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Abstract

I analyze optimal incentive contracts characterized by asymmetries of information regarding the kind of

AI technology used. Indeed, the most explainable AIs are also the least accurate. However, explainability

allows to rule out AI errors more easily through an ex-post effort, eventually avoiding high level of losses. I

suppose that a decision is delegated by a principal to an agent using an AI to perform it. The type of AI is

selected by the agent. Moreover, there is an asymmetry of information regarding the use of AI technology. I

analyze the contracts that can be settled between the different parties. I thus look at the potential inefficiencies

that can be created by the use of AIs. Indeed, incentivizing the agent to use the correct type of AI implies

that the agent extracts a rent. the principal can reduce the level of rent, but will damage the social welfare.
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1 Introduction

AI is extensively used for decision-making and is expected to gain even more importance in the future (Dav-

enport and Harris, 2017). In many settings, incentive conflicts arise between those building the prediction

tools and the entities tasked with overseeing their use (Blattner, Nelson, and Spiess, 2023). Indeed, the word

"AI" encompasses a large variety of methods, associated with different characteristics. In particular, the

paper focuses on the various degrees of explainability of AI methods. Indeed, there is a trade-off between

the explainability of AI and its accuracy (Doshi-Velez and Kim, 2017). Indeed, the most unexplainable AI

models are also the less explainable ones. The question of the explainability of the AIs has been a vibrant

topic in the IT field for a few years. Indeed, the explainability of the AI is important to secure the AI and

avoid bad outcomes due to wrong AI decisions (Beaudouin et al., 2020).

In this paper, I analyze optimal incentive contracts characterized by asymmetric information regarding

the type of AI technology used. This paper is linked to the literature dedicated to principal-agent models

(see Holmstrom, 1979, Aghion and Tirole, 1994 or Boyer and Laffont, 1997 for examples). My contribution

to the current literature lies in the assumption that agents select endogenously a type of AI technology that

shapes the outcomes obtained by the principal. Indeed, AI systems can be complicated enough such that an

uninformed principal cannot asses the type of technology used (Blattner, Nelson, and Spiess, 2023). More-

over, AI technology can be considered as trade secrets implying they cannot be examined by the public. For

instance, courts denied access to predictive justice algorithms, such as the COMPAS algorithm (Washington,

2018), arguing trade secret clauses, even though it has been established that these algorithms discriminate

against sensible groups (Angwin et al., 2022). In addition to the choice of technology, the agent also has

private information about the state of the world. In other words, the consequences of the success and errors

of the AI are known by the agent, but not by the principal. The choice of the "good type" of AI by the agent

crucially depends on the state of the world. Different types of AI, with different characteristics, can be used

by the agent. When potential losses associated with a decision are high, one prefers to use an explainable AI

to spot potential AI errors more easily. Conversely, when the loss is low, one prefers to use an unexplainable

AI, which cannot be corrected, but has a higher baseline performance and does not necessarily need to be

monitored.

The main goal of the paper is to establish what kind of contract a principal would offer to the agent

given the different asymmetries of information -the choice of AI technology by the agent and the state of

the world, the agent’s correction effort. I suppose that the principal offers monetary transfers to the agent
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and penalties if the agent provides erroneous recommendations. However, when the principal offers sufficient

transfers to cover the cost associated with the correction of an explainable AI, the agent can extract a rent.

Indeed, the agent knows when he can avoid verifying the AI’s results, and exerts no efforts, but receives

a high level of transfer. On the contrary, offering lower levels of transfers implies that the agent will not

perform verification processes in the riskiest cases, as these processes will be costly as well. In that case,

the level of rent extracted by the agent will be lower, but the social welfare, compounded by the sum of the

agent’s surplus and the principal profit falls as well. As a result, a distortion may appear, depending on the

characteristics of the AI. Indeed, the principal can select a contract maximizing his own payoff, but that

fails to reach the first best. Thus, asymmetries of information induce that the agent will not encouraged to

use the correct type of AI, and the correct effort in terms of correction.

This paper is linked to a burgeoning literature that studies the use of AI from a principal-agent perspec-

tive. For instance, (Agrawal, Gans, and Goldfarb, 2018) or (Agrawal, Gans, and Goldfarb, 2019) study the

potential complementary between the AI and the humans. Furthermore, Athey, Bryan, and Gans (2020),

baed on Aghion and Tirole (1997), study the allocation of authority between an agent and a principal when

the two parties have opposite interests McLaughlin and Spiess (2022), or Dell’Acqua (2021) study some

agency problems regarding AI monitoring by agents, arguing that agents can become "lazy" when they can

have access to an AI. However, contracts involving monetary transfer have not been evoked in this literature,

which is the key point in this paper.

The rest of the paper is organized as follows. Section 2 is dedicated to the literature review. Section

3 introduces the model, Section 4 presents the characterization of the first best, and Section 5 the private

equilibrium. In Section 6, I present some extensions of the baseline model. Last, in section 7, I conclude.

