizations with boundedly rational decision makers is Herbert Simon’s (1947) Administrative Behavior. Herbert Simon
proposes that rationality requires the decision maker to know the consequences of all possible options. In an organizational context, this is typically impossible. Thus, administrative
behavior must be “boundedly rational.” Subsequent work in managerial economics, such as
the influential works by March and Simon (1958) and Cyert and March (1963), builds on this
premise, usually without formalizing it in a mathematical model. In contrast, the standard
models in contract theory assume rational expectations and common priors. In our framework,
the agent extrapolates from partial data sets to predict outcomes under alternative actions. We
therefore use a framework that formalizes to some extent Herbert Simon’s bounded rationality
and that can be applied to many models in contract theory and organizational economics.
This paper offers a new approach to the literature on contracting between parties with noncommon priors. Several models examine how an agent’s bias affects optimal incentives and
organization, by assuming overconfidence (Rotemberg and Saloner 2000, Fang and Moscarini
2005, Van den Steen 2005, Gervais and Goldstein 2007, De la Rosa 2011, Gervais et al. 2011,
Spinnewijn 2015, Bhaskar and Thomas 2019), endogenously biased beliefs (Bénabou 2013),
or unawareness (Filiz-Ozbay 2012, Auster 2013, Von Thadden and Zhao 2012, 2014, Auster
and Pavoni 2018). In these models, the agent is “biased on the equilibrium path.” She either
does not correctly predict the outcomes which result from her equilibrium action (as in the case
of overconfidence and biased beliefs) or she is unaware of certain actions or outcomes (as in
the case of unawareness). In our framework, the agent is aware of all actions and potential outcomes. She makes correct predictions on the equilibrium path, but the misspecification in her
model causes her to incorrectly extrapolate how off-equilibrium actions map into outcomes.
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Thus, our approach is applicable to a setting where the agent has substantial experience and
data on the consequences of her actions, but misses out important regularities of her environment.
Finally, we also contribute to the literature on Bayesian networks and directed acyclic
graphs (DAG), which have been used extensively in the artificial intelligence literature. In
biomedical research, DAGs are used to eliminate confounding biases in the estimated treatment effect. Moreover, they are used as visual inspection tool when choosing explanatory
variables, see, for example, Shrier and Pratt (2008) and Farzaneh-Far et. al. (2010). In these
papers, DAGs are interpreted as a representation of causal relationships. This viewpoint is
also promoted by Pearl (2009) who provides a broad introduction to DAGs.3 In economics,
Spiegler (2016, 2017) uses Bayesian networks to model agents with boundedly rational expectations. He shows that DAGs can be used to capture a variety of different inference errors
such as reverse causation, coarseness and mis-attribution biases. We build on these insights
and apply them to contracting and optimal organization. A number of recent papers apply the
Bayesian network models to monetary policy (Spiegler 2018), political economy (Eliaz and
Spiegler 2018), and Bayesian persuasion (Eliaz et al. 2018).
The remainder of the paper is organized as follows. Section 2 describes our basic model. In
Section 3, we characterize the optimal equilibrium contract and derive several general results.
Section 4 advances the model by allowing the principal to “choose” the agent’s misspecification. In Section 5, we apply our model to study optimal workplace design. Section 6 concludes.
All proofs, mathematical details, and further results can be found in the Online Appendix.

2

The Model

We consider a standard principal-agent problem and combine it with a Bayesian network
model of boundedly rational beliefs, as introduced in Spiegler (2016).
Basic Framework. The principal proposes a contract (R, w(y), a), where w(y) ∈ W is the
agent’s wage conditional on the output y ∈ Y, a ∈ A the action that the principal wishes the
agent to choose, and R the agent’s subjective model (which we explain in detail below).4 Let
W be the set of possible incentive schemes, A ⊂ R a finite set of actions, Y ⊂ R a finite set of
outputs, and C ⊂ R a finite set of possible (non-monetary) effort costs. The agent can reject or
accept the contract. If she rejects it, she enjoys the outside option value Ū, while the principal
earns zero. If she accepts the contract, she chooses an action a ∈ A. Mixed action profiles
3
4

For other general introductions to DAGs see, for example, Cowell et al. (1999) or Koski and Noble (2009).
Below, we allow the principal to choose the agent’s subjective model. Thus, R appears in the contract.
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are denoted by p(a) ∈ ∆(A). The agent’s action stochastically influences the project’s output
and her costs. Her utility from wage w is given by the utility function u(w), which is weakly
concave and exhibits limw→−∞ u(w) = −∞. When the output is y and the agent’s cost is c, the
principal’s payoff is V = y − w(y) and the agent’s payoff is U = u(w(y)) − c.
Causal Structure. We model the causal structure though which the agent’s action affects the
output y and her costs c. Let N ∗ = {0, ..., n, n + 1} be the set of relevant project variables
(or nodes). They comprise the agent’s action, output, and costs, but may also include other
variables like customer base or reputation (as in the marketer example). A generic realization
of variable i is given by xi ∈ Xi , where Xi is a finite set that contains at least two elements.
Node 0 is the agent’s action (x0 = a, X0 = A), node n is the output (xn = y, Xn = Y), and node
n + 1 is the agent’s personal cost (xn+1 = c, Xn+1 = C). We use these labels interchangeably.
The state is a vector x∗ = (x0 , x1 , ..., xn+1 ) and the set of all states is X ∗ = ×i∈N ∗ Xi . Let xS be the
vector of variables in S ⊂ N ∗ .
The production- and cost-function is given by p(x1 , . . . , xn+1 | a). Together with the agent’s
action p(a) it generates the objective joint distribution over all variables p(x∗ ). Output and
costs are independent conditional on the agent’s action.5 We can now write down the causal
structure of the principal’s project by an irreflexive, asymmetric and acyclic binary relation R∗
over N ∗ . We denote it by the DAG R∗ = (N ∗ , R∗ ), see the graph on the left in Figure 1 for an
example. For two nodes i, j ∈ N ∗ one may read iR∗ j as “node i impacts on node j.” The set of
nodes that influence i is defined, with abuse of notation, as R∗ (i) = { j ∈ N ∗ | jR∗ i}. Nothing
influences the agent’s action, R∗ (0) = ∅. The probability distribution over states then naturally
factorizes according to R∗ via the formula
p(x∗ ) =

Y

p(xi | xR∗ (i) ).

(1)

i∈N ∗

The “objective model” R∗ is one of the sparsest DAGs so that p(x∗ ) factorizes according to R∗ .

Figure 1: An objective model R∗ (left) and the agent’s subjective model R (right).
5
This means that the set of variables that influence the output is disjoint from the set of variables that influence
effort costs. We will also assume this for the agent’s subjective model (defined below).
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Beliefs, Personal Equilibrium, and Equilibrium Contract. The agent may have her own
subjective model R = (N, R), see, for example, the graph on the right in Figure 1. We assume
that N is a subset of N ∗ and contains at least the action a, output y, and cost c. Denote by
x = (xi )i∈N the corresponding state vector and X = ×i∈N Xi . The agent fits her causal model to
the data generated by p, so her beliefs factorize according to the formula
pR (x) =

Y

p(xi | xR(i) ).

(2)

i∈N

She chooses the prescribed action from the contract only if it maximizes her expected utility given the wage scheme w(y) and her subjective belief pR . Since her action potentially
influences her beliefs, we formalize the agent’s action choice as a personal equilibrium. For
this, define by pR (y, c | a0 ; p(a)) the agent’s belief about the distribution over outcomes after
choosing action a0 when her subjective model is R and her personal equilibrium is p(a).
Definition 1. The action p(a) is a personal equilibrium at R and w(y) if for all actions a ∈ A
in the support of p(a) we have
a ∈ arg max
0
a

XX

pR (y, c | a0 ; p(a))(u(w(y)) − c),

y∈Y c∈C

where pR (y, c | a0 ; p(a)) = limk→∞ pR (y, c | a0 ; pk (a)) for all actions a0 ∈ A and a sequence
pk (a) → p(a) of fully mixed action profiles.
A fully mixed action profile ensures that all conditional probabilities are well-defined, in
particular, those at variables in R that are directly influenced by a (such as the variables {1, 5}
in R of Figure 1). The definition requires that equilibrium beliefs are the limit of a sequence
of fully mixed profiles. In the Online Appendix, we show that a personal equilibrium always
exists in our framework. We call a contract (R, w(y), p(a)) an “equilibrium contract” if p(a)
is a personal equilibrium at R and w(y). An optimal equilibrium contract is an equilibrium
contract that maximizes the principal’s expected payoff.
The proposed solution concept is static. The agent’s beliefs are derived from a probability
distribution that could be influenced by the action that the equilibrium contract implements.
One interpretation is that the agent is experienced and thus has data on how her action impacts
on the variables in her subjective model. An alternative interpretation is that there are (or have
been) many other agents in the organization who exchange data with their new colleague that
she can fit to her subjective model.
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The Optimal Equilibrium Contract

In this section, we study the properties of the equilibrium contract that is optimal for the
principal, given the agent’s subjective model R. If (R, w∗ (y), p∗ (a)) is an optimal equilibrium
contract, then w∗ (y), p∗ (a) solve the maximization problem
max

w(y)∈W,p(a)∈∆(A)

XX

p(a)p(y | a)(y − w(y))

(3)

a∈A y∈Y

subject to the constraints
p(a) ∈ ∆(A) is a personal equilibrium at R and w(y),
XXX
p(a0 )pR (y, c | a0 ; p(a))(u(w(y)) − c) ≥ Ū.

(IC)
(PC)

a0 ∈A y∈Y c∈C

If the agent’s subjective model R equals the objective model R∗ , the problem collapses to
a canonical principal-agent problem and can be solved as suggested by Grossman and Hart
(1983). We find for each pure action a ∈ A the wage scheme w(y) that implements this action at
lowest possible cost, and then choose the action-incentive scheme combination that maximizes
the principal’s profit. If the agent’s subjective model R differs from the objective model R∗ , one
finds the optimal equilibrium contract by applying the same procedure, with one change. Since
the agent’s beliefs about the distribution over outcomes possibly depend on the implemented
action p(a), the first step has to be done for all pure and mixed actions p(a) ∈ ∆(A).
We characterize properties of the optimal equilibrium contract in four stages. In Subsection
3.1, we state sufficient conditions on R and p∗ (a) so that the agent has correct expectations
on the equilibrium path. These conditions imply that the participation constraint PC is not
affected by the agent’s misspecification. In Subsection 3.2, we show how a misspecification
can change the IC and how it might eliminate the incentive problem altogether. In Subsection
3.3, we discuss when the principal implements a pure or mixed action p∗ (a) and highlight
that implementing a pure action may not be optimal. In Subsection 3.4, we characterize for
a certain type of R∗ /R-combinations when an agent with misspecified model acts “as if” her
model were equal to R∗ .6
6

Moreover, in the Online Appendix, we study under what circumstances the contract is also optimal from
the agent’s (potentially biased) perspective. We thereby introduce the refinement of “justifiability” from the
unawareness literature (Filiz-Ozbay 2012, Heifetz et al. 2013) to our framework.
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Correct Expectations on the Equilibrium Path

We examine under what circumstances the agent’s beliefs over outcomes are identical to the
equilibrium distribution over outcomes. We build on a Bayesian network result from Spiegler
(2017) that turns out to be very useful in our setting and from which we can derive several
implications. To state this result, we have to introduce a few graph-theoretical concepts. A
v-collider is a triple of nodes (i, j, k) such that iR j, kR j and there is no link between i and k
(neither iRk nor kRi is in R). The set of v-colliders of a DAG is called its v-structure. A DAG
is called perfect if it has an empty v-structure. Next, a subset of nodes S ⊂ N is a clique in
R = (N, R) if iR j or jRi for any two nodes i, j ∈ S . For example, in the DAG R∗ from Figure
1, the set S = {1, 3, 4} is a clique, while the set S 0 = {2, 3, 4} is not. Each node is a clique in
itself. The following result is a direct implication of Proposition 2 from Spiegler (2017).
Proposition 1 (Equilibrium Beliefs). If the agent’s model R = (R, N) is perfect, her equilibrium beliefs satisfy pR (xS ) = p(xS ) for every clique S ⊂ N.
If the agent’s subjective model R is perfect, then in a personal equilibrium the agent correctly anticipates the marginal distribution over each variable in her model, and also the joint
distribution over variables in cliques. The intuition behind this result is that perfectness excludes biased estimates due to neglect of correlation. Imagine two variables i, j that influence
a third variable k. Suppose that i and j are correlated, and that the agent treats them as uncorrelated. Through the application of the factorization formula (2), the agent may then obtain a
biased estimate of the marginal distribution p(xk ).7 Perfectness implies that the agent always
checks for correlations between two variables i, j when, according to her subjective model,
they influence a third variable k. We obtain two useful corollaries from Proposition 1.
Corollary 1. If the agent’s model R = (R, N) is perfect and her equilibrium action is a pure
action a∗ , her equilibrium beliefs satisfy pR (xS | a∗ ; a∗ ) = p(xS | a∗ ) for every clique S ⊂ N.
If the equilibrium contract implements a pure action a∗ , the agent’s beliefs over the joint
distribution of any clique in R conditional on her equilibrium action are correct. Since output
y and costs c are independent (both in R and R∗ ), this implies that the agent also correctly
anticipates the equilibrium distribution over the output, costs, and her payoff.
Corollary 1 is in general not true if the equilibrium contract implements a mixed action
∗

p (a). While the agent still gets the marginal equilibrium distribution over each variable right,
we may also have pR (xi | a0 ; p∗ (a)) , p(xi | a0 ) for an action a0 in the support of p∗ (a). Thus,
7

We provide an example in the Online Appendix.
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the agent’s expected utility conditional on a0 may also be biased, ER [u(w(y)) − c | a0 ; p∗ (a)] ,
E[u(w(y)) − c | a0 ]. The second direct implication of Proposition 1 is the following result.
Corollary 2. Suppose (R, w(y), p(a)) is an equilibrium contract. If R = (R, N) is perfect, the
PC is satisfied for w(y), p(a) if and only if this is also the case under the objective model R∗ .
If R is perfect, the principal’s wage scheme has to satisfy the same participation constraint
as under the objective model. Thus, an agent with a misspecified – but perfect – model cannot
be exploited. As we will see in the next subsection, this does not imply that the principal
cannot benefit from the agent’s misperception.

3.2

Incentive Effects

Next, we study how a misspecification in the agent’s subjective model R can change the contracting problem in (3) when R is perfect. By Corollary 2, only the incentive compatibility
constraint IC could then be affected by the misspecification. We examine a simple setting with
two levels of effort a ∈ {0, 1}, two output levels y ∈ {yL , yH }, and two cost levels c ∈ {cL , cH }.
Both the probability of high output yH and the probability of high costs cH increase in the
agent’s effort. We consider two “types” of misspecification: First, a misspecification in the
agent’s model of the production function, so that the agent does not fully understand how her
action a maps into the output y; and second, a misspecification in the agent’s model of the cost
function, which implies that the agent does not fully grasp how a affects her personal costs c.