2 Related Literature

AI has a great impact on activities and will affect tasks requiring a high level of ability (Acemoglu and

Restrepo, 2019; Brynjolfsson and McAfee, 2015; Autor, 2015). AIs are currently used in numerous areas,

such as predictive justice (Sloan, Naufal, and Caspers, 2018; Ludwig and Mullainathan, 2021), finance (Abis

and Veldkamp, 2020), or hiring decisions (Cowgill, 2018; Hoffman, Kahn, and Li, 2018) have already been

documented. The literature not only focuses on the technical aspects of AI but also on the manner human

behavior regarding decision-making evolves. Indeed, regarding decision-making, there is a clear distinction

to make between the predictive algorithm and the decision rule associated with this algorithm (Rambachan

et al., 2020). AI provides recommendations for action. However, only humans can formalize the payoffs
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associated with the subsequent decisions. As a consequence, scholars have highlighted some potential harms

associated with AIs (Acemoglu, 2021). For instance, a large strand of the literature focuses on the question of

algorithmic fairness (Gillis, McLaughlin, and Spiess, 2021; Gillis, 2020; Kleinberg et al., 2018b), or the limits

and design of algorithmic audits on group-specific screening (Meursault et al., 2022). Indeed, algorithms can

discriminate against sensible groups, such as black people or women. Indeed, algorithms are used to improve

the overall accuracy of decisions and do not integrate the limitation of bias as an objective, resulting in a

social loss.

As a consequence, one of the great challenges associated with the use of AI is to spot the AI errors

and correct them (Cowgill and Tucker, 2019). However, reducing the occurrences and the magnitude of

these losses needs some human intervention. Related to fairness concerns, an other strand of the literature

studies the complementary between humans and algorithms in the context of decision-making (Donahue,

Chouldechova, and Kenthapadi, 2022; Bansal et al., 2021). In particular, scholars have highlighted the issues

linked to the explainability of algorithms (Beaudouin et al., 2020). Indeed, some of the promising algorithms

are also "black boxes", providing results without explanations Kleinberg et al. (2018a). Doshi-Velez and

Kim (2017), Lundberg and Lee (2017) or Hamon et al. (2022) argue that explainability may be necessary

for ethical and safety purposes, and to fix mismatched objectives. Designing an explainable AI may also

be mandatory to prevent serious errors (Lipton, 2017; Amodei et al., 2016; Kleinberg, Mullainathan, and

Raghavan, 2016). However, designing an algorithm to introduce an explainability objective decreases its

overall level of accuracy. Indeed, algorithmic accuracy and explainability are often presented as trade-offs:

increased explainability leads to decreased accuracy and vice versa. However, most algorithms were built

with only accuracy in mind. Even algorithms with explanation models built on top may lead to sacrifices in

accuracy in some situations. Thus, a decision maker should select the "right" level of explanation returned

by his model, balancing the accuracy objective and the explainability requirements (Beaudouin et al., 2020).

However, the regulation associated with the accountability of AI that should be applied to AI holders is

still under discussion (Busuioc, 2020). Furthermore, note that the accuracy of a system combining AI and

humans is better when the AI can provide explanations to human teams (Lundberg et al., 2018; Lai and Tan,

2019; Schmidt and Biessmann, 2019). However, in Computer Science literature, the question of the costs

associated with the correction of the AI is usually not considered as it would be in economics. Thus, Com-

puter Science does usually not consider "economic" incentives for decision-makers to correct their algorithms.

Furthermore, scholars in economics try to design a general framework, aiming to analyze the use of AI

within an organization.Agrawal, Gans, and Goldfarb (2018) or Agrawal, Gans, and Goldfarb (2019), study



5

the complementary and the substitutability between AI and humans. Regarding the use of AI in a principal-

agent model Athey, Bryan, and Gans (2020), exploits a usual principal-agent model by Aghion and Tirole

(1997) to study the allocation of authority between an agent and an AI when the principal has access to an

AI that can provide free advice. Dell’Acqua (2021) shows that the use of an AI by a principal can incentivize

the agent to exert less effort than necessary. Blattner, Nelson, and Spiess (2023) studies how a principal

can control the type of AI used by an agent by asking for some explanation from him. Lastly, McLaughlin

and Spiess (2022) studies the situation where an AI not only provides a recommendation of action but also

alters the preferences of a decision maker; the conclusion is that it may be preferable not to disclose AI

recommendation to encourage the agent to make its efforts.

However, the situation where the principal offers direct compensation mechanisms is not evoked in these

papers. Thus, I study a model involving decision-making with moral hazard with direct transfers between

the principal and the agent, with no private values of the project for the agent. Thus, this paper is linked

to some usual models in the principal agent literature, as Holmstrom (1979) or Maskin and Tirole (1990).

Regarding AI technology, I use the idea, already present in the principal-agent literature, that restricting

agent choice while still leaving enough flexibility to leverage the agent’s technology and private information

can be useful and would increase the overall social welfare (Levitt and Snyder, 1997; Szalay, 2005; Alonso

and Matouschek, 2008)

3 Model

3.1 An Example

In this section, I suppose that a principal (he) delegates a decision to an agent (she). Both are risk-neutral.

The principal faces a decision, that leads to positive or negative payoffs for him. The agent uses an AI to

provide the recommendation. The recommendation can be either good or bad, leading to positive or nega-

tive payoffs respectively. The possible payoffs depend on the state of the world, which is privately known by

the agent. For instance, according to Agrawal, Gans, and Goldfarb (2018) a bad decision may engender a

"hidden cost". When a hidden cost happens, the negative payoff will be higher than when there is no hidden

cost. However, spotting potential hidden costs requires some expertise, implying that only the agent can

determine the state of the world. The state of the world conditions the technology used by the agent.

To be clearer, let’s take an example. AI is currently used to select portfolios. Uninformed consumers
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ask a financial manager to design a portfolio. The AI-designed portfolio can be well-performing (i.e. good

decision) or low-performing (i.e. bad decision). However, the eventual returns of the portfolio depend on

the AI’s recommendation but also on the state of the economy, which is unknown by the consumer, but

known by the manager. Indeed, bad investments have anecdotal consequences when the economy goes well

but can have catastrophic ones when the economy experiences a crisis. In the terminology of Agrawal Gans

and Goldfarb, a crisis will be a "hidden" cost. The portfolio manager can monitor the portfolio created by

the AI, or only follow the AI’s recommendation. Monitoring means abandoning the AI portfolio and reverts

to a secure portfolio, with lower returns and lower risks. The manager monitors the portfolio thanks to his

expertise. However, I suppose that the manager has to understand the reasons why the AI selects a given

decision when accepting or rejecting the AI’s recommendation.

An illustration of this can be found in Blattner, Nelson, and Spiess (2023). They argue that restricting

the complexity of algorithms and relying on simpler, fully transparent decision rules. Indeed, understanding

AI’s models, and revealing the key variables allows us to reveal when the AI makes a costly error. If the

manager sees that the AI selects a decision that is not adapted to the situation (for instance, if the AI gives

important weight to the expected return of an asset, and neglects its level of risk), the manager can spot it

and go back to a more secure area.

3.2 Model

I suppose that the agent and the principal both have linear functions of utility. There are two states of the

world: a risky state and a safe state. The risky state happens with a probability q. The loss associated with

a bad decision is equal to V . The safe state happens with a probability 1 − q. The loss associated with a

bad decision is equal to 0. In both cases, a good decision leads to a payoff equal to 1. The table of payoffs

is as follows:

1-q q

Good Decision 1 1

Bad Decision 0 -V

Once the agent knows the state of the world, he selects an AI to obtain a recommendation. I suppose

that the agent can select an AI among different types, without enabling or training costs. In the model, two

types of AI are available, an explainable AI and an unexplainable one.
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The explainable AI, recommends a good decision with a probability p, and a bad one with a probability

1− p with p > 1
2 . If the agent uses an explainable AI, he can exert a costly effort ex-post to correct the AI’s

recommendations in order to tackle costly errors. Eventually, the agent can reject the AI’s recommended

project if it appears that the AI’s recommendation is erroneous. In that case, the principal’s payoff is equal

to 0 as no decision has been taken. The probability of spotting an AI error is equal to e. I suppose that the

cost associated with an effort e is convex and is equal to αe2.

If the risky state arises, the payoff associated with a bad decision is equal to −V . Thus, for a correction

effort e, the payoff associated with the explainable AI is:

p− V (1− p)(1− e)− αe2 (1)

Note that e is between 0 and 1. If the agent’s analysis concludes that a recommendation is good, the agent

sends it to the principal, leading to a payoff equal to 1. Otherwise, if the agent finds out that the AI’s

recommendation is erroneous, he does not send any recommendation, and the payoff of the principal will be

equal to 0.

Conversely, if the safe state arises (i.e. the payoff associated with a bad decision is equal to 0), the overall

payoff associated with the explainable AI is used, depending on e is:

p− αe2 (2)

Indeed, in a safe state, making a bad decision implies no losses for the principal. Thus, there is no interest

in providing any effort in that state.

The agent can also use an unexplainable AI to perform a recommendation. I assume that the unex-

plainable AI delivers a more accurate prediction than the explainable one. Indeed, as explained above,

unexplainable AIs usually offer higher performances compared with more explainable algorithms. In the

model, it will be translated by the assumption that unexplainable AI delivers a good recommendation more

frequently than explainable ones. Thus, the probability that an unexplainable AI delivers a good recom-

mendation equal to p + k, with k > 0. Conversely, the probability that the unexplainable AI delivers an

erroneous recommendation is equal to 1− p− k.
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If the payoff associated with a bad decision is equal to 0, the expected payoff associated with the use of

the unexplainable AI is equal to p + k. Conversely, if the payoff associated with a bad decision is −V , the

expected payoff associated with the unexplainable AI is:

p+ k − V (1− p− k) (3)

3.3 Different Type of Contracts

3.3.1 Transfer Contract

I suppose that the principal can neither use an AI himself nor determine the state of the world. He must

rely on an agent to make a decision. The principal is informed about the different types of AI and their

accuracy. However, the type of AI that is actually used is privately known by the agent. I assume that the

principal can offer 3 different types of contracts to the agent:

The first type of contract is defined as follows: The principal offers a positive transfer t whenever the agent

delivers a recommendation. However, in exchange for such a transfer, the agent must pay a penalty if the

principal incurs a loss. I suppose that the agent does not face any budget constraints. Thus, the value of

the penalty can be freely determined by the principal, as long as it does not exceed the value of the loss V .

To ensure the agent’s participation, the principal must offer a sufficient transfer to encourage the agent to

provide a recommendation in the risky state. The transfer has to be high enough to cover the costs associated

with the effort exerted by the agent, and the expected value of the penalty that can be paid by the agent. In

the safe state (i.e. when the possible loss is equal to 0), offering this type of contract incentivizes the agent

to use the unexplainable AI. Indeed, the transfer t occurs, and the agent does not face any costs when he

uses the unexplainable AI. Conversely, in the risky state, the possibility of paying a penalty may incentivize

the agent to use an expainable AI and discard the AI’s errors.