Figure 2a: Objective model R∗ (left) and subjective model R (right) in production function example.

Misspecification in the production function model. Consider the objective model R∗ and the
agent’s subjective model R from Figure 2a. They represent, for example, the marketer scenario
from the introduction in which the agent does not take into account her action’s influence
on the firm’s reputation. Node 1 is the set of customers who are informed about the firm’s
product. It can be small (x1 = 0) or large (x1 = 1). Node 2 is the firm’s reputation, which
can be bad (x2 = 0) or good (x2 = 1). For the objective probability distribution, we abbreviate
p(xi = 1 | a) = βia and p(yH | x1 , x2 ) = γ x1 ,x2 . Suppose the principal wishes to implement the

11
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action p(a = 1) = α > 0. The incentive compatibility constraint IC is then
[pR (yH | a = 1; α) − pR (yH | a = 0; α)] (u(w(yH )) − u(w(yL ))) ≥ E(c | a = 1) − E(c | a = 0), (4)
which must hold with strict equality if α ∈ (0, 1). This is a standard IC, except for the term
in the quadratic brackets. This term is the agent’s perceived effect of effort on output. Note
that it depends on the implemented action α. We calculate the pR (yH | a; α)-terms by fitting
the agent’s model to the objective probability distribution, taking α as given. In the Online
Appendix, we present this procedure in detail. The agent’s perceived effect of effort on output
equals




(β11 −β10 ) (γ1,0

− γ0,0 ) +

αβ11 β21 + (1 − α)β10 β20
αβ11 + (1 − α)β10

(γ1,1 − γ1,0 ) −

α(1 − β11 )β21 + (1 − α)(1 − β10 )β20
α(1 − β11 ) + (1 − α)(1 − β10 )



(γ0,1 − γ0,0 ) .
(5)

The term in the large quadratic brackets represents pR (yH | x1 = 1; α) − pR (yH | x1 = 0; α),
which indicates how much the probability of high sales yH changes if the size of the customer
base is large rather than small. In the agent’s mind, this value is a constant, independent of her
action. However, through the reputation channel, this value changes in the agent’s equilibrium
action α. The direction of change depends on the objective probability distribution. Note that
if the value in the large quadratic brackets increases (decreases) in α, an increase in α implies
that the incentive compatibility constraint IC is relaxed (tightened). Thus, in general, it may
be possible that the optimal equilibrium contract implements a mixed action.
We develop some intuition how the agent’s misspecification may affect the IC. Suppose
that the principal wants to implement making cold calls with certainty, α = 1. For convenience,
we assume that the impact of reputation on sales is positive and independent of the customer
set, γ1,1 − γ1,0 = γ0,1 − γ0,0 > 0. Under the objective model, the effect of effort on output is then
p(yH | a = 1) − p(yH | a = 0) = (β11 − β10 )(γ1,0 − γ0,0 ) + (β21 − β20 )(γ0,1 − γ0,0 ),

(6)

while under the agent’s subjective model this value equals
pR (yH | a = 1; α = 1) − pR (yH | a = 0; α = 1) = (β11 − β10 )(γ1,0 − γ0,0 ).

(7)

Suppose that making cold-calls increases the customer base, β11 > β10 . When some people are
annoyed by being cold-called, cold-calls lower the firm’s reputation, β21 < β20 . In this case, the
agent overestimates the drop in expected sales if she deviates to low effort. The IC is then
relaxed by the misspecification. Alternatively, a talented agent may even be able to increase
the firm’s reputation by making cold-calls, β21 > β20 . If the agent does not take this effect into
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account, the incentive constraint is tightened relative to the objective model. Finally, suppose
that making cold-calls (for some strange reason) decreases the customer base, β11 < β10 , but
increases the firm’s reputation, β21 > β20 . The agent with misspecified model then perceives her
effort as unproductive, so that it is impossible to implement high effort.

Figure 2b: Objective model R∗ (left) and subjective model R (right) in cost function example.

Misspecification in the cost function model. Next, consider the objective model R∗ and the
agent’s subjective model R from Figure 2b. They represent, for example, the following scenario: The agent is an accomplished technical specialist who is promoted to a management
position. Her psychological well-being now depends on the atmosphere in her department.
However, her people skills are poor. She does not understand that her efforts impact on her
subordinates’ mood and thus on her own quality of life at the workplace. Besides the interaction with colleagues, also the manager’s compliance to her own work norms is important for
her personal costs. Let node 1 be the degree of stress the manager experiences if she does not
comply to her work norms (or does not achieve her goals), which can be low (x1 = 0) or high
(x1 = 1). Node 2 is her relationship to her colleagues, which can be good (x2 = 0) or bad
(x2 = 1). Both the level of stress and the quality of relationship influence the agent’s cost in
the expected manner. When the principal wishes to implement action p(a = 1) = α > 0, the
incentive compatibility constraint IC is
E(u(w(y)) | a = 1) − E(u(w(y)) | a = 0) ≥ [pR (cH | a = 1; α) − pR (cH | a = 0; α)](cH − cL ), (8)
which must hold with strict equality if α ∈ (0, 1). The term in the quadratic brackets on
the right-hand side now represents the agent’s perceived increase in the probability of high
costs if she exerts high rather than low effort. If this value decreases (increases), the incentive
compatibility constraint is relaxed (tightened). Since we chose the objective and subjective
model symmetric to the production function example, this term is identical to (5) when we use
the abbreviations p(xi = 1 | a) = βia and p(cH | x1 , x2 ) = γ x1 ,x2 .
We again build intuition for how misspecifications affect effort incentives. Suppose that
the principal implements high effort with certainty, α = 1. The objective effect of effort on

Equilibrium Contracts and Boundedly Rational Expectations

13

personal costs is then
p(cH | a = 1) − p(cH | a = 0) = (β11 − β10 )(γ1,0 − γ0,0 ) + (β21 − β20 )(γ0,1 − γ0,0 ),

(9)

while under the subjective model it is
pR (cH | a = 1; α = 1) − pR (cH | a = 0; α = 1) = (β11 − β10 )(γ1,0 − γ0,0 ).

(10)

Suppose that the manager has strong work norms and suffers from non-compliance, so that
β11 < β10 . In this case, the misspecification makes the manager believe that high effort is the
low-cost action. High effort then can be implemented with a fixed wage so that the firstbest allocation is realized. Therefore, a misspecification in the agent’s subjective model can
eliminate the incentive problem altogether.
Assume now that her personal norms emphasize the work-life balance, which means that
β11

> β10 . If working less hard improves the relationship to her colleagues (since there is

more time for socializing), β21 > β20 , not taking into account this effect relaxes the incentive
compatibility constraint. If working less hard worsens the relationship to her colleagues (since
there are strong norms in the organization that everybody works hard), β21 < β20 , ignoring this
effect tightens the incentive compatibility constraint.

3.3

The Agent’s Action under the Optimal Equilibrium Contract

We now know how a misspecification can change the incentive compatibility constraint. Next,
we ask whether the optimal equilibrium contract implements a pure action. Recall from Corollary 1 that in a pure action personal equilibrium, the agent correctly anticipates the joint distribution of any clique S ∈ N conditional on her equilibrium action. For the subjective models
from Subsection 3.2, this implies that the agent correctly anticipates the joint distribution of
all variables in her model.
Unfortunately, there does not seem to be a simple set of conditions that are necessary and
sufficient for an optimal equilibrium contract to implement a pure action. For a specific application, one has to show this by using ad-hoc methods.8 We can make two general statements.
First, consider a setting in which expected output increases in the agent’s effort a and let aH be
the highest level of effort. Assume that personal cost c are always weakly positive, and that the
agent’s subjective model is so that ER [y | a; aH ] increases in a. Then, if ceteris paribus personal
cost levels c are small enough, the optimal equilibrium contract implements aH with certainty.
Second, let a∗ be a Pareto-efficient effort level. If R is perfect and the misspecification in R
8

In the Online Appendix, we do this for the production function example from Subsection 3.2.
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implies that a∗ ∈ arg mina∈A ER [c | a; a∗ ] (as in the cost function example in Subsection 3.2),
then the optimal equilibrium contract implements a∗ with certainty.
However, it is not always optimal for the principal to implement a pure action, as the
following example shows. Consider the production function from the previous subsection.
Assume that the agent is risk-neutral, protected by limited liability so that w(y) ≥ 0, her
outside option value is zero, and yL = 0. We show that the optimal equilibrium contract may
implement a mixed action α ∈ (0, 1). Suppose payoff parameters are such that the principal
optimally implements α > 0. Standard arguments show that w(yL ) = 0, and that w(yH ) is
chosen so that the IC in (4) is satisfied with equality. The principal’s expected payoff from this
contract is then
"
#
E[c | a = 1] − E[c | a = 0]
E[V] = (αp(yH | a = 1) + (1 − α)p(yH | a = 0)) yH −
,
∆(α)

(11)

where ∆(α) = pR (yH | a = 1; α) − pR (yH | a = 0; α) is the agent’s perceived effect of effort on
output. The slope of ∆(α) at α = 1 is
d∆(α)
dα

"
α=1

=

(β11

−

β10 )(β21

−

β20 )

β10

1 − β10

#
(γ1,1 − γ1,0 ) −
(γ0,1 − γ0,0 ) .
β11
1 − β11

(12)

Let the agent’s action have a positive impact on both components, β11 > β10 and β21 > β20 . Then
for β11 → 1 the slope converges to minus infinity. Thus, if all else equal β11 is sufficiently
close to 1, then, starting from α = 1, a small reduction in α reduces w(yH ); and in terms of
profits, this reduction overcompensates the smaller probability of high output. The optimal
equilibrium contract then implements α ∈ (0, 1).9

3.4

Behavioral Rationality

A misspecification in the agent’s subjective model does not necessarily change the contracting
problem in (3). We derive a result that characterizes which nodes must be in the agent’s
subjective model R to guarantee that she acts as if she were rational. This result has a number
of important implications that we will illustrate in subsequent applications.
In the following, we assume that the objective model R∗ is perfect and that the agent’s
subjective model R = (N, R) originates from R∗ by omitting nodes and the links attached to
these nodes. Formally, this means that R equals R∗ restricted on N: We have iR j for i, j ∈ N if
and only if iR∗ j. Note that R will then be perfect (no v-structure emerges if we take out nodes
from R∗ and all links attached to them). The assumptions on R∗ and R are not restrictive. Any
For example, if yH = 1, E[c | a = 1] = 0.1, E[c | a = 0] = 0, β11 = β21 = 0.95, β10 = β20 = 0.40, γ1,1 = 0.9,
= 0.6, γ0,1 = 0.4, and γ0,0 = 0.1, the optimal equilibrium contract implements α ' 0.94.

9

γ1,0
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probability distribution p factorizes according to some perfect DAG R∗ , and the assumption
on R is satisfied by all subjective models we consider in this paper.
For any perfect R∗ we characterize the subset of nodes H ∗ ⊆ N ∗ the agent needs to have in
her subjective model R = (N, R) so that she acts rationally, regardless of her incentives w(y).
If H ∗ ⊆ N ∗ , the agent acts “as if” her subjective model were given by R∗ so that the problem
in (3) collapses to the canonical principal-agent problem. We formally define this case.
Definition 2. An agent with subjective DAG R is behaviorally rational if, for any probability
distribution p and any incentive scheme w(y), a personal equilibrium at R and w(y) is also a
personal equilibrium at the objective DAG R∗ and w(y).
To derive the characterization of H ∗ , we will make use of the following definitions and
results from the Bayesian network literature. Consider any DAG R = (N, R). Its skeleton
(N, R̃) is obtained by making the DAG undirected. We have iR̃ j if and only if iR j or jRi.
Definition 3. Two DAGs R and G are equivalent if pR (x) ≡ pG (x) for every p ∈ ∆(X).
Proposition 2 (Verma and Pearl 1991). Two DAGs R and G are equivalent if and only if they
have the same skeleton and v-structure.
To illustrate, consider the models in Figure 2a. The DAGs R∗ and R are not equivalent
since they have different skeletons. Consider a DAG G that only differs from R∗ in that the
link between the nodes 1 and 3 is reversed. The two DAGs then have the same skeleton, but a
different v-structure. Then there exist probability distributions p so that the agent’s subjective
beliefs pG differ from p if her subjective model is given by G.
We need a few more definitions. A subset of nodes M ⊂ N is called ancestral in R if for
all nodes i ∈ M we have R(i) ⊂ M. A path τ of length d from node i to node j is a sequence
of nodes τ0 , τ1 , ..., τd so that τ0 = i, τd = j, and τh−1 R̃τh for all h ∈ {1, ..., d}. The length of the
shortest path between i and j is called the distance between these nodes and denoted by d(i, j).
A path of length d is active if there is no h ∈ {1, ..., d − 1} so that τh−1 Rτh and τh+1 Rτh .
Define by E the set of DAGs in the equivalence class of R∗ in which the action node 0
is ancestral (nothing influences the agent’s action). In each of these DAGs, all active paths
between the action node 0 and any node i point towards i. Thus, the assumption of an ancestral
node pins down the direction of many links in a perfect DAG. We call such links “fundamental
links.” There is a close connection between fundamental links and the set of nodes that can be
removed while maintaining behavioral rationality.
Definition 4. Consider two nodes i, j ∈ N ∗ . If iG j for all G = (G, N ∗ ) ∈ E, then the link iG j is
called fundamental link and denoted by iE j.
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An intuition for fundamental links is that they capture empirically relevant directions of
causality (given agreement on the ancestral node). Specifically, they describe how the agent’s
action impacts on other variables. Consider R∗ from Figure 1. Since the action node is ancestral, the links pointing from node 0 to other nodes are fundamental (0R∗ 1, 0R∗ 2, 0R∗ 3, and
0R∗ 5). Thus, the two links pointing into the outcome node 4 (1R∗ 4 and 3R∗ 4) also must be
fundamental. If we would turn around one or both of them, we would create a v-collider since
there is no link between the action node 0 and the output node 4. The remaining links 1R∗ 2,
1R∗ 3, and 2R∗ 3 are not fundamental. Below, we present an algorithm that identifies all fundamental links in any perfect DAG R∗ . For now, we go a step further and consider sequences of
fundamental links.
Definition 5. Let τ be an active path in R∗ . Then τ is a fundamental active path if all the links
between neighboring nodes in τ are fundamental.
Consider again R∗ from Figure 1. The path τ = {0, 1, 4} is a fundamental active path since
both links 0R∗ 1 and 1R∗ 4 are fundamental. In contrast, the active path τ0 = {0, 2, 3, 4} is not
fundamental since the link 2R∗ 3 is not fundamental. We define the set of nodes that are part of
at least one fundamental active path between the action and the outcome nodes by
H ∗ := {i ∈ N ∗ | i is part of a fundamental active path between 0 and n or n + 1}.
It turns out that the nodes in H ∗ are exactly those nodes the agent needs to have in her subjective
DAG in order to be behaviorally rational. We can prove this by finding a DAG G that is
equivalent to R∗ and in which there are no links pointing from nodes in N ∗ \ H ∗ to nodes in H ∗ .
In this DAG, the nodes that are not in H ∗ have no influence on output or costs, so the agent can
safely ignore them. By Proposition 2, the agent knows the true statistical relationship between
actions and outcomes if H ∗ ⊆ N ∗ .
Proposition 3 (Behavioral Rationality). Let R∗ be a perfect DAG. The agent is behaviorally
rational if and only if her subjective DAG R contains all nodes from H ∗ .
This result has a number of implications. First, Proposition 3 shows that the agent may not
take into account all variables of her environment and still behave fully rational. In Section 5,
we illustrate that N ∗ \ H ∗ may contain important variables that are crucial for the description
of the contracting problem. Conversely, the incentive compatibility constraint may be affected
if the agent’s subjective model misses out at least one node from H ∗ .
Second, Proposition 3 implies that different misspecifications – which may reflect different psychological predispositions or misperceptions – can have the same effect on incentives.
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Consider two different nodes i, j ∈ H ∗ in a perfect DAG R∗ . Let R−i be the model that is identical to R∗ except that node i is missing in R−i ; define R− j accordingly. We can now examine
which nodes are on fundamental active paths in the misspecified models R−i and R− j . Suppose
that node j is not on a fundamental active path of R−i . It then does not matter for the agent’s
incentives whether she ignores node i or the nodes i, j. If also node i is not on a fundamental
active path of R− j , it does not matter for incentives, whether the agent ignores node i, node j,
or both nodes. We will discuss such a case in Subsection 5.2. Therefore, the ignorance about
one channel of causality may render another channel unimportant.
Finally, a practical implication of Proposition 3 is that it can simplify the analysis of the
agent’s subjective beliefs (in combination with Proposition 4 below). Deriving equilibrium
beliefs from the agent’s subjective model R and her equilibrium action p(a) can be cumbersome. The result indicates whether omitting a node in the subjective DAG affects beliefs or
not. Nodes in N ∗ \ H ∗ can be ignored in the calculations.
We can partially extend Proposition 3 to imperfect DAGs. Any imperfect DAG can be
made perfect by adding links. This does not restrict, but extends the set of probability distributions that factorize according to the DAG. In this way, Proposition 3 can also be applied to
the imperfect DAGs in Subsection 3.2 (see the Online Appendix). It remains to provide an
algorithm that identifies H ∗ in perfect DAGs. Nodes that are connected by fundamental links
in perfect DAGs fortunately exhibit characteristics that are easy to identify.
Proposition 4 (Characterization of Fundamental Links). Let R∗ be a perfect DAG and consider
two adjacent nodes i, j ∈ N ∗ . The link iR∗ j is fundamental if and only if at least one of the
following conditions is satisfied:
(a) we have d(0, i) = d(0, j) − 1;
(b) there exists a node k ∈ N ∗ such that kEi and k < R∗ ( j).
From this result we can derive an algorithm that finds all fundamental links in a perfect
DAG R∗ . Let the topological ordering of R∗ be such that every link is directed from an earlier
to a later node. First, find for each node i the distance to the action node, d(0, i). Links between
nodes of differing distance are fundamental links. Second, check the links between nodes i, j
that are of equal distance to the action node. Let Nd be the nodes that are at distance d to the
action node. Consider the smallest element of Nd , say i, and any j ∈ Nd with iR∗ j. A link iR∗ j
is fundamental if and only if there exists a node k so that there is a fundamental link from k to
i, but no link from k to j. Continue in this manner to evaluate all links between nodes in Nd ,
going sequentially from the smallest to the largest node in Nd . Do this for all distances d > 0.
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Figure 3: Example DAG R∗ .