3.3.2 Unexplainable AI contract

The second type of contract (called unexplainable AI contract) is as follows: The principal can offer no

monetary transfers, but no penalty. Indeed, as I assumed that unexplainable AI is costless. Thus, there is

a second type of contract, where the principal asks for the unexplainable AI’s recommendation for the two

states. The principal does not have to offer any transfer as the agent can provide a recommendation from

the unexplainable AIs without any costs. Unlike the first type of contract, the agent does not extract any

rent.
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3.3.3 Explainable AI contract

A third type of contract, called explainable AI contract exists. The principal can control the effort exerted

by the agent. Here, I suppose that the principal can perfectly verify the effort exerted by the agent. Some

mechanisms can be imagined. For instance, the principal can ask for explanations in addition to the rec-

ommendation, as postulated in Blattner, Nelson, and Spiess (2023) or Caro and Nelson (2024) for instance.

However, this type of contract enforces the use of the explainable AI, as the agent cannot justify any efforts

if he selects the unexplainable one.

Thus, with this third type of contract, the principal imposes a given level of effort ẽ to the agent. In that

case, the agent always selects the explainable AI, regardless of the state of the world, and exerts an effort ẽ.

In exchange for this effort, the principal repays the cost associated with the effort, namely α(ẽ)2. As in the

second type of contract, the agent does not extract any rent from the principal.

4 Characterization of the First Best

In this section, I determine which type of AI should be used, depending on the state of the world. Moreover,

I determine the optimal effort when an explainable AI is eventually used.

When the payoff associated with a bad decision is −V , the use of the explainable AI is valuable, as it

reduces the probability of obtaining a negative payoff. In proposition 1, I determine the optimal effort that

should be exerted when the possible loss is equal to −V .

Proposition 1. In the risky state, the optimal effort when the explainable AI is used is e∗ ≡ V (1−p)
2α if

V (1−p)
2α < 1, and e∗ ≡ 1 otherwise.

Proof. In the risky state, the loss is equal to −V , the expected payoff associated with the use of the explain-

able AI is:

WV = p− V (1− p)(1− e)− αe2

Taking the derivative with respect to e gives:

dWV

de
= V (1− p)− 2αe

Solving for the first order condition of pay-off maximization gives:

e∗ ≡ V (1− p)

2α
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If the value of V (1−p)
2α , is higher than 1, the constraint is satiated. In that case, the optimal level of e is

equal to 1. It is optimal to avoid all risks of losses. In that case, the welfare is equal to p− α.

Exerting a correction effort is costly; as the baseline accuracy of the unexplainable AI is higher than

the explainable AI’s one, the use of the unexplainable AI is valuable if and only if V is high enough. We

determine the conditions such that the explainable AI is preferred to the unexplainable AI in the risky state.

Corollary 1. If V ≥ V (1−p)
2α , the use of the explainable AI is preferred to the use of the unexplainable AI if

and only if the value of k is lower than (1−p)V−α
V+1 .

If V < V (1−p)
2α , the use of the explainable AI is preferred to the use of unexplainable AI if the value of k

is lower than (1−p)V−α
V+1 .

Thus, if V is high enough, the first best is to use the explainable AI in the risky state and the unexplain-

able one otherwise.

For the next section, I make the two following assumptions:

Assumption 1. The value of V is higher than 2α
1−p

Assumption 2. The value of k is lower than (1−p)V−α
V+1 .

According to Proposition 1 and Corollary 2, these assumptions have the following implications on the

first best:

1. If the loss associated with a bad decision is equal to −V , the optimal effort e is equal to 1.

2. If the loss associated with a bad decision is equal to −V , it is better to use the explainable AI.

Note that the first assumption is not crucial for the future statement of the results. I will relax this

assumption in the extensions. The second one cannot be relaxed. Indeed, if the assumption does not hold,

it implies that the first best is using the unexplainable in every situation.

I determine which type of contract can lead to the first best. As specified in the section above, offering

a transfer and a penalty implies that the agent uses an explainable AI and performs a correction effort

in the risky state. Conversely, in the safe state, the agent uses the unexplainable AI. Thus, if the couple

transfer/penalty proposed by the agent ensures that the agent performs the optimal effort e∗ ≡ 1, the offered

contract would lead to the first best.
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Proposition 2. Under Assumption 1 and Assumption 2, the first best is reached if the transfer is t ≡ α and

the penalty set by the principal is equal to V

Proof. It is straightforward that if such a contract is proposed, the agent uses the unexplainable AI in the

safe state and the explainable AI in the risky one. In the risky state, the payoff of the agent is:

πR
A = t− V (1− p)(1− e)− αe2

Maximizing this agent’s profit implies an effort e = 1, under Assumption 1. Thus, the effort chosen by

the agent is e ≡ 1, which is the first best.

Thus, the principal can reach the first best by offering a transfer/penalty contract. This contract will be

called the first best contract for the rest of the section.

However, as specified above, the agent extracts a rent if the first best contract is proposed. Thus, the

principal may prefer to propose another type of contract, decreasing the social welfare, but leaving no rent to

the agent. In the next section, I determine the conditions on the correction costs and the relative accuracy

of the explainable and unexplainable AI such that the principal prefers to offer a first-best contract rather

than one of the two other possible contracts.

5 The Private Equilibrium

Offering the first best contract implies letting a rent to the agent. As the transfer is equal to α, the agent

always exerts an effort equal to 1 in the risky state. As the transfer offered by the principal fully covers

the cost associated with the effort. Thus, if the loss is equal to V , the agent extracts no rent and provides

a recommendation, leading to a positive payoff for the principal. However, in the safe state, the agent still

receives a transfer α but exerts no effort as he will use the unexplainable AI to provide a recommendation.

As there are no losses associated with an error, the agent always extracts a rent α.

We need to compare the different payoffs that can be obtained by the principal. Recall that the accuracy

of the unexplainable AI is p+ k, and the accuracy of the explainable AI is p. First, I derive the condition on

k upon which the principal prefers to offer the first best contract rather than asking for the unexplainable

AI recommendation only. Indeed, the higher the value of k, the lower the loss endured by the principal when

the cost associated with an error is equal to −V . Conversely, as both contracts imply that the agent uses

the unexplainable AI in the safe state, an increase or a decrease in k does not modify the difference between
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the principal’s profit obtained with the two contracts.

For the principal, an increase of k increases the profit associated with the unexplainable AI’s contract

relative to the profit associated with the first best contract. As a consequence, if k is high enough, the

principal prefers to ask for the unexplainable AI’s recommendation only. Indeed, the disutility faced by the

principal when he receives the payoff -V will be lower than the level of rent left to the agent.

Proposition 3. The principal prefers to offer the first best contract rather than asking for the unexplain-

able AI recommendation if and only if k < k̄ ≡ V q(1−p)−α
qV+q . Otherwise, the principal always asks for the

unexplainable AI’s recommendation.

Proof. When the principal offers a transfer t ≡ a to the agent, the principal’s profit is:

πFB
P ≡ p+ (1− q)k − a (4)

When the principal only asks for unexplainable AI’s recommendations, the principal profit is:

πU
P ≡ p+ k − qV (1− p− k) (5)

Thus, we have πFB
P = πU

P ←→ k < k̄ = V q(1−p)−α
qV+q

When the accuracy of the unexplainable AI is much higher than the accuracy of the explainable AI, the

first best contract will not be selected by the principal. It implies that the first best is not reached, leading

to a distortion.

The profile of the payoffs is given in the graph below. The dashed red line represents the social welfare,

which is equal to here, to the first best).

k(q, V )

πP

k̄

Figure 1: q > 2α
V (1−p)
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Now, I derive the conditions upon which the principal prefers to offer the first best contract rather than

imposing an effort ẽ to the agent in all states. Indeed, when the principal imposes a given level of effort ẽ

the level of effort is lower than the optimal level of effort when the loss is equal to V and of course higher

than the optimal level of effort when the loss is equal to 0. Thus, imposing ẽ implies a social loss, due to

the suboptimal effort exerted in the two states. However, this kind of contract implies that no rent is left to

the agent. Thus, if the overall loss for the principal is lower than the transfer left to the agent, the principal

prefers to impose an effort on the agent.

Furthermore, an increase in k increases the principal’s payoff associated with the first best contract, but not

the principal’s payoff if he proposes the third type of contract. Thus, there is naturally a minimum value of

k such that the principal prefers to offer the first best contract.

In Proposition 4, I show that if the value of V is too important, the principal always prefers to offer the first

best contract.

Proposition 4. If q ≥ 2α
V (1−p) , the principal prefers to offer the first best contract for all value of k

Proof. The optimal level of ẽ chosen y the principal should maximize the following expression:

πE
P ≡ p− aẽ− (1− p)qV (1− ẽ) (6)

The first order condition gives:
dπE

P

dẽ
= qV (1− p)− 2αẽ (7)

Solving for the first order condition gives ẽ∗ = V q(1−p)
2α . If q ≥ 2α

V (1−p) , the optimal value of ẽ should be

higher than 1, which is impossible. In that case, ẽ∗ = 1.

In that case, it is always better for the principal to offer the first best contract. Indeed, in the risky state,

the payoff associated with the two different contracts is the same, as the effort is equal to 1 in both cases.

However, if the loss associated with a bad decision is equal to 0, the principal receives a payoff equal to p−α,

as the agent still uses an explainable AI because the principal enforces it. However, if the principal offers

the first best contract, his payoff will be equal to p + k − α, as the agent can use the unexplainable AI in

this situation.

If the value of V is too important, or the probability that the risky state arises is too high, the principal will

set ẽ = 1. The overall cost in the two states will be equal to α. Thus, the third type of contract is clearly
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less profitable than the first best contract for the principal.

If the risky state arises less often, (or if the loss is quite low) the principal prefers to set an effort ẽ < 1.

Indeed, a decrease in ẽ increases the payoff of the principal when the payoff associated with an error is

null, but decreases the payoff of the principal when the payoff associated with an error is negative. If q is

sufficiently low, the first effect dominates the second, and the principal prefers to set a lower ẽ. Thus, we

will have ẽ < 1. In other words, the principal experiences a loss (1 − p)(1 − ẽ) with a probability q but

will receive a higher payoff when the cost associated with an error is null. Note that, if the third type of

contract is selected, the value of k does not impact the principal’s payoff. However, it positively impacts the

principal’s payoff when he offers the first best contract. Thus, for k sufficiently high, the principal would

prefer to offer this type of contract.