We apply this algorithm to the perfect DAG R∗ in Figure 3. Condition (a) from Proposition 4 implies that all links which connect nodes of different distances to the action node are
fundamental. The remaining links are 1R∗ 2, 3R∗ 4, 3R∗ 5, 4R∗ 5, 4R∗ 6, and 5R∗ 6. Condition (b)
from Proposition 4 then implies that 4R∗ 6 and 5R∗ 6 are fundamental links, while the remaining
links are non-fundamental. The set of nodes on fundamental active paths is therefore given by
H ∗ = N ∗ \ {3}. By Proposition 3, if the agent’s subjective model includes this set of nodes, but
not node 3, then she still acts in equilibrium as if she knew the complete project, regardless of
the probability distribution p and the incentives scheme w(y).

4

Endogenous Misspecification

So far, we assumed that the agent’s subjective model R is exogenously given. However, in
many cases the principal – who designs the agent’s workplace – may be able to influence
her subjective view on the project. This can happen by hiding certain empirical regularities,
while highlighting others when describing the job to the agent. For example, in our marketer
example, the principal may emphasize to the agent that it is really important to contact as
many potential customers as possible in order to increase sales, while he does not mention the
downsides of such a strategy.
Formally, the organization of the project defines the probability distribution p and the corresponding objective model R∗ . The principal then can decide which components of the objective model the agent takes into account, potentially subject to certain informational constraints.
He chooses the subjective model R for the contract (R, w(y), p(a)) out of a set Γ. This set captures all constraints, i.e., the components of the project that the agent always takes into account
(e.g., that there are sales y), or, alternatively, components that the agent does not understand
and thus are never in her subjective model. Γ contains at least one element. If Γ = {R∗ }, the
agent is fully rational and the problem again collapses to the canonical principal-agent model.
If for some misspecified model R̂ = (N̂, R̂) we have Γ = {R̂}, the principal cannot educate
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the agent about the objective model and we are in the setting of Section 3. If Γ = {R̂, R∗ },
the principal can choose whether he wants to keep the agent’s model misspecified at R̂ or to
educate her about the objective model R∗ . Recall from our marketer example in Subsection 3.2
that there may be cases for both options: If making cold-calls decreases the firm’s reputation,
the principal prefers to keep the agent’s model misspecified when implementing high effort; if
it increases the firm’s reputation, the principal wants to inform the agent about this additional
effect of her effort on sales.
We now find the optimal equilibrium contract by identifying the optimal incentive scheme
w(y) and action p(a) combination for every given R ∈ Γ, and then picking the model-actionincentive scheme combination that maximizes the principal’s expected payoff (so that Grossman and Hart’s 1983 two-step procedure becomes a three-step procedure). For convenience,
we assume that the principal can select any subjective model R ∈ Γ without incurring further
costs. In reality, it may require extensive effort to update the agent’s model. To convince her
of certain empirical regularities, the principal may present a persuasive narrative10 , demonstrate an effect through successful test trials (Bloom et al. 2013), easy-to-understand summary
statistics (Hanna et al. 2014), or forced experimentation (Larcom et al. 2019).

5

Organization and Model Misspecification

In this section, we examine which misspecifications are robust in an organization, and how
this affects optimal workplace design. We demonstrate in a number of concrete examples that
organization and model misspecification mutually influence each other, and that in many cases
the principal strictly benefits from keeping the agent’s subjective view of the organization misspecified. Several new implications for optimal organization will emerge from this analysis.
In Subsection 5.1, the principal can choose between different production technologies. In Subsection 5.2, the principal selects between a transparent and a non-transparent structure of the
workplace. In Subsection 5.3, the principal can hire a reflective or an egocentric agent who
becomes a “narcissistic leader.” In Subsection 5.4, we study how the principal optimally implements relative performance evaluation. In Subsection 5.5, the principal chooses whether
to offer a complete or an incomplete contract. When necessary, we slightly advance the basic
model from Section 2, but the insights from Section 3 will remain valid, and we will make use
of them in many instances.
10

For example, the medical doctors of the 19th century were finally persuaded about the importance of hospital
hygiene through Louis Pasteur’s germ theory.
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Technology Choice

A crucial design feature of the agent’s workplace is the production technology. It determines
how the agent’s effort changes the distribution over outputs. In this subsection, we examine the
principal’s preferences over production technologies. We show that if the principal can keep
the agent’s model of the production function misspecified, he prefers “extreme” technologies,
in the sense that they entail both large up- and downsides. This may cause technological inertia: The principal may not want to change the production technology even if a new technology
is available that is objectively superior to the old one.

Figure 4: Principal’s preferences over production technologies

We continue the production function example from Subsection 3.2. Assume that the agent
is risk-neutral, protected by limited liability so that w(y) ≥ 0, and her outside option value is
zero. We normalize yL = 0 and treat the parameters β11 (the impact of the marketer’s effort
on the customer set) and β21 (the impact of the marketer’s effort on reputation) as technology
parameters of the marketing strategy. The other parameters we keep fixed. Suppose first that
the agent is rational. Standard arguments show that the optimal wage scheme that implements
high effort specifies w(yL ) = 0, and w(yH ) so that the IC is satisfied with equality. The agent
therefore earns an information rent, and the principal’s expected payoff from this scheme is
#
E[c | a = 1] − E[c | a = 0]
E[V | R = R ] = p(yH | a = 1) yH −
.
p(yH | a = 1) − p(yH | a = 0)
"

∗

(13)
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The principal’s expected payoff strictly increases in p(yH | a = 1). The slope of his indifference
curves in the β11 − β21 -space – how he trades-off changes in the technology with respect to
its effect on customer set and reputation – is

dβ21
dβ11

γ

−γ

0,0
= − γ1,0
, see the solid line in Figure 4
0,1 −γ0,0

(“indifference curve, objective model”). The principal’s preferences over technologies are
identical those of a social planner whose objective is to maximize the value of the project.
Next, suppose that the principal can choose the agent’s subjective model R from the set
Γ = {R̂, R∗ }, where R̂ is the misspecified model on the right of Figure 2a. That is, he can
inform the agent about the reputation component or keep her model misspecified. This causes
a kink in the principal’s preferences over technologies. Recall from Section 3.2 that at (β11 , β21 )combinations with β21 > β20 the misspecification tightens the IC. In this case, the principal
prefers R = R∗ , so that her preferences locally are the same as in the rational framework.
However, at (β11 , β21 )-combinations with β21 < β20 the principal prefers R = R̂. His expected
payoff when he implements high effort with probability α = 1 is then
"
E[V | R = R̂] = p(yH | a = 1) yH −

#
E[c | a = 1] − E[c | a = 0]
,
pR̂ (yH | a = 1; α = 1) − pR̂ (yH | a = 0; α = 1)

(14)

and the slope of the principal’s indifference curves in the β11 − β21 -space is
dβ21
γ1,0 − γ0,0
=−
1
γ0,1 − γ0,0
dβ1




p(yH | a = 1) [(βE[c|a=1]−E[c|a=0]
1 −β1 )(γ −γ )]2 

1,0
0,0
1
0
1 +
 .


yH − E[c|a=1]−E[c|a=0]
(β1 −β1 )(γ1,0 −γ0,0 )
1

(15)

0

The dashed line in Figure 4 shows the principal’s indifference curves in the β11 − β21 -space when
he can choose the agent’s subjective model. It is steeper when the agent’s model is misspecified (region II) than when it is correctly specified (region I). The kink occurs when β21 falls
below β20 . Intuitively, it occurs because, in region II, improvements in the customer set domain
reduce the information rent that the principal has to pay to the agent, while improvements in
the reputation domain do not. Hence, the principal’s preferences are distorted relative to the
rational benchmark, and no longer identical to that of the social planner.
These distorted preferences have two implications. First, the principal chooses “extreme”
production technologies. Suppose that he can select a technology (β11 , β21 ) out of a set Ξ. For
convenience, assume that all available (β11 , β21 )-combinations in Ξ roughly generate the same
effect of effort on output p(yH | a = 1). The principal then strictly prefers the technology with
the highest β11 and smallest β21 , provided that this β21 is below β20 . Intuitively, this technology
offers the most effective “narrative” to the agent of why her effort is crucial for the output. The
principal then highlights its advantage (its positive impact on the customer base), and hides its
disadvantage (its negative effect on reputation) to exploit an incentive effect.
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The second implication are technological inertia. Suppose that additional to the set Ξ there
is a new production technology (β̄11 , β̄21 ) that is superior to any element in Ξ, i.e., it offers a
higher value of p(yH | a = 1). The principal may still prefer the old, extreme technology to
(β̄11 , β̄21 ) if the advantage of the new technology is not large enough and it is more balanced in
the sense that β̄21 > β21 and β̄11 < β11 . Thus, the principal may stick to an inefficient technology.
Indeed, it has been documented that many successful firms do not adjust to technological
changes. March and Simon (1958) and Cyert and March (1963) argue that bounded rationality
may cause firms to maintain their current structure as long as performance is not abnormally
poor performance. Hannan and Freeman (1984) propose that selection tend to favor stable
organizations. Another explanation for inertia is that changes are likely to create winners and
losers within the organization (Milgrom 1988). Our explanation does not require conflicts in
the organization and is consistent with a rational principal as well as an agent who has correct
expectations on the equilibrium path.

5.2

Transparency

An important aspect of workplace design is how easily workers observe each others’ efforts,
i.e., how transparent the workplace is. Peer effects can be crucial for the success of an organization (e.g., Mas and Moretti 2009). Winter (2010) examines the interaction between incentives
and transparency among peers.11 He demonstrates that if the production function exhibits a
complementarity, transparency reduces the need to provide incentives. We build on this insight to show that transparency can also affect an agent’s beliefs and behavioral rationality.
Therefore, transparency can have advantages beyond those suggested by Winter (2010).

Figure 5a: Objective model RT∗ of the transparent organization (left) and objective model R∗NT of
the non-transparent organization (right).

Let there be two employees, the agent and the worker. Their job is to increase sales y
through marketing. The agent’s action a (online-marketing) increases the size of the customer
base; the worker’s effort e is to make cold-calls, which also has a positive effect on the cus11

Interestingly, his framework also uses graphs to model the interaction structure.
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tomer base, but a negative effect on the firm’s reputation. Both the size of the customer base
and reputation have a positive effect on sales. Some consumers become aware of the product
only if approached through multiple channels. Thus, the employees’ efforts have a complementary effect on the customer base. The principal can choose between a transparent and a
non-transparent organization. In the transparent organization, the worker observes the agent’s
action a before choosing her effort e; in the non-transparent organization, agent and worker
choose their efforts independently. We study how a misspecification in the agent’s model
changes the relative advantages of the two organizational forms.
Non-transparent Organization. If the two employees choose their efforts independently, the
objective model of the organization can be represented by model R∗NT on the right of Figure 5a
(“NT ” for “non-transparent”). Suppose the principal implements the worker effort ē. We then
can simplify the objective probability model so that it can be represented by a perfect DAG.
Write p̃(x2 | a) = p(x2 | a, ē) and p̃(x3 | x2 ) = p(x3 | ē, x2 ). The true probability distribution
over the variables x∗ = (a, x2 , x3 , y, c) is then given by
p(x∗ ) = p(a) p̃(x2 | a) p̃(x3 | x2 )p(y | x2 , x3 )p(c | a).