Proposition 5. If q < 2α
V (1−p) , the principal prefers to offer the first best contract rather than imposing a

given level of effort if and only if k > k

k ≡ (2α− (1− p)qV )2

4α(1− q)
(8)

Proof. As shown in the proposition above, the optimal effort when the

principal imposes that the agent exerts a given level of effort e∗ ≡ (1−p)V q
2α < 1. Thus, we have:

πE
P ≡ p− ae2∗ − (1− p)qV (1− e∗) (9)

We have πE
P = πT

P ←→ k ≡ k = (2α−(1−p)qV )2

4α(1−q)

The principal prefers to offer the first best contract rather than imposing an effort ẽ if the value of k is

sufficiently high. Indeed, the value of k positively impacts the profit associated with the first best contract,

as it increases the payoff of the principal in the safe state. Moreover, according to Proposition 3, the principal

offers the first best contract if and only if k is below a given threshold k̄. It implies that we can deduce the

values of k such that the principal selects the first est contract.

Proposition 6. Thus, the principal offers the first best contract if and only if k is in the interval [k, k̄].

Otherwise, the principal selects a contract that leads to sub-optimal outcomes from a social welfare perspective.

Proof. It directly comes from Proposition 3 and Proposition 5.

The profiles of the different payoffs, depending on k are presented below.



15

k(q, V )

πP

k̄k

Figure 2: q ∈ [q, 2α
V (1−p) ]

5.1 Comparative Statics

Now, I study how k̄ and k evolve with the probability that the risky state arises q. First, we assess how the

value of k̄ evolves relative to q

Lemma 1. The value of k̄ increases with q.

Proof. We need to show that the derivative of k̄ relative to q is positive. The derivative of k̄ relative to q is:

dk̄

dq
=

α

(V + 1)q2
> 0 (10)

Indeed, the higher the probability that a loss can happen, the higher the profit associated with the first best

contract relative to the unexplainable AI contract.

Now, we assess the effect of q on k

Lemma 2. The value of k decreases with q

Proof. We must show that the derivative of k relative to q is negative. As stated in Proposition 5, k ≡
(2α−(1−p)qV )2

4α(1−q) . The derivative of k relative to q is:

dk
dq

=
(2α− (1− p)V (2− q)))(2α− (1− p)V q)

4α(1− q)2
< 0 (11)

Here, I supposed that q < 2α
V (1−p) , the second term of the numerator is positive. Regarding the first term of

the numerator, we have 2α − (1 − p)V (2 − q)) > 2α − (1 − p)V ). Again, by assumption, this expression is

lower than 0. Thus, the product is negative, which ends the proof.
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Indeed, when the probability that the risky state happens increases, the payoff associated with the first best

contract increases relative to the payoff associated with the explainable AI contract. Indeed, by selecting

the first best contract, the principal is fully covered against all the potential losses. Thus, an increase in q

does not impact negatively the principal’s payoff on the losses side. If the principal selects the first best

contract. However, an increase in q implies that the loss V will happen more frequently to the principal if

he constrains the agent’s effort to ẽ < 1.

Thus, we can deduce the effect of q on the principal’s choice of contracts.

Proposition 7. There is a value q such that k = k̄. If q < q, the principal imposes a level of effort

e ≡ q(1−p)V
2α if k ≥ k̃ ≡ (2−q)(qV 2)(1−p)2

4(αqV+α) .

Otherwise, the principal asks for the unexplainable AI’s recommendation.

Proof. As shown in the Lemma 5, k is increasing in q, and k̄ is decreasing in q. Thus, there is a value q ≡ q

such that k̄ = k̄.

If q < q, offering a transfer against a penalty is never an option for the principal, for all values of k. Indeed,

if k > k̄, the principal prefers to offer a transfer rather than ask for the unexplainable recommendation only.

However, as bark < k, the principal prefers to impose a given level of effort rather than offer a transfer.

Conversely if k < k̄, the principal prefers to offer a transfer rather than impose a given level of effort rather

than offer a transfer. However, as bark < k, the principal prefers to ask for the unexplainable recommendation

only rather than offering a transfer. Thus, the principal only considers the options of imposing an effort

ẽ ≡ V (1−p)q
2α to the agent, or asking for the unexplainable AI’s recommendation. The principal compares the

two profit πE
P and πU

P , and we have:

πE
P > πU

P ←→ k < k̃ ≡ (2− q)(qV 2)(1− p)2

4(αqV + α)
(12)

There is a value of q such that the first best contract is never preferred by the principal, regardless of the

value of k. In that case, the principal asks for unexplainable AI if k is sufficiently high, and imposes an effort

ẽ otherwise. The subsequent profile of profit is given below:



17

k(q, V )

πP

k̃

Contract E

Contract U

Figure 3: q < q̃

6 Continuous Loss

Now, I suppose that there is a continuum of loss. The principal faces a project. Taking a good decision

leaves a payoff of 1, and making a bad decision implies a loss of V , with V following a distribution

function f(v) over a support range of [0, V ]. This new specification of the losses adds more complex-

ity to the model-and subsequently modifies how the contracts are settled between the agent and the principal.

The value of V is privately known by the agent. The principal can offer a penalty, whose value depends on

the realized value of the loss V . As in the previous section, the value of the penalty is bounded by V . The

principal can tailor a "menu" of penalties, depending on the loss he receives when the project fails. If we

refer to the previous section, the way to achieve the first best could be to offer t = α and a penalty that

equals the value of the actual loss. Indeed, with this specification, the couple penalty-losses (i.e. the first

best contract in the previous section) chosen by the principal does not necessarily lead to the social optima.

Indeed, in this setting, the principal might not propose a transfer equal to α, and a penalty equal to the

actual value of the loss, implying that the agent always delivers a recommendation and exerts the optimal

level of effort when he uses the explainable AI. The principal can propose a remuneration lower than α but

also a lower penalty value. Note that the optimal level of effort is exerted by the agent if and only if the

level of penalty is equal to the eventual level of loss. Thus, the principal diminishes the rent but implicitly

decreases the efforts of the agent in some states. Thus, the contract Moreover, the principal still compares

the payoff associated with the "second best" contract with the type-one and type-two contracts.

6.1 Characterization of the First Best

First, I determine the threshold value Ṽ ∗ such that when V > Ṽ ∗, it is socially preferable to use the

explainable AI. Otherwise, if V ≤ Ṽ ∗, it is socially optimal to use the unexplainable AI. Moreover, if
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V > Ṽ ∗, the agent should be incentivized to provide the optimal level of effort e∗ (e.g., the level of effort

that was defined in Proposition 1).

If we follow the logic that we used in the previous section, the best contract, from a social welfare perspective

involves transfer and penalty. To encourage the agent to provide an effort in all situations, the transfer

should be equal to α, to cover the agent’s costs when the effort is equal to 1. Moreover, the penalty should

be equal to V , to encourage the agent to exert the optimal effort.

In the next proposition, I prove that it is impossible to ensure that the agent uses the explainable AI if and

only if V > Ṽ ∗ and the unexplainable AI otherwise and that the agent exerts the optimal effort e∗ when he

uses the explainable AI. It implies that the first best cannot be reached with a contract involving monetary

transfers.

Proposition 8. Suppose that V = Ṽ ∗. The is a level of penalty β such that the agent is indifferent between

using the explainable AI and using the unexplainable AI is lower than 1.

Proof. The transfer is equal to α regardless of the technology used by the agent.

Suppose that the penalty is equal to the level of losses for all V . In that case, the effort of the agent is equal

to the first best effort e∗ ≡ V (1−p)
2α . The payoff of the agent when he uses the explainable AI is:

α− (1− p)(1− e∗)− αe∗2 (13)

This profit should be compared with the agent’s payoff when the unexplainable AI is used (e.g. α− (1− p−

k)V ). We have:

α− (1− p)(1− e∗)− αe∗2 > α− (1− p− k)V ⇔ V > V̂ ≡ 4αk

(1− p)2
(14)

If V < V̂ , when the value of the penalty is equal to the value of the loss, the agent prefers to use an

unexplainable AI. Otherwise, the agent uses the explainable AI, and the effort is equal to the optimal effort

e∗.

However, we proved that the value of Ṽ ∗ is

2αk

(1− p)2
+

2
√

(ak)2 + (1− p)2)

(1− p)2

It is straightforward that V̂ < Ṽ ∗. T Thus, if V is between Ṽ ∗ and V̂ , the agent prefers to use the explainable
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AI and set an effort e∗ whereas it is socially optimal to use the unexplainable AI.

The first best cannot be reached. Indeed, if V ∈ [Ṽ , Ṽ ∗] the principal prefers use the explainable AI and

This issue cannot be helped. Indeed, setting a penalty lower than the V experienced by the principal

implies a dead weight loss for the principal. Thus, he is never incentivized to do it, and selects a penalty

value equal to V.

6.2 The Private Equilibrium

Suppose that the principal offers the following contract: he sets t = α and a penalty equal to the value of

the loss. In that case, the agent always provides a recommendation and always performs the optimal effort

when the explainable AI is used. The profit obtained with t = α and full liability is:

∫ V̂

0

(p+ k − α)f(v) +

∫ V̄

V̂

(p− α)f(v) (15)

Due to the nature of the bounds, this is not the first best contract. However, this contract approximates

the first best. Can the principal increase its profit by selecting another strategy? Indeed, when looking at

the strategy presented above, it is clear the agent extracts a rent. The principal can decrease the level of

rent by decreasing the level of transfer t. Thus, the principal can offer t < α. However, by doing so, the

principal discourages the agent from providing a recommendation in the states where V is high. Thus, if the

principal proposes t < α, he may also decrease the level of the penalty inflicted on the agent, to ensure her

participation.