(16)

The model R1 at the upper-left of Figure 5b represents this factorization formula. In this
model, the reputation node 3 is not on a fundamental active path. Thus, the agent’s behavior is
independent of whether she takes the reputation component into account or not (as in model R4
of Figure 5b). The agent is behaviorally rational, regardless of whether her subjective model is
R1 or R4 . Intuitively, if the agent does not affect the worker’s action, it does not matter whether
she fully understands how her peer’s job is related to the final output.
Transparent Organization. If the worker’s effort e depends on the agent’s action a, the
objective model of the organization can be represented by model RT∗ on the right of Figure 5a
(“T ” for “transparent”). All notes from RT∗ are on fundamental active paths, so the agent is no
longer behaviorally rational if her subjective model omits one of them. Transparency thus has
an effect on the agent’s behavioral rationality.
Interestingly, different misspecifications have the same effect on incentives. Consider the
subjective models in Figure 5b. Model R1 represents the thinking of a person who ignores
others’ contribution to the final output. Model R2 displays the reasoning of an agent who
acknowledges both the contribution of the worker and the importance of reputation, but does
not understand the worker’s job sufficiently well to grasp the impact of effort e on reputation.
Model R3 is the subjective model of an agent who takes into account the contribution of the
worker, but ignores the reputation component. Finally, model R4 contains all these misspec-
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Figure 5b: Subjective model R1 (upper-left), subjective model R2 (upper-right),
subjective model R3 (lower-left), and subjective model R4 (lower-right).

ifications. Applying Propositions 3 and 4, we can show that the set of nodes on fundamental
active paths between action and outcomes is {0, 2, 4, 5} in all these models, so that the agent’s
IC is identical under all these misspecification. Thus, in this environment, it does not matter
which aspect of the principal’s project the agent does not take into account.
Given the qualitative description of the production function, these misspecifications benefit
the principle. Suppose the worker’s effort e ∈ {0, 1} increases in the agent’s action a ∈ {0, 1}
(this is the case under an optimal incentive scheme if the production function is supermodular).
If the agent’s subjective model is misspecified, she does not take into account how inspiring
the worker has a partial negative effect on sales, which relaxes the agent’s IC as in Section 3.2.
Thus, if the principal implements a transparent organization, he strictly prefers to keep the
agent’s model misspecified. Importantly, this increases the relative advantage of the transparent organization relative to the non-transparent one. There are cases where the principal would
prefer the non-transparent organization if the agent has rational expectations, but prefers the
transparent structure if he can keep her model misspecified (see the Online Appendix). In particular, a transparent structure might be strictly preferred even if the production function is not
supermodular, which is the requirement in Winter’s (2010) framework for positive incentive
effects of transparency.

5.3

Narcissistic Leadership

An important question in psychology and managerial economics is whether narcissistic leaders are good or bad for organizational performance. A narcissistic personality exhibits a pronounced sense of self-importance, egocentricity, lack of empathy, and potentially arrogant
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behaviors (Rosenthal and Pittinsky 2006). Psychologists propose that, within groups, narcissistic individuals often emerge as leaders, presumably due to their extraversion, which is
recognized as an indicator of leadership quality (e.g., Grijalva et al. 2015). Indeed, many
important politicians and managers exhibit a narcissistic personality (e.g., Watts et al. 2013).
However, many psychologists also argue that narcissistic leadership has a negative impact on
performance. Nevicka et al. (2011) find that narcissistic individuals – when they are in the
position of a leader – ask for advice too infrequently and reduce the exchange of tacit information within a group. They suggest that “[...] narcissistic leaders, with their characteristic
self-absorption and egocentrism, are biased to focus on their own information rather than to
solicit unique information from other group members” (Nevicka et al. 2011, p. 1260).

Figure 6: The objective model R∗ (solid and dashed lines) and the egocentric agent’s subjective
model R (only solid lines) in the narcissistic leadership example.

Our framework allows for an incentives-based perspective on narcissistic leadership. We
can show (a) that different features of a narcissistic personality can be traced back to the boundedly rational expectations of an egocentric individual, and (b) that the principal may have a
preference for narcissistic leadership, so that he hires an agent who exhibits such a personality. Consider the objective model R∗ in Figure 6. On the production side, it is the model RT∗
from the transparent organization from Figure 5a; on the cost side, it is the model from the
specialist manager example from Figure 2b. A reflective agent who asks the worker about her
job and colleagues about their needs at the workplace may gather enough information so that
her subjective model is given by R∗ . In contrast, an egocentric agent may ignore the worker’s
knowledge and her colleagues’ needs. Her subjective model R̂ then remains misspecified so
that it lacks the nodes {1, 3, 5} and the dashed links from R∗ in Figure 6.
Let effort be binary, a ∈ {0, 1}. Suppose that both the misspecification in the productionand cost-function relax the incentive constraint that ensures high effort; we only have to use
the specification of the production function from Subsection 5.2, and the specification of the
cost function from Subsection 3.2 (i.e., the agent’s effort has a positive impact on the two
components 4 and 5, which in turn have a positive impact on the agent’s costs). If the principal
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wishes to implement high effort, he has a strict preference to hire an agent with subjective
model R̂. In a standard setting, the IC is then be binding under the optimal equilibrium contract
with R = R̂. The egocentric agent then acts as if she exhibits a lack of empathy: She does not
take into account that effort worsens the relationship to her colleagues; otherwise, she would
choose low effort. Moreover, she exhibits a pronounced sense of self-importance. Since she
does not take into account the partially negative impact of her action on sales, she overestimates
her contribution to the final output. Both aspects are desirable from the principal’s perspective.
Note that the probability model needed to get a strict preference for an egocentric agent
indicates when we should expect narcissistic leadership. It occurs when the action that benefits
the organization the most goes against the interests of some individuals, and when the production technology has partially negative consequences for the contractible output measure.

5.4

Relative Performance Evaluation

An optimal incentive scheme may condition not only on the agent’s own performance, but also
on the performance of others. The benefit of relative performance evaluation (RPE) is that it
reduces the agent’s exposure to common risks. Moreover, in many environments, it may be the
only way to provide incentives when there exists no objective performance standard (Murphy
2001). However, an important drawback of RPE is that it encourages workers to sabotage each
other’s efforts (Lazear 1989, Gibbons and Murphy 1990) or to reduce helping and information
sharing (Drago and Garvey 1998). Labor unions are often quite hostile towards RPE. Thus,
many firms are reluctant to use it openly. We show that by using a camouflaged version of
RPE, the principal can take advantage of its positive incentive effects and avoid the downsides.
The idea is that, instead of using RPE openly, the principal uses “subjective” performance
evaluation, which appears to the agent as being related only to her effort, but in reality draws
on the performance of others.

Figure 7a: Objective model R∗ (left) and subjective model R̂ (right) in the performance evaluation
application.

To illustrate this idea, we examine a simple model of RPE. Consider the objective model R∗
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in Figure 7a. The principal benefits from two outputs, the agent’s output y1 and her colleagues’
output y2 ; these are either low or high, y1 , y2 ∈ {yL , yH }. Let z ∈ {−1, 0, 1} be the agent’s
relative performance: It is good (z = 1) if the agent’s output is larger than her colleagues’
output, neutral (z = 0) in case of a tie, and negative (z = −1) if the agent’s output is below her
colleagues’ output. The principal can condition the agent’s wage on y1 and z. The agent exerts
effort a ∈ {0, 1} and engages in sabotage e ∈ {0, 1}. Both efforts are costly. Sabotage (e = 1)
ensures that the colleagues’ output is low (y2 = yL ).
The production function is as follows. The agent’s effort a directly affects operational
efficiency x1 ∈ {0, 1}, p(x1 = 1 | a) = β1a . With probability b there is a common shock that
reduces the two outputs to yL (this shock is not a node in R∗ but incorporated through the links
0R∗ 3 and 2R∗ 3). The agent’s output y1 is high with probability 1 if and only if x1 = 1 and there
is no common shock; otherwise, it is low. Her colleagues’ output y2 is high with probability
β2 ∈ (0, 1) if and only if there is no sabotage and no common shock; otherwise, it is low.12
Consider first the optimal incentive scheme w(y1 , z) when the agent knows the objective
model R∗ and sabotage is not available. Standard arguments then show that the optimal incentive scheme which implements high effort, w∗ (y1 , z), uses RPE (see the Online Appendix).
When output y1 is high, the agent’s wage is independent of z, w∗ (yH , 1) = w∗ (yH , 0). However,
if it is low, the agent’s wage decreases in her colleagues’ output, w∗ (yL , 0) > w∗ (yL , −1); if both
outputs are low, this indicates a common shock, in which case the punishment for low output
is reduced. Naturally, this gives the agent an incentive to sabotage her colleagues’ output. If
sabotage is available to the agent and the costs of sabotage are small enough, w∗ (y1 , z) is no
longer the optimal incentive scheme.
Next, assume that the principal can convince the agent that no relative performance evaluation takes place in the organization (“it does not fit our team culture”). Instead, there is a
“subjective” evaluation of the agent’s performance by an independent third party. The agent’s
pay can be tied to this evaluation. The corresponding subjective model is R̂ in Figure 7a. The
agent perceives the performance evaluation z as being correlated with operational efficiency x1
and her output y1 . Sabotage is perceived as worthless since it has no direct effect on x1 .
We show that if the agent’s subjective model is given by R̂, then w∗ (y1 , z) is again the optimal incentive scheme that implements high effort. For this, we only need arguments from
our Bayesian network methodology. If we fix e = 0, the true probability distribution factorizes
according to model R[1] in Figure 7b. By Proposition 2, R[1] is equivalent to model R[2] in
Figure 7b, in which the colleagues’ output has no effect on any of the other variables. Thus,
Thus, the probability model is p(x1 = 1 | a) = β1a , p(y2 = yH | e = 0) = (1 − b)β2 , p(y2 = yH | e = 1) = 0,
2
)
p(y1 = yH | x1 = 1, y2 = yH , e = 0) = 1, p(y1 = yH | x1 = 1, y2 = yL , e = 0) = (1−b)(1−β
, p(y1 = yH | x1 =
(1−β2 )+bβ2
0, y2 , e) = 0, p(y1 = yH | x1 = 1, y2 , e = 1) = 1 − b. Note that the link between y1 and y2 captures the correlation
between the two outputs induced by the common shock.
12
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Figure 7b: Model R[1] (left) and model R[2] (right).

the agent with subjective model R̂ is behaviorally rational, provided that we keep e = 0 fixed.
Consequently, w∗ (y1 , z) is optimal if the principal wants to implement high effort. In the corresponding personal equilibrium, the agent believes that the evaluation is related to operational
efficiency (more precisely, z is not independent from x1 conditional on y1 ), while in the objective model z is independent from x1 conditional on the two outputs y1 and y2 . Incentives appear
to the agent as being provided through subjective performance evaluation where the evaluator
receives a private, noisy signal of her performance (as in Levin 2003).
The implication of this result is that RPE is more common than suggested by theory. In
particular, its camouflaged version could also be applied in environments in which open RPE
would have negative consequences for employees’ collaboration. Thus, some applications of
RPE are potentially hard to detect empirically since organizations are inclined to hide it.

5.5

Contract Design

An important question in contract theory is on which information the principal should condition the agent’s wage. Holmström’s (1979) sufficient statistic result states that all variables
that are informative about the agent’s effort should be used in the contract. In contrast, many
real-world contracts appear as being incomplete relative to this benchmark. We show that there
can be a trade-off between using more information in the contract and taking advantage of the
agent’s misspecification.
Consider the objective model R∗ in Figure 8. The agent’s job is to increase output y. To
increase output, she has to increase operational efficiency x1 , which requires her to reprimand
her subordinates from time to time. This in turn has a negative effect on employees’ morale in
the organization x2 . Morale has a positive effect on sales y, and a negative effect on turnover
in the organization z. Both output y and turnover z are contractible. The principal’s payoff is
independent of z. If the principal conditions the agent’s wage on both output y and turnover z,
the agent takes her subordinates’ mood into account when making decisions so that her model
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Figure 8: Objective model R∗ (left) and the agent’s subjective model R̂ (right) in the contractual
completeness application.

equals R∗ .13 Alternatively, the principal can keep the agent’s model misspecified so that she
ignores the effect of her effort on workers’ morale. Her subjective model is then given by R̂ in
Figure 8. In this case, the principal can condition the agent’s wage only on output y.
To study the optimal equilibrium contract, we again use the setup from the production
function example from Section 3.2 with binary effort a ∈ {0, 1}, p(xi = 1 | a) = βia and
p(yH | x1 , x2 ) = γ x1 ,x2 ; in line with the story, we have β11 > β10 , β21 < β20 , and γ x1 ,x2 increases in
both arguments. Turnover is high or low, z ∈ {zH , zL }, and we denote p(zH | x2 ) = ξ x2 ∈ (0, 1).
Suppose the principal wishes to implement high effort. If she conditions the agent’s wage
on turnover z, the agent’s model becomes R∗ . The optimal incentive scheme w∗ (y, z) is then
characterized by the first-order condition
"
#
1
p(y, z | a = 0)
=λ+µ 1−
,
u0 (w(y, z))
p(y, z | a = 1)

(17)

where λ and µ are positive constants. If ξ1 , ξ0 , turnover z is informative about the agent’s
action so that indeed w∗ (y, z) varies in z. Next, suppose the principal keeps the agent’s model
misspecified so that the wage only varies in output y. The optimal incentive scheme w∗ (y) is
then characterized by the first-order condition
"
#
pR̂ (y | a = 0; α = 1)
1
= λ̂ + µ̂ 1 −
,
u0 (w(y))
pR̂ (y | a = 1; α = 1)

(18)

where λ̂ and µ̂ are again positive constants. As in the marketer example, the IC is relaxed
relative to the rational agent benchmark if the agent’s model is misspecified. Thus, there is a
trade-off between using more information and exploiting the agent’s misspecification. If the
informational content of turnover z is sufficiently small, i.e., if, all else equal, ξ0 is close enough
to ξ1 , the optimal contract is (R̂, w∗ (y), a = 1) so that it keeps the agent’s model misspecified.
13

Friebel et al. (2018) study such a case in a field-experiment with a large retail-chain.
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In contrast, if the the importance of morale on final output small enough, i.e., if, all else equal,
γ x1 ,0 is close enough to γ x1 ,1 for x1 ∈ {0, 1}, the optimal contract is (R∗ , w∗ (y, z), a = 1) and
conditions on both output measures.
Auster (2013) captures a similar trade-off in a model with unawareness. In her framework,
the agent is unaware of some outcomes y0 ∈ Y. The principal’s benefit from keeping the
agent unaware of outcome y0 is that he can then lower the wage w(y0 ) without affecting the
participation constraint. The cost of not mentioning y0 in the contract is that the information
generated through y0 cannot be used to tie the agent’s wage to her effort. Thus, we show that a
very similar trade-off can occur even when the agent is aware of all potential outcomes.

5.6

Further Applications

There exist many other design aspects of organizations that potentially matter for the agent’s
subjective model. For example, one further important aspect is the allocation of decision rights
(e.g., Aghion and Tirole 1997). If information is dispersed in the organization, the extent to
which this information is gathered or shared depends on which party has the formal authority to
make binding decisions. There may exist a variety of opportunities to profitably keep another
party’s subjective model of the organization misspecified. In the Online Appendix, we offer
an example. We adjust our framework so that it captures an incomplete contracting model
in which the allocation of decision rights affects the agent’s beliefs. Another design aspect
becomes relevant when the principal does not exactly know the agent’s subjective model. The
question is then how he screens between different agent types who differ in their subjective
model. In the Online Appendix, we consider a simple screening setting and generalize an
important comparative static result from von Thadden and Zhao (2012) to our framework.

6

Conclusion

In this paper, we analyzed optimal contracting and organization when the agent has a misspecified model of the principal’s project. To capture model misspecifications in a parsimonious
manner, we applied Spiegler’s (2016) Bayesian network framework to some classic settings
in organizational economics. If the agent’s subjective model can be represented by a perfect
directed acyclic graph, she avoids neglect of correlation and has correct expectations on the
equilibrium path. However, through the misspecification, the agent may incorrectly extrapolate how off-equilibrium actions map into outcomes, which affects the incentive compatibility
constraint. Thus, the principal can strictly benefit from the agent’s misperception, while the
agent’s model is validated by the data that she collects in equilibrium. Using results from the
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Bayesian network literature, we characterized which misspecifications change the contracting
problem, and under which circumstances different misperceptions have the same effect on the
agent’s incentives. We endogenized the misspecification in the agent’s model by assuming that
the principal can partially pick the project components that the agent (does not) take into account. This established a link between the organization of the agent’s project and her subjective
beliefs. Specifically, we showed that the option to keep the agent’s model misspecified may
result in technological inertia, workplace transparency, narcissistic leadership, camouflaged
relative performance evaluation, and incomplete contracts.
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A.1

Online Appendix
Existence of a Personal Equilibrium

We show that a personal equilibrium exists at any R and w(y) ∈ W. Note that ∆(A) is nonempty, compact, and convex. Define the best-response correspondence BR : ∆(A) → ∆(A)
by
BR(p(a)) = arg 0 max
0

p (a )∈∆(A)

XXX
a0 ∈A

p0 (a0 )pR (y, c | a0 ; p(a))(u(w(y)) − c).

(19)

y∈Y c∈C

For every p(a) ∈ ∆(A) we have that BR(p(a)) is non-empty and convex. The latter statement follows since any convex combination of pure actions that are optimal for the agent
is an element of BR(p(a)). Definition 1 and the factorization formula in (2) imply that the
agent’s beliefs pR (y, c | a0 ; p(a)) are continuous in p(a). Therefore, we also must have that
P
P P
0 0
0
a0 ∈A
y∈Y
c∈C p (a )pR (y, c | a ; p(a))(u(w(y)) − c) is continuous in p(a). Hence, BR(p(a)) is
upper hemi-continuous. The existence of a personal equilibrium then follows from Kakutani’s
theorem.

A.2

Mathematical Details of Subsection 3.2

We derive pR (y = 1 | a; α) from the agent’s subjective model R and the objective probability
distribution. The equilibrium definition implies that pR (x1 | a; α) = p(x1 | a). So it remains to
derive pR (y | x1 ; α). Note that
pR (x2 = 1 | x1 = 1; α) =
pR (x2 = 1 | x1 = 0; α) =

αβ11 β21 + (1 − α)β10 β20

,
αβ11 + (1 − α)β10
α(1 − β11 )β21 + (1 − α)(1 − β10 )β20
α(1 − β11 ) + (1 − α)(1 − β10 )

.

With this we can calculate the equilibrium probability that the high output yH realizes given
that x1 = 1 and x1 = 0, respectively:
pR (yH | x1 = 1; α) =

αβ11 β21 + (1 − α)β10 β20
αβ11 + (1 − α)β10

γ1,1 + 1 −

αβ11 β21 + (1 − α)β10 β20
αβ11 + (1 − α)β10

!
γ1,0

and
pR (yH | x1 = 0; α) =

α(1 − β11 )β21 + (1 − α)(1 − β10 )β20
α(1 − β11 ) + (1 − α)(1 − β10 )

γ0,1 + 1 −

α(1 − β11 )β21 + (1 − α)(1 − β10 )β20
α(1 − β11 ) + (1 − α)(1 − β10 )

!
γ0,0 .
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Thus, we get
pR (yH | a = 1; α) =

β11

γ1,0 +

αβ11 β21 + (1 − α)β10 β20

!
(γ1,1 − γ1,0 )

αβ11 + (1 − α)β10
!
α(1 − β11 )β21 + (1 − α)(1 − β10 )β20
1
(γ0,1 − γ0,0 )
+(1 − β1 ) γ0,0 +
α(1 − β11 ) + (1 − α)(1 − β10 )

and
pR (yH | a = 0; α) =

β10

γ1,0 +

αβ11 β21 + (1 − α)β10 β20

!
(γ1,1 − γ1,0 )

αβ11 + (1 − α)β10
!
α(1 − β11 )β21 + (1 − α)(1 − β10 )β20
1
(γ0,1 − γ0,0 ) .
+(1 − β0 ) γ0,0 +
α(1 − β11 ) + (1 − α)(1 − β10 )

We now can use these terms to compute the incentive compatibility constraint IC.

A.3

Mathematical Details of Subsection 3.3

We examine the setting for the misspecification in the production function example from Section 3.2. Consider the first term from the IC,
∆(α) = pR (yH | a = 1; α) − pR (yH | a = 0; α).

(20)

If ∆(α) weakly increases in α, the IC is relaxed so that the principal can implement a higher
probability of effort without changing incentives. If ∆(α) weakly increases in α at all α ∈ [0, 1],
there is an optimal equilibrium contract that implements a pure action, α = 0 or α = 1. From
equation (5) we get that ∆0 (α) ≥ 0 at all α ∈ [0, 1] if
β10 β11 (β21 − β20 )

(1 − β10 )(1 − β11 )(β21 − β20 )
(γ
−
γ
)
−
(γ0,1 − γ0,0 ) ≥ 0
1,1
1,0
[αβ11 + (1 − α)β10 ]2
[α(1 − β11 ) + (1 − α)(1 − β10 )]2

(21)

at all α ∈ [0, 1]. This condition is satisfied, for example, if β21 < β20 and β10 = 0 or if β21 > β20
and γ1,1 − γ1,0 is large enough relative to γ0,1 − γ0,0 .

A.4

Proof of Proposition 3 and 4

We first prove Proposition 4 and then Proposition 3. To this end, we prove several intermediate
results. We first note that in a perfect DAG R∗ the link iR∗ j is fundamental if the nodes i and j
differ in their distance to the action node 0.
Lemma 1. Let i, j ∈ N ∗ be adjacent nodes in R∗ . If d(0, i) = d(0, j) − 1, then iE j.
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Proof. First, suppose d(0, i) = 0 so that i = 0. Since node 0 is ancestral, we must have iG j
in every DAG G ∈ E. Next, suppose d(0, i) = d > 0. Since R∗ is perfect and node 0 is
ancestral, there exists an active path of length d from node 0 to node i. Denote by k the direct
ancestor of i on this path. There cannot exist a link between k and j, otherwise we would have
d(0, i) = d(0, k), a contradiction. Thus, we must have iGk in every DAG G ∈ E, otherwise we
would have a v-collider at node i.



Lemma 2. Let i, j ∈ N ∗ and iR∗ j. If there exists a node k ∈ N ∗ such that kEi and k < R∗ ( j),
then iE j.
Proof. If there is a fundamental link from node k to node i, then iR∗ j implies that we cannot
have jR∗ k. Otherwise, we would have a directed cycle. Node j and node k are therefore not
adjacent. Hence, if jGi in some DAG G ∈ E, there would be a v-collider at i, a contradiction.

The “if”-statement of Proposition 4 follows directly from Lemma 1 and Lemma 2. For the
“only if”-statement we need two more results. The first one provides a condition under which
a link is not fundamental.
Lemma 3. Let i, j ∈ N ∗ \ {0} and iR∗ j. If R∗ (i) ⊂ R∗ ( j), then the link between i and j is not
fundamental.
Proof. Consider the DAG G = (G, N ∗ ) that is identical to R∗ except that it reverses the link
between i and j. The assumption R∗ (i) ⊂ R∗ ( j) rules out that there are v-colliders in G. Assume
that there is a cycle in G. Since R∗ is acyclic, the cycle must contain jGi. Further, there must
exists a node k and a link kG j which is part of the cycle. Since R∗ is perfect, we must have
kR̃∗ i. Assume first that we have kR∗ i. Then jGi implies that kGi is not part of the cycle. Thus,
there must exist an active path τ of some length d so that τ0 = i and τd = k. But then there
is a cycle consisting of the link kGi and τ. This cycle also exists in R∗ , a contradiction. Next,
assume that we have iR∗ k. Since i , 0 and R∗ (i) ⊂ R∗ ( j), there exists a node l with lR∗ i and
lR∗ j. Since R∗ is perfect, we also must have lR̃∗ k. The same applies to all l0 ∈ R∗ (i). Hence,
starting from R∗ , we can reverse the links between i and j as well as between i and k and obtain
a DAG G0 ∈ E.



The second result for the proof of the “only if”-statement of Proposition 4 demonstrates
that for each node i in a perfect DAG R∗ there exists a DAG G ∈ E in which there is no
non-fundamental link that points to i.
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Lemma 4. For all nodes i ∈ N ∗ there exists a DAG G ∈ E in which all non-fundamental links
adjacent to node i point away from i.
Proof. Let Nd be the set of nodes that have distance d > 0 to the action node 0. Denote by
Nd[κ] , κ = 1, 2, ..., the maximal subset of nodes that (i) are at distance d > 0 from the action
node 0 and (ii) are connected through non-fundamental links (i.e., for any two nodes i, j ∈ Nd[κ]
there exists a path between i and j consisting of non-fundamental links). Step 1. We show
that all nodes in a given set Nd[κ] have the same parents outside of Nd[κ] . Consider two nodes
i, j ∈ Nd[κ] that are connected through the non-fundamental link iR∗ j. By definition kEi for
each k ∈ R∗ (i) \ Nd[κ] for each i ∈ Nd[κ] . Since R∗ is perfect, this implies that R∗ ( j) \ Nd[κ] ⊂
R∗ (i) \ Nd[κ] . Since iR∗ j is non-fundamental, we also must have R∗ (i) \ Nd[κ] ⊂ R∗ ( j) \ Nd[κ] so
that R∗ (i) \ Nd[κ] = R∗ ( j) \ Nd[κ] . The result follows from the fact that, by assumption, all nodes
in Nd[κ] are connected through non-fundamental links. Step 2. Consider two links i ∈ Nd[κ] and
0

i0 ∈ Nd[κ ] with κ , κ0 that are adjacent. Assume w.l.o.g. that iR∗ i0 . By definition, iR∗ i0 is a
0

fundamental link. Step 1 then implies that iE j0 for all j0 ∈ Nd[κ ] . Thus, there cannot exist nodes
0

j ∈ Nd[κ] and j0 ∈ Nd[κ ] so that j0 R∗ j. Otherwise, we would have j0 E j and j0 Ei for all i ∈ Nd[κ] ,
0

a contradiction. Thus, there cannot exist nodes i, j ∈ Nd[κ] and i0 , j0 ∈ Nd[κ ] such that iR∗ i0 and
j0 R∗ j. Step 3. Note that, since R∗ is perfect, by Lemma 1 all links between Nd and Nd+1 point
away from the nodes in Nd . Step 4. We now can prove Lemma 4. Take any node i ∈ N ∗ and
assume w.l.o.g. that i ∈ Nd[κ] . Consider the DAG G[κ] = (Nd[κ] , G[κ] ) where G[κ] is identical to
R∗ restricted on Nd[κ] . Since R∗ is perfect, G[κ] also must be perfect. Corollary 1 from Spiegler
(2017b) implies that there exists a DAG Q[κ] in which node i is ancestral and that is equivalent
to G[κ] . Choose such a Q[κ] and replace G[κ] in the original DAG R∗ by Q[κ] . Call the resulting
DAG Q∗ . Step 1 implies that there are no v-colliders in Q∗ , and Step 2 and 3 imply that there
are no cycles in Q∗ , which proves the result.



Proof of Proposition 4. The “if”-statement follows from Lemma 1 and Lemma 2. We prove
the “only if”-statement. Consider any two adjacent nodes i, j ∈ N ∗ with iR∗ jand d(0, i) =
d(0, j). Suppose that for any node k ∈ R∗ (i) with a fundamental link kR∗ i we also have k ∈
R∗ ( j). By Lemma 4, we can find a DAG G ∈ E in which all non-fundamental links are turned
away from node i. In this DAG, we have G(i) ⊂ G( j). From Lemma 3 it then follows that the
link iR∗ j is not fundamental. This completes the proof.



Before we can prove Proposition 3, we need two more results. We will use the following
definitions. A path τ of length d is directed if for any h ∈ {1, ..., d} we have τh−1 Rτh on this
path. For any DAG, the topological ordering is a sequence of nodes such that every link is
directed from an earlier to a later node in the sequence.

Equilibrium Contracts and Boundedly Rational Expectations

40

Lemma 5. Let M ⊂ N ∗ \ H ∗ be a set of nodes connected through non-fundamental links.
Suppose there are two nodes i, j ∈ H ∗ with non-fundamental links to nodes in M. Then i and j
are adjacent.
Proof. Assume w.l.o.g. that i, j are on a fundamental active path between 0 and n (the argument for n + 1 is identical). As in the proof of Lemma 4, let Nd be the set of nodes that have
distance d > 0 to the action node 0. Let E(i) be the set of nodes k with kEi. By Lemma 1, there
is a d > 0 so that i, j ∈ Nd and M ⊂ Nd . By Lemma 2, we must have E(i) = E( j) since these
nodes are connected through non-fundamental links. Choose any node k ∈ Nd−1 with k ∈ H ∗
and kR∗ i. By Lemma 2, we also have kR∗ j. We can now choose two fundamental active paths
τ[i] , τ[ j] from node 0 to node n so that (i) k ∈ τ[i] and k ∈ τ[ j] , (ii) i ∈ τ[i] and j ∈ τ[ j] , (iii) all
nodes on τ[i] and τ[ j] before k are identical, and (iv) there is not any node on τ[i] (τ[ j] ) between
[ j]
k and i (k and j). Since i, j ∈ H ∗ this is possible. Now define by m[i]
1 (m1 ) the last node on
[ j]
[i]
[ j]
τ[i] (τ[ j] ) before node n; by m[i]
2 (m2 ) the penultimate node on τ (τ ) before node n, and so
[ j]
[ j]
[i]
forth. Since R∗ is perfect, m[i]
1 and m1 must be adjacent. Since m1 and m1 are adjacent and
[ j]
R∗ is perfect, m[i]
2 and m2 must be adjacent, and so forth. If nodes i and j are both the t’th

node from n in τ[i] (τ[ j] ), we are done. Assume that this is not the case, and that w.l.o.g. node
i is the t’th node from n while node j is the t0 ’th node from n, with t0 > t. Then i is adjacent
to mt[ j] , and also to all nodes on τ[ j] between m[t j] and j (including j) through non-fundamental
links, otherwise there would be a contradiction to E(i) = E( j).



The next result is crucial for the proof of Proposition 3. It shows that all nodes that are not
on a fundamental active path between action and outcome nodes can be made “unimportant”
in the sense that they have no impact on outcomes. Formally, this means that we can find a
DAG in E in which all links between one node in H ∗ and one node in N ∗ \ H ∗ point towards
the node in N ∗ \ H ∗ .
Lemma 6. There exists a DAG G∗ ∈ E such that in G∗ all links with one end in H ∗ and the
other in N ∗ \ H ∗ point from H ∗ to N ∗ \ H ∗ .
Proof. The proof proceeds by steps. Step 1. Consider any maximal set M ⊂ N ∗ \ H ∗ of
nodes connected through non-fundamental links and let M + ⊂ H ∗ be the set of nodes that have
non-fundamental links to nodes in M. By Lemma 1, there is a d > 0 so that M, M + ⊂ Nd .
Denote by M ++ the set of nodes in Nd ∩ H ∗ with fundamental links into M. Since the nodes
in M are connected through non-fundamental links, there is a fundamental link from any node
i ∈ M ++ to any node in M. Thus, any node in M ++ must also be adjacent to any node in M + , so
M + ∪ M ++ is a clique. Step 2. Consider the DAG Ḡ = (N, Ḡ), where N = M ∪ M + ∪ M ++ and
Ḡ is identical to R∗ restricted on N. By construction, this DAG is perfect. Hence, Corollary
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1 from Spiegler (2017b) implies that there exists a DAG Ḡ+ in which the clique M + ∪ M ++ is
ancestral and that is equivalent to Ḡ. We choose such a Ḡ+ with the property that the ordering
of the nodes in M + ∪ M ++ is the same as in Ḡ (this is possible since M + ∪ M ++ is a clique, and
all links between nodes M + ∪ M ++ and nodes in M point towards the latter one). Consider now
the DAG G that is identical to R∗ except that Ḡ is replaced by Ḡ+ . We show that there are no
cycles or v-colliders in G so that it is equivalent to R∗ . Consider any node i ∈ Nd−1 ∪ Nd that is
outside M ∪ M + ∪ M ++ and that has a fundamental link into a node in M. Since the nodes in M
are connected through non-fundamental links, node i has a fundamental link into every node
in M (otherwise, i would belong to M, a contradiction). This rules out v-colliders. Any link
between a node in Nd and a node in Nd+1 points into the latter one. Hence, by construction,
there cannot be cycles or v-colliders in G. We obtain G∗ by performing the same changes for
any maximal set M ⊂ N ∗ \ H ∗ of nodes connected by non-fundamental links in R∗ .



Proof of Proposition 3. First, we show the “if”-statement. Assume that the agent’s subjective
DAG R is aware of all the nodes in H ∗ . Consider the DAG G∗ ∈ E in which all links with one
end in H ∗ and the other in N ∗ \ H ∗ point from H ∗ to N ∗ \ H ∗ . By Lemma 6, this DAG exists.
From Proposition 2 it follows that pG∗ (xH∗ ) = p(xH∗ ) for all distributions p ∈ ∆(X). Consider
the subgraph G = (G, N) where G equals G∗ restricted on N. Since none of the nodes in N \ H ∗
impacts on any node in H ∗ , we have pG (xH∗ ) = pG∗ (xH∗ ) for all p ∈ ∆(X). By construction,
the DAGs R and G are equivalent so that we have pR (xH∗ ) = pG (xH∗ ) = pG∗ (xH∗ ) = p(xH∗ )
for all distributions p ∈ ∆(X), which proves the “if”-statement. Next, we show the “only if”statement. Assume that there is one node i ∈ H ∗ that is not in the agent’s subjective model.
Assume w.l.o.g. that i is on a fundamental active path τ between the action node 0 and the
output node n. We find a probability distribution p ∈ ∆(X) so that pR (xn | x0 ) , p(xn | x0 ).
Let k be the k’th node in τ. Consider a probability distribution with the following properties:
p(x j | xR∗ ( j) ) = p(x j ) for all nodes j < τ that are between the nodes 0 and n, and p(xk | xR∗ (k) ) =
p(xk | xk−1 ). Clearly, such a distribution can have the desired property.

A.5



Imperfect Objective DAGs

Proposition 3 characterizes for perfect objective DAGs R∗ which nodes must be in the agent’s
subjective model R so that the agent is behaviorally rational. We can partially extend Proposition 3 to imperfect objective DAGs R∗ . Note that one can make any imperfect DAG perfect by
adding links between nodes that create v-colliders. If p is consistent with R∗ , it is consistent
with any DAG that adds links to R∗ . If all added links disappear after taking out the nodes of
interest, we can again use Proposition 3 to determine whether the agent is behaviorally rational
under her subjective DAG R.
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We state this result formally. Let an imperfect DAG R∗ and the agent’s subjective DAG
R be given. Define by Rm∗ (N) a perfect DAG that is identical to R∗ except that it contains
additional links which have at least one end in the set of nodes N ∗ \ N. By construction, these
links are not in the subjective DAG R. We then define
Hm∗ (N) = {i ∈ N ∗ | i is part of a fundamental active path between 0 and n or n + 1 in Rm∗ (N)}.
From Proposition 3 we immediately get that the agent is behaviorally rational if and only if N
contains Hm∗ (N). Thus, we get the following result.
Corollary 3. Let R∗ = (N ∗ , R∗ ) be the (possibly imperfect) objective DAG and R = (N, R) the
agent’s subjective DAG with N ⊆ N ∗ . Suppose there exists a perfect DAG Rm∗ (N) = (N ∗ , R∗m (N))
where R∗m (N) differs from R∗ only in that R∗m (N) contains additional links with at least one end
in N ∗ \ N. Then the agent is behaviorally rational if and only if her subjective DAG R contains
all nodes from Hm∗ (N).
We illustrate this result with our example from Section 3.2. Consider the objective DAG
R∗ and the subjective DAG R from Figure 2a. R∗ is imperfect since it has a v-collider at node
3, so we cannot apply Proposition 3. We can make R∗ perfect by adding a link from node 1 to
node 2. This new DAG has the properties requested by the corollary, i.e., if we take out node 2,
the additional link disappears and we again have the agent’s subjective DAG R. Now observe
that in Rm∗ (N) node 2 is on a fundamental active path between the action and the output node.
Thus, the agent with subjective DAG R is not behaviorally rational.

A.6

Justifiability

In our framework, the agent has a fully specified model that makes predictions about outcomes
for all actions a ∈ A. A natural question is then whether the optimal equilibrium contract is
also optimal for the principal when evaluated from the agent’s (potentially biased) perspective.
If according to her subjective beliefs the principal should have offered an alternative contract,
the agent may suspect that her subjective model R is not correct. This refinement is called
“justifiability.” It has first been defined in the unawareness literature, see Filiz-Ozbay (2012)
and Heifetz et al. (2013). We can easily adapt it to our framework. The following definition
captures “justifiability” and “partial justifiability” as additional refinements.
Definition 6. An equilibrium contract (R, w∗ (y), p∗ (a)) is justifiable if w∗ (y), p∗ (a) is a solution
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to the maximization problem
XX

max

w(y)∈W,p(a)∈∆(A)

p(a)pR (y | a; p∗ (a))(y − w(y))

a∈A y∈Y

subject to the constraints that for all a in the support of p(a)
a ∈ arg max

XX

pR (y, c | a; p∗ (a))(u(w(y)) − c),

y∈Y c∈C

XXX

p(a)pR (y, c | a; p∗ (a))(u(w(y)) − c) ≥ Ū.

a∈A y∈Y c∈C

An equilibrium contract (R, w∗ (y), p∗ (a)) is partially justifiable if w∗ (y) is a solution to this
maximization problem when p(a) = p∗ (a) is given.
An equilibrium contract (R, w(y), p(a)) is justifiable if the choice of incentive scheme w(y)
and implemented action p(a) maximizes the principal’s expected payoff when evaluated according to the agent’s beliefs pR (y, c | a; p(a)). This contract is partially justifiable if at least
the incentive scheme w(y) maximizes the principal’s expected payoff, when evaluated according to the agent’s beliefs, given that the principal wants to implemented action p(a).
The optimality of an equilibrium contract can guarantee partial justifiability. Observe that
the principal’s maximization problem in (3) and the maximization problem in definition above
are identical when R is perfect and we take the agent’s subjective model R as well as the
implemented action a∗ as given. In this case, both the optimal equilibrium contract and the
contract that is optimal according to the agent’s beliefs are identical: both are defined by the
objective equilibrium probabilities p(y | a∗ ) in the principal’s objective function and the agent’s
beliefs pR (y, c | a; a∗ ) in the incentive compatibility and participation constraint.
To prove justifiability we have to rule out that, according to the agent’s beliefs, the principal
can benefit by implementing a different action. We can show that for several important special cases – namely, binary action and output sets – the optimality of an equilibrium contract
implies justifiability. The next proposition summarizes our findings.
Proposition 5 (Justifiability). Let (R, w∗ (y), a∗ ) be an optimal equilibrium contract that implements a pure action a∗ and let R be perfect. Then the following holds:
(a) This contract is partially justifiable.
(b) Suppose that A is a binary set and the principal strictly prefers (R, w∗ (y), a∗ ) to the
optimal contract under the objective model R∗ . If R has a misspecification only in the
cost function, or if R has a misspecification only in the production function and Y is a
binary set, then this contract is justifiable.
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Proof. Statement (i) is proven by the arguments provided above. We prove statement (ii).
Assume first that R has a misspecification only in the cost function. We denote A = {0, 1} with
the usual interpretation. Since R is perfect and the principal strictly prefers (R, w∗ (y), p∗ (a)) to
the optimal contract under the objective model R∗ , the equilibrium action is a∗ = 1. We show
that from the agent’s perspective the principal cannot gain by implementing a = 0. By the
principal’s preference, incentive compatibility must be relaxed so that we have
X

pR (c | a = 0; a∗ )c >

c∈C

X

p(c | a = 0)c.

(22)

c∈C

We therefore have
X

pR (y | a = 1; a∗ )(y − w∗ (y)) =

X

>

X

>

X

y∈Y

p(y | a = 1)(y − w∗ (y))

y∈Y

X
p(y | a = 0)(y − u−1 (
p(c | a = 0) + Ū))

y∈Y

c∈C

X
p(y | a = 0)(y − u (
pR (c | a = 0; a∗ ) + Ū)),
−1

y∈Y

c∈C

which proves the result. Next, assume that R has a misspecification only in the production
function and Y is a binary set. We denote Y = {0, 1} with the usual interpretation. Since R
is perfect and he principal strictly prefers (R, w∗ (y), p∗ (a)) to the optimal contract under the
objective model R∗ , the equilibrium action is a∗ = 1 and w∗1 > w∗0 . Again, we show that from
the agent’s perspective the principal cannot gain by implementing a = 0. Denote by w̄ the fixed
wage that implements a = 0 at lowest costs (there is only a misspecification in the production
function, so this value is the same under R and R∗ ). The misspecification relaxes incentive
compatibility. Since Y is binary we have p(y = 1 | a = 0) > pR (y = 1 | a = 0; a∗ ). We
therefore get
X

pR (y | a = 1; a∗ )(y − w∗ (y)) =

X

>

X

y∈Y

p(y | a = 1)(y − w∗ (y))

y∈Y

p(y | a = 0)(y − w̄)

y∈Y

>

X

pR (y | a = 0; a∗ )(y − w̄),

y∈Y

which proves the result. This completes the proof of statement (ii).
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Mathematical Details of Subsection 5.2

Since the worker’s action is part of the probability model, we have to extend the definition of
the equilibrium contract from Section 2. We first present this updated definition and then show
by example that a misspecification in the agent’s model may cause the principal to implement
a transparent instead of a non-transparent organization.
Extended Equilibrium Contract. In the non-transparent organization, an extended contract
{p(e), w̄(y), (R, w(y), p(a))} is an extended equilibrium contract if (i) effort p(e) is optimal for
the worker given the agent’s action p(a) and her wage w̄(y), and (ii) p(a) is a personal equilibrium at R and w(y), given that the worker exerts effort p(e). For the transparent setting, we
only have to replace p(e) by p(e | a) in this definition.
Example. We define the probability model. The agent chooses action a ∈ {0, 1} and the worker
chooses effort e ∈ {0, 1}. The set of customers can be small or large, x2 ∈ {0, 1}; the firm’s
reputation can be bad or good, x3 ∈ {0, 1}; sales can be low or high, y ∈ {0, 1}; costs can be
low or high c ∈ {0, 1}. For convenience, we abbreviate cA = E[c | a = 1] − E[c | a = 0]
and cE = E[c | e = 1] − E[c | e = 0]. Agent and worker are risk-neutral, protected by
limited liability, and the value of their outside option is Ū = 0. Let w(y) (w̄(y)) be the agent’s
(worker’s) wage after outcome y.
Both customer base and reputation have a positive influence on sales, p(y = 1 | x2 , x3 ) =
β24 x2 + β34 x3 . The agent’s action and the worker’s effort have a complementary effect on the
customer base, p(x2 = 1 | a, e) = β012 (a + 1)(e + 1). Making cold-calls has a negative effect
on firm reputation and the customer base has a positive effect on firm reputation, so we have
p(x3 = 1 | e, x2 ) = β3 − β13 e + β23 x2 . The worker always acts optimally given the incentives
provided and the agent’s equilibrium action (in case of a tie, agent 2 exerts high effort).
Suppose that the principal chooses a transparent structure and keeps the agent’s model
misspecified at R13 . Assume that in equilibrium the agent chooses action a = 1 with probability
p(a = 1) = α. From the factorization formula we then get
pR13 (y = 1 | a; α) =

X

XX

p(x2 | a)

x2 ∈X2

where
p(e | x2 ) = P

p(e | x2 )p(x3 | e, x2 )p(y = 1 | x2 , x3 ),

(23)

e∈X1 x3 ∈X3

P

p(a0 )p(e | a0 )p(x2 | a0 , e)
.
0
0
0
a0 ∈A p(a )p(e | a )p(x2 | a , e)

a0 ∈A

P
e∈X1

(24)

Suppose that the worker exerts effort if and only the agent chooses action a = 1, i.e., p(e | a) =
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a. Using equation (24) we can calculate
α4β012
α4β012 + (1 − α)β012

(25)

α(1 − 4β012 )
.
α(1 − 4β012 ) + (1 − α)(1 − β012 )

(26)

p(e = 1 | x2 = 1) =
and
p(e = 1 | x2 = 0) =
Using the factorization in (23) we get

pR13 (y = 1 | a; α) = (β012 + 3aβ012 )[β24 + (β3 + β23 )β34 − β13 β34 p(e = 1 | x2 = 1)]
+(1 − β012 − 3aβ012 )[β3 β34 − β13 β34 p(e = 1 | x2 = 0)]

(27)

The agent’s subjective model then suggests that the effect of her action on sales
pR13 (y = 1 | a = 1; α) − pR13 (y = 1 | a = 0; α)
equals
"
3β012 β24 + β23 β34 − β13 β34

α(1 − 4β012 )
α4β012
−
β012 + 3αβ012 1 − β012 − 3αβ012

(28)

!#
.

(29)

The term in round brackets strictly increases in α. Thus, the principal relaxes the incentive
constraint by implementing a = 1 with higher probability.
Rational Agent. We examine how the principal’s optimal wage schedule varies in the
transparency structure when the agent is fully rational. The limited liability constraint implies
that the optimal wage after low output is zero for both agents, w(0) = w̄(0) = 0, regardless of
the transparency structure, the agent’s subjective model, and the efforts the principal wants to
implement. If the agent chooses a = 1, the worker’s effort has a positive effect on the expected
output – despite its partial negative effect on firm reputation – when
2β012 (β24 + β23 β34 ) − β13 β34 > 0.

(30)

In the following, we assume that this inequality is satisfied. Suppose that the agent’s and
worker’s costs, cA and cE , are small enough such that the principal wishes to implement high
effort from both employees. If he chooses the non-transparent structure R∗NT , the incentive
constraint which ensures that the agent chooses a = 1 is then given by
2β012 (β24 + β23 β34 )w(1) ≥ cA ,

(31)
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while the incentive constraint which ensures that the worker chooses e = 1 is
[2β012 (β24 + β23 β34 ) − β13 β34 ]w̄(1) ≥ cE .

(32)

If the principal chooses the transparent structure RT∗ , the incentive constraint for the worker
remains the same, while for the agent it becomes
[3β012 (β24 + β23 β34 ) − β13 β34 ]w(1) ≥ cA .

(33)

Thus, it is cheaper to implement high effort from both employees under the non-transparent
than under the transparent structure if
β012 (β24 + β23 β34 ) − β13 β34 < 0.

(34)

Note that conditions (30) and (34) can be satisfied simultaneously. This means that it may
be optimal for the principal to implement high effort from both employees and to choose
the non-transparent structure. If the inequality in (34) is reversed, the production function is
supermodular in the employees’ efforts. The principal then optimally chooses a transparent
structure when he wants both employees to exert high effort. Winter (2010) generalizes this
statement to all supermodular production functions. In the following, we assume that both (30)
and (34) are satisfied.
Agent with misspecified model. Next, we examine how the agent’s optimal incentive
scheme changes when subjective model is misspecified. Suppose again that the principal wants
to implement high effort from both employees. As we showed in the main text, incentives do
not change under the non-transparent structure. Thus, consider the transparent structure RT∗ .
The principal then optimally sets the worker’s wage w̄(1) so that the incentive constraint in
(32) is satisfied with equality. The worker then exerts high effort if and only if the agent chose
a = 1. From (29) we get that the principal then implements a = 1 if
3β012 (β24 + β23 β34 )w(1) ≥ cA .

(35)

Compare this constraint with that under the objective model in (33). Since the agent does not
take into account the negative impact of the worker’s effort on reputation, she overestimates
the negative consequences from choosing a = 0 instead of a = 1, which in turn relaxes the
incentive constraint. Next, compare this constraint with the incentive constraint under a nontransparent structure in (31). Through the misspecification, incentives are strictly larger under
the transparent structure, even if (34) holds so that the production function is not supermodular.
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Mathematical Details of Subsection 5.4

We derive the optimal incentive scheme w∗ (y1 , z) that implements high effort when the agent’s
model is the objective model R∗ . The agent’s wage can take on the values w(yH , 1), w(yH , 0),
w(yL , 0), or w(yL , −1). The optimal incentive scheme is characterized by the first-order conditions of the Lagrangian function
L = β11 (1 − b)(1 − β2 )[yH + yL − w(yH , 1)] + β11 (1 − b)β2 [2yH − w(yH , 0)]
+ ((1 − β11 )(1 − b)(1 − β2 ) + b)[2yL − w(yL , 0)] + (1 − β11 )(1 − b)β2 [yH + yL − w(yL , −1)]
+ µ [β11 (1 − b)(1 − β2 )u(w(yH , 1)) + β11 (1 − b)β2 + u(w(yH , 0))
+ ((1 − β11 )(1 − b)(1 − β2 ) + b)u(w(yL , 0)) + (1 − β11 )(1 − b)β2 u(w(yL , −1))]
+ λ [(β11 − β10 )(1 − b)(1 − β2 )(u(w(yH , 1) − u(w(yL , 0))
+ (β11 − β10 )(1 − b)β2 (u(w(yH , 0) − u(w(yL , −1)) − E[c | a = 1] + E[c | a = 0]],
where µ and λ are the two Lagrange parameters for the PC and IC, respectively. The first-order
conditions are
1
,
− b)
H , 1))
1
1
,
=
µ
+
λ
1
u0 (w(yH , 0))
β1 (1 − b)
1
1 − β2
=
µ
−
λ
,
u0 (w(yL , 0))
(1 − β11 )(1 − b)(1 − β2 ) + b
1
1
= µ−λ
.
1
0
u (w(yL , −1))
(1 − β1 )(1 − b)
1

u0 (w(y

= µ+λ

β11 (1

Both constraints are binding in the optimum, so µ and λ are positive constants. Since u is
concave, we get w∗ (yH , 1) = w∗ (yH , 0) > w∗ (yL , 0) > w∗ (yL , −1).

A.9

Screening

Throughout the paper, we assumed that the principal knows the misspecification in the agent’s
subjective model and can tailor the contract to it. However, in many circumstances, he may
not exactly know the agent’s model. The question is then how the principal screens between
different agent types who differ in their subjective model.
Let there be two agent types: the biased type 1 and the rational type 2. The biased type’s
default model R̂ is misspecified, while the rational type’s default model equals the objective
model R∗ . To screen between types, the principal offers two contracts, (R, w1 (y), p1 (a)) and
(R, w2 (y), a2 ), where R ∈ Γ = {R̂, R∗ } must be identical in both contracts. If the principal
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does not educate the agent, R = R̂, the agent types keep their default model; if the principal
educates the agents, R = R∗ , both type’s subjective model equals the objective model. Let λ
be the chance that the agent is biased.
We characterize the optimal screening contract. If the principal educates the agents, we are
back in the canonical principal-agent model and the optimal contract is given by a solution to
(3) with R = R∗ . Thus, suppose that the principal does not educate the agents. The optimal
screening contract is then a solution to the problem
max

w1 (y),p1 (a),w2 (y),a2

λ

XX

p1 (a)p(y | a)(y − w1 (y)) + (1 − λ)

a∈A y∈Y

X

p(y | a2 )(y − w2 (y))

(36)

y∈Y

subject to the constraints
a ∈ arg max
ER̂ [u(w1 (y)) − c | a0 ; p1 (a)] for all a ∈ supp[p1 (a)],
0

(IC1)

a2 ∈ arg max
E[u(w2 (y)) − c | a0 ],
0

(IC2)

ER̂ [u(w1 (y)) − c | p1 (a); p1 (a)] ≥ Ū,

(PC1)

E[u(w2 (y)) − c | a2 ] ≥ Ū,

(PC2)

a ∈A

a ∈A

ER̂ [u(w2 (y)) − c | a0 ; p1 (a)],
ER̂ [u(w1 (y)) − c | p1 (a); p1 (a)] ≥ max
0

(IC12)

E[u(w2 (y)) − c | a2 ] ≥ max
E[u(w1 (y)) − c | a0 ].
0

(IC21)

a ∈A

a ∈A

The constraints (IC1) and (IC2) ensure that both agent types choose the actions specified in
the contract; (PC1) and (PC2) are participation constraints; the constraints (IC12) and (IC21)
ensure that the agent types self-select into the right contracts.
As an example, we consider our marketer application from Subsection 3.2 with risk-averse
agent and unlimited liability. Recall that the misspecification in the biased agent’s model
relaxes incentive compatibility so that the principal strictly benefits from her bias. Denote by
w∗1 (y) the wage scheme that maximizes the principal’s profit when the agent is biased, and
by w∗2 (y) the wage scheme that maximizes the principal’s profit when the agent is rational.14
Observe that the rational agent earns an information rent under the incentive scheme w∗1 (y).
She earns more than Ū by not exerting effort, while the biased agent exerts effort and earns her
reservation utility Ū.
We get the following result. There exists a critical threshold λ∗ ∈ [0, 1) so that, if the
chance of an biased agent exceeds λ∗ , the principal strictly benefits from the biased agent’s
misspecification. The optimal screening contract then does not educate the agent, implements
14

For the example, we assume that in both cases the principal wishes to implement high effort with certainty,
and that IC1 is relaxed when p1 (a = 1) increases.
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high effort from the biased type, and low effort from the rational type. It optimally trades-off
the principal’s benefit from the biased type’s misspecification and the information rent that
must be paid to the rational type.15 As λ decreases, taking advantage of the biased type’s
misperception becomes less and less attractive. Thus, if λ < λ∗ , the optimal screening contract
implements high effort from both agent types through incentive scheme w∗2 (y), so that the
principal does not benefit from the biased type’s misspecification. These observations directly
follow from the following general result.
Proposition 6. (Screening) Consider the screening version of our framework. Suppose that
the biased type’s model R̂ is perfect and that the principal benefits from the misspecification if
λ = 1. Then there exists λ∗ ∈ [0, 1) so that under any optimal screening contract the principal
does not educate the agent and benefits from the misspecification if and only if λ > λ∗ .
This result is a generalization of Proposition 2 from von Thadden and Zhao (2012) to our
framework. For an important class of screening problems, it shows a simple and intuitive
comparative static result: Under an optimal screening contract, the principal benefits from a
biased agent’s misperception if the chance of having a biased agent is above a certain threshold;
otherwise, he cannot take advantage of the misperception and the optimal contract is the same
as in the canonical model. In von Thadden and Zhao (2012), the agent is unaware of her action
set A and chooses a default action if the principal keeps her unaware. Our generalization
therefore shows that the comparative static is relevant for settings in which the agent knows all
actions and potential outcomes, and has correct expectations on the equilibrium path. It also
holds for different kinds of misspecifications (e.g., those discussed in Subsection 3.2).
Proof. The proof is close to that of Proposition 2 in von Thadden and Zhao (2012). We write
the objective function of the screening problem in (36) as
h(w1 , p1 (a), w2 , a2 ; λ) = λ

XX
a∈A y∈Y

p1 (a)p(y | a)(y−w1 (y))+(1−λ)

X

p(y | a2 )(y−w2 (y)). (37)

y∈Y

Note that h is absolutely continuous and differentiable everywhere in λ for each set of wage
schedules and actions (w1 , p1 (a), w2 , a2 ). Denote by V t (wt (y)) the principal’s expected profit
from type t if he keeps type 1’s model misspecified and type t chooses her effort under the
wage schedule wt (y). Since w∗1 (y) satisfies the constraints (IC1) and (PC1) we have
XX

p1 (a)p(y | a)(y − w1 (y)) ≤ V 1 (w∗1 (y)),

(38)

a∈A y∈Y
15

Note that the principal cannot benefit from the biased agent’s misspecification (which always would create
an information rent) and implement high effort from both agent types.
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and since w∗2 (y) satisfies the constraints in (IC2) and (PC2) we have
X

p(y | a2 )(y − w2 (y)) ≤ V 2 (w∗2 (y)).

(39)

y∈Y

Therefore, we have
| hλ (w1 , p1 (a), w2 , a2 ; λ)) | =

XX

p1 (a)p(y | a)(y − w1 (y)) −

a∈A y∈Y

X

p(y | a2 )(y − w2 (y))

y∈Y

≤ V 1 (w∗1 (y)) + V 2 (w∗2 (y))

(40)

for all (w1 , p1 (a), w2 , a2 ) and λ. Denote by V(λ) the principal’s value function, i.e., his maximal profit for given share λ. Theorem 2 of Milgrom and Segal (2002) implies that V(λ) is
absolutely continuous and that
V 0 (λ) =

XX

p1 (a)p(y | a)(y − w1 (y)) −

a∈A y∈Y

X

p(y | a2 )(y − w2 (y))

(41)

y∈Y

whenever this derivative exists. Suppose there is an λ so that V 0 (λ) ≤ 0. Equation (41) then
implies that the principal then earns weakly more from type 2 than from type 1 and for the
optimal (w1 , p1 (a), w2 , a2 ) we have
h(w1 , p1 (a), w2 , a2 ; λ) ≤

X

p(y | a2 )(y − w2 (y)) ≤ V 2 (w∗2 (y)).

(42)

y∈Y

In this case, it is optimal for the principal to educate type 1 and to offer w∗2 (y). Observe that if
it is optimal for the principal to educate type 1 at some λ̂, it is optimal for him to educate type
1 for all λ < λ̂, which proves the existence of a threshold λ∗ ∈ [0, 1]. By assumption, we have
V 1 (w∗1 (y)) > V 2 (w∗2 (y)). Hence, the continuity of V(λ) implies λ∗ < 1.

A.10



Neglect of Correlation

In all applications, we assumed that the agent’s subjective model R is perfect so that in equilibrium she correctly predicts her expected payoff. We now present an example where R is not
perfect an where the agent exhibits neglect of correlation. Consider the objective and subjective model from Figure A1. They are identical except that the agent does not take into account
a potential correlation between variable 1 and variable 2. We show that both the incentive
compatibility and the participation constraint can be relaxed through this misspecification.
Recall the setting from Subsection 3.2 with binary action a ∈ {0, 1}; binary output and
costs, y ∈ {yL , yH } and c ∈ {cL , cH }; and binary variables x1 , x2 ∈ {0, 1}. We assume that
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Figure A1: Objective model R∗ (left) and subjective model R (right) in the neglect of correlation
example.

p(x1 = 1 | a) = β1a and that there is a positive correlation between variable 1 and variable 2,
1,2
1
2
p(x1 = 1 | a, x1 ) = β2a + β1,2
x1 . For convenience, we set β0 = β0 = β0 = 0. Finally, we assume

that output is high if either x1 or x2 (or both) take on value one, p(yH | x1 , x2 ) = max{x1 , x2 }.
We examine the impact of the misspecification on the optimal equilibrium contract. Suppose the principal wishes to implement p(a = 1) = α. In equilibrium, the agent correctly asses
the probability of a high outcome at node 1 and node 2 after high and low effort. So we have
pR (x1 = 1 | a = 1; α) = β11 ,

(43)

pR (x2 = 1 | a = 1; α) = β21 + β11 β1,2
1 .

(44)

The agent also understands the true relationship between the output y and outcomes x1 , x2 ,
that is, R (yH | x1 , x2 ; α) = max{x1 , x2 }. However, since the agent does not take into account
the correlation between the nodes 1 and 2, she double count those instances in which both
components take on the value one. So while the true probability after a high output after high
effort equals
p(yH | a = 1) = β11 + (1 − β11 )β21 ,

(45)

p(yH | a = 1; α) = β11 + (1 − β11 )β21 + (1 − β11 )β11 β1,2
1

(46)

it is

in the agent’s mind. The term (1 − β11 )β11 β1,2
1 captures the double counting. The agent correctly
predicts that output is low with certainty if she chooses low effort. Thus, the agent overestimates the effectiveness of her effort and her expected payoff, provided that w(yH ) > w(yL ) and
she exerts high effort with positive probability. Therefore, the misspecification in the agent’s
subjective model relaxes both the incentive compatibility and the participation constraint.

A.11

Authority and Supervision

A crucial design aspect of an organization is the allocation of decision rights. In this subsection, we demonstrate that the agent’s subjective view on the organization may vary in how
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decision rights are distributed. To this end, we consider a version of Aghion and Tirole’s (1997)
model of formal and real authority. In this model, both the principal and the agent gather information on profitable projects, and can make project suggestions. Which suggestion gets
implemented depends on which party has formal authority: If the principal has formal authority, he decides which of the suggested projects is realized; if the agent has formal authority, the
agent decides which project gets implemented. We show that the allocation of decision rights
changes what the principal communicates about information gathering to the agent.
We examine a version of Aghion and Tirole (1997) in which the principal “supervises”
the agent (all mathematical details are relegated to the end os this section). There are three
potential projects and three states 1, 2, 3 of the world that determine project availability. A
project is denoted by (y, z), where y ∈ {0, yL , yH } is the principal’s payoff from this project,
z ∈ {0, zL , zH } is the agent’s payoff, and yH > yL > 0 as well as zH > zL > 0. The “zero-project”
is available in all states and offers a payoff of zero for both parties. The “principal-project”
offers a high payoff yH to the principal and a low payoff zL to the agent; it is available in states 1
and 3. The “agent-project” offers yL to the principal and zH to the agent; it is available in states
2 and 3. Each party can suggest the principal- or agent-project only if it identifies the state of
the world. The principal (agent) chooses effort e ∈ [0, 1] (action a ∈ [0, 1]) and then identifies
the state with probability e (a) and incurs convex expected costs of g(e) (g(a) = E[c | a]). If
a party identifies the state, it suggests the project that yields the highest payoff for this party.
The implementation decision then depends on the allocation of decision rights.

Figure A2: Objective model R∗ (left) and subjective model R̂ (right) in the authority and
supervision application.

Before the principal decides about his effort, he observes a signal x2 ∈ {0, 1} that depends
on the agent’s action a and whether the agent identified the state or not. If the agent identifies
the state, the probability of a good signal x2 = 1 is a; otherwise, it is ξa with ξ ∈ (0, 1). So
if the principal observes a bad signal x2 = 0, this is an indication that the agent may not have
identified the state. It is then optimal for him to exert more effort than after a good signal.
We adjust the definition of an equilibrium contract to the present setting. An extended
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contract {p(e | x2 ), (R, w(z) = z, p(a))} is an extended equilibrium contract if (i) effort p(e | x2 )
after signal x2 is optimal for the principal given the agent’s action p(a), and (ii) p(a) is a
personal equilibrium at R and w(z) = z, given that the principal exerts effort p(e | x2 ).
Principal Formal Authority. We first consider the case when the principal keeps formal
authority and implements the project suggestion that yields him the highest payoff. He then
overrules the agent’s suggestion in two cases: when both parties identify the state and they
suggest different projects (i.e., in state 3), and when the principal identifies the state while the
agent does not. The objective model R∗ in Figure A2 captures the corresponding causal model.
Suppose the agent’s subjective model is R∗ so that she is rational. She then takes the
principal’s supervision into account. Exerting more effort a reduces the expected principal’s
effort e, which has two countervailing effects on the agent’s payoff. First, it reduces the chance
that the principal overrules the agent when she identifies the state by herself. Second, it reduces
the chance that the principal comes up with a profitable project if the agent fails to identify the
state by herself. The agent is aware of these two effects and chooses her action accordingly.
Suppose that {e1f , e0f , (R∗ , w(z) = z, a f )} is the extended equilibrium contract that is optimal for
the principal when the agent is rational, where e1f (e0f ) is the effort that the principal exerts after
a good (bad) signal, with 0 < e1f < e0f , and a f > 0.
Next, suppose that the agent does not take into account the principal’s supervision so that
her subjective model is given by model R̂ on the right of Figure A2. The principal may be
able to effectively hide from the agent that he gets early signals on her performance. The
design of the workplace may reinforce this belief, with the agent’s workplace far away from
the principal’s office and few opportunities of direct interaction. The question is whether the
principal benefits from this misperception. We compare the agent’s expected marginal return
to effort under the objective and subjective model at the original extended equilibrium contract
with a f , e1f , e0f ,
∂E[z | a]
∂a

f

f

a f ,e1 ,e0

∂ER̂ [z | a; a f ]
−
∂a

=
f

f

a f ,e1 ,e0

(e0f

−

e1f )

"
!#
2
1
f1
f
a (zH − zL ) − (1 − a )ξ zL + zH .
3
3
3
(47)

Recall that e0f > e1f . The terms in the squared brackets on the right-hand side capture the costs
and benefits from keeping the agent’s model misspecified. The costs are given by the term
a f 13 (zH − zL ). If the agent’s model is misspecified, she ignores that by choosing a higher action
she can reduce the probability of being overruled, which reduces her motivation to gather
information. The benefits are given by the term (1 − a f )ξ( 23 zL + 13 zH ). If the agent’s model is
misspecified, she does not take into account that by exerting more effort she lowers the chance
that the principal comes up with an alternative suggestion, which helps if she does identify the
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state by herself. This ignorance increases her motivation to gather information.
Both keeping the agent’s model misspecified at R̂ and educating her about the objective
model R∗ can be optimal for the principal, depending on the parameters. To illustrate, assume that the agent’s cost function g(a) represents talent. A talented agent has low costs of
information gathering, so a f will be relatively large; a mediocre agent has large costs so that
a f will be relatively small. Observe from (47) that if a f is large enough, effort motivation is
higher under the objective model R∗ , while if a f is small enough, the misspecified model R̂
maximizes effort incentives. Hence, it is optimal for the principal to inform a talented agent
about his supervision, and to keep the mediocre agent’s subjective model misspecified.
Again, we see that different misperceptions can have the same effect on incentives. Note
that in model R̂ the nodes 6 and 7 are not on fundamental active paths, so the statistical information encapsulated in these nodes is not relevant for the agent’s incentives under R̂. If
we take out node 2 or node 3 from the objective model R∗ (and the links to and from these
nodes), incentives are the same as under R̂. Intuitively, if only node 2 is missing in the agent’s
subjective model (relative to R∗ ), the agent takes into account that the principal exerts effort
to come up with alternative suggestions, but erroneously thinks that this effort is independent
from her action and information gathering; if only node 3 is missing, the agent admits that the
principal gets an early signal about her progress, but ignores the influence of these signals on
the principal’s behavior. Thus, different misspecifications cause the same incentive effect.
Agent Formal Authority. We next consider the case when the agent holds formal authority
so that she implements the project suggestion that yields her the highest payoff. The principal
suggestion is preferred to the agent’s suggestion only when the principal identifies the state
while the agent does not. Again, the objective model R∗ in Figure A2 captures this interaction,
we only have to update the probability model.
We analyze how keeping the agent’s subjective model misspecified at R̂ affects her incentives. Suppose that {er1 , er0 , (R∗ , w(z) = z, ar )} is the extended equilibrium contract that is
optimal for the principal when the agent is rational, where er1 (er0 ) is the effort that the principal
exerts after a good (bad) signal, with 0 < er1 < er0 , and ar > 0. We compare the agent’s expected
marginal return to effort under the objective and subjective model at ar , er1 , er0 ,
∂E[z | a]
∂a

ar ,er1 ,er0

∂ER̂ [z | a; ar ]
−
∂a

ar ,er1 ,er0

=

−(er0

−

er1 )(1

!
2
1
− a )ξ zL + zH .
3
3
r

(48)

Thus, under agent formal authority, keeping the agent’s model misspecified always increases
her motivation to gather information. Since profitable project suggestions by the agent never
get overruled, the only remaining channel of how the principal’s effort affects the agent’s utility
is the insurance argument. Choosing a higher action reduces the principal’s effort and thus the
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chance that a profitable project is implemented when the agent does not identify the state. Not
taking this into account increases the agent’s effort motivation.
Under agent formal authority, the principal may motivate effort by keeping the agent’s
model misspecified, or discourage effort by educating her, depending on the payoff parameters.
If yL is sufficiently close to yH , it is not important for the principal whether the principal
or the agent project gets implemented. It is then optimal to maximize the agent’s effort by
not informing her about supervision. However, if yL is close to zero, it is important for the
principal that the principal project gets implemented. Assume that the principal’s cost function
g(e) represents his time constraints. A busy principal has high costs, so er1 , er0 will be relatively
small; a relaxed principal has low costs of information gathering so that er1 , er0 will be relatively
large. When the principal is busy enough, it is optimal for him to keep the agent’s model
misspecified (to secure some chance that the principal project gets implemented in state 1).
In contrast, if the principal is sufficiently relaxed, it is optimal for him to discourage effort by
informing the agent about supervision in order to get his way.
Mathematical Details. We write out the full probability model for the case of principal formal
authority. Denote by δ ∈ {1, 2, 3} the state. Suppose the agent chooses action a f , while the
principal exerts effort e1f after a good signal x1 = 1, and effort e0f after a bad signal x1 = 0.
We define Xi for the remaining nodes i: X1 = X2 = X4 = X7 = {0, 1}, X5 = X6 = {(y, z, δ) :
(y, z) is available in state δ}, X8 = {0, zL , zH }. We then have p(a = a f ) = 1, p(x1 = 1 | a) = a,
p(x2 = 1 | x1 = 1, a) = a, p(x2 = 1 | x1 = 0, a) = ξa, p(e = e1f | x2 = 1) = 1, p(e = e0f |
x2 = 0) = 1, p(x4 = 1 | e) = e, p(x5 = (0, 0, 1) | x1 = 0) = 1, p(x5 | x1 = 1) =

1
3

for x5 ∈

{(yH , zL , 1), (yL , zH , 2), (yL , zH , 3)}, p(x6 = (0, 0, 1) | x4 = 0, x5 ) = 1, p(x6 = x5 | x1 = 1, x5 ) = 1
for x5 ∈ {(yH , zL , 1), (yL , zH , 2)}, p(x6 = (yH , zL , 3) | x1 = 1, x5 = (yL , zH , 3)) = 1, p(x6 | x1 =
1, x5 = (0, 0, 1)) =

1
3

for x6 ∈ {(yH , zL , 1), (yL , zH , 2), (yH , zL , 3)}, p(x7 = 1 | x5 = (0, 0, 1), x6 ,

(0, 0, 1)) = 1, p(x7 = 1 | x5 , (0, 0, 1), x6 = (0, 0, 1)) = 0, p(x7 = 1 | x5 = x6 = (y, z, δ)) = 0,
p(x7 = 1 | x5 = (yL , zH , 3), x6 = (yH , zL , 3)) = 1, p(z | x5 = (y, z, δ), x6 , x7 = 0) = 1 and
p(z | x5 , x6 = (y, z, δ), x7 = 1) = 1. For the case of agent formal authority, only p(x7 | x5 , x6 )
has to be adjusted accordingly.
We characterize the principal’s equilibrium effort. Suppose that the principal has formal
authority and the agent chooses action a f . The principal’s expected payoff from effort e after
signal x2 ∈ {0, 1} is then
2
E[V | x2 = 1, e] = e yH +
3
2
E[V | x2 = 0, e] = e yH +
3

!
1
af
yL + (1 − e) f
3
a + (1 − a f )ξ
!
1
af
yL + (1 − e) f
3
a + (1 − ξa f )

1
yH +
3
1
yH +
3

!
2
yL − g(e),
3
!
2
yL − g(e).
3

57

Equilibrium Contracts and Boundedly Rational Expectations

Under agent formal authority, when the agent exerts effort ar , these values are
!
ar
E[V | x2 = 1, e] = e 1 − r
a + (1 − ar )ξ
!
ar
E[V | x2 = 0, e] = e 1 − r
a + (1 − ξar )

2
yH +
3
2
yH +
3

!
1
ar
yL + r
3
a + (1 − ar )ξ
!
1
ar
yL + r
3
a + (1 − ξar )

1
yH +
3
1
yH +
3

!
2
yL − g(e),
3
!
2
yL − g(e).
3

From these equations, we derive e0f > e1f and er0 > er1 .
Next, we characterize the agent’s equilibrium effort under the subjective and objective
model. Note from the subjective model R̂ that nodes 6 and 7 are not on fundamental active
paths, so we can ignore them in the calculations below. Suppose that the principal has formal
authority and exerts effort e1f (e0f ) after a good (bad) signal. The agent’s expected payoff from
action a when the equilibrium action is a f is then
"

#
1
2
1 f f
f
f
ER̂ [z | a; a ] = a zL + zH − (a e1 + (1 − a )e0 )(zH − zL )
3
3
3
"
!#
2
1
f
f f
f
+ (1 − a) (ξa e1 + (1 − ξa )e0 ) zH + zL − g(a).
3
3
f

For the objective model, we get E[z | a] from ER̂ [z | a; a f ] by replacing a f by a (i.e., the agent
takes into account how her action impacts on the principal’s effort). From this we get equation
(47). Under agent formal authority, when her equilibrium action is ar and the principal exerts
effort er1 (er0 ) after a good (bad) signal, the agent’s expected payoff from action a is
!
!
2
1
1
2
r r
r r
ER̂ [z | a; a ] = a zH + zL + (1 − a)(ξa e1 + (1 − ξa )e0 ) zH + zL − g(a).
3
3
3
3
r

From this we get the statements in the main text.