Lemma 3. For a given proposed transfer t < α, the agent accepts to send a recommendation if and only if

the value of the penalty is lower or equal than β, with:

β(t) =
2(α−

√
a2 − at)

1− p
(16)

Proof. The value of β is the value that equals the profit of the agent to 0. As, for a given β, the effort of

the agent is equal to e∗ = (1−p)β
2α namely:

πA(β, t) = t− β(1− p)(1− e∗)− αe∗2 (17)
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This value is equal to 0 for β(t) = 2(α−
√
a2−at)

1−p

The value of β cannot be higher than V. If the value of β found above is above V , the constraint is satiated,

and β(t, V ) is equal to V. In that case, the agent extracts a rent. Indeed, her payoff will be strictly higher

than 0. However, the principal is fully covered against the losses. If the value of β found above is lower than

V, it implies that the principal can constrain the agent’s profit to 0. However, as long as β < V , the agent

will perform a suboptimal level of effort. Indeed, only a penalty equal to the actual level of loss ensures that

the optimal level of effort is exerted by the agent.

Thus, we can establish the profit of the principal, for a given transfer t and his associated profile of penalties

β(V ).

1. If the value of the loss is under a given threshold Ṽ1, the agent prefers to use the unexplainable AI

2. If the value of the loss is between Ṽ1 ad Ṽ2, the principal sets a penalty β = 1. The effort of the agent

is the optimal level of effort, and the agent extracts a positive level of surplus

3. If V > Ṽ2, the principal sets a penalty equal to β < V ,. The value of the penalty imposes that the

profit of the agent is equal to 0. The principal stops when the expected payoff is equal to 0.

The value Ṽ1 is constant and equal to

Ṽ1 =
2αk

(1− p)2
(18)

The value Ṽ2 is attained when the payoff of the agent is equal to 0, when β is equal to 1 ad the agent uses

the explainable AI.

Ṽ2 =
2(α−

√
a2 − at)

1− p
(19)

If V > Ṽ2, the value of β such that, for t, the agent’s profit is equal to 0 is:

β(t) =
2(α−

√
a2 − at)

1− p
< V (20)

The integral representing the principal’s profit will be split in three. If V is low, the agent prefers to use the

unexplainable AI the principal must determine a penalty β, with β lower than V to ensure the participation.

In that case, the following conditions on β must hold.

The first condition implies that the agent’s payoff, given t, is equal to 0.
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The second condition guarantees that the principal’s payoff, given β, V , and t, must be lower than 0.

If V is high enough such that there is no β such that the profit of the agent and the profit of the principal are

positive, the principal prefers to set β = 1 for V > Ṽ2. Thus, the agent does not send any recommendations

for the highest values of V.

For each transfer that can be proposed by the principal, there is an optimal penalty vector B that maximizes

the principal’s profit

πP (t) =

∫ Ṽ1

0

(p+ k − t)f(v)dv︸ ︷︷ ︸
Unexplainable AI/Full Liability

+

∫ Ṽ2(t)

Ṽ1

(p− t)f(v)dv︸ ︷︷ ︸
Explainable AI/Full Liability

+

∫ V̄ (t)

Ṽ2(t)

(p− t− (1− p)(1− e∗(β(t)))(v − β(t)))f(v)dv︸ ︷︷ ︸
Explainable AI/Limited Liability

(21)

With :


β(t) = 2(α−

√
a2−at)

1−p

e∗(β) = β 1−p
2α

The profit of the principal can be divided into three parts. The first part of the equation

The two first parts of the principal’s profit are decreasing in t. Indeed, full liability is applied. Thus, the

principal is covered against all losses.

The last part of the profit represents the situation where the principal cannot enforce full liability, as the

agent’s profit would fall below 0 if so. Thus, the principal must offer a penalty equal to β, lower than V . By

increasing t, the principal can also increase the level of β in the last part of the profit, implying an increase

in this section.

Thus, decreasing the value of t implies an increase in the two first part of the principal’s profit and a decrease

in the last part.

Proposition 9. Depending on the distribution function f(v), there is a value of t < α that locally maximizes

the principal’s profit. I call this profit πt<α
P . If the mass associated with the highest values of is sufficiently

high, the principal sets t = α and β = V for all V . Otherwise, the profit of the principal is πt<α
P .

Sketch of the proof:

As seen in the lines above, the profit of the principal is compounded of three parts. The two first are

decreasing in t, the second one is increasing in t. More precisely, the derivative of the two first terms relative
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to t gives two linear in t. Conversely, given the values of e∗ and β, taking the derivative of the third part

regarding to t gives a convex term. Indeed, the expression of this part of the principal profit is a polynomial

expression, with an order higher than 2. Thus, the derivative of the principal’s profit is compounded by

a negative linear term, and a positive convex term. Thus, if the distribution function fits well, there is

a value of t such that the two terms equal each other. In particular, if the probability of reaching high losses is

If such a maximum exist, we must compare it with the principal profit when t = α. Selecting a transfer

slightly lower than α implies that the agent will never perform any recommendation is the expected loss is

too high. Indeed, he will not perform the effort e∗ = 1 for the high values of V . Moreover she will also will

not provide any recommendation for the highest values of V . Thus, depending on the shape of f(v) there is

a discontinuity n the principal’s profit around t = α. As a consequence we must compare the values of πt<α
P

and the principal profit when t = α.

In this proposition, I prove that the contract designed by the principal creates two distortions. First, selecting

a transfer lower than α implies that the agent prefers not to provide a recommendation in the riskiest states.

Moreover, if the transfer is lower than α, the agent will not perform the optimal effort for the highest values

of V leading to a social loss. Thus, a double distortion may be induced by the principal-agent scheme.

7 Conclusion

In this paper, I have shown the different contracts that can be settled between an agent and a principal, given

that different AI technologies can be used by the agent. There are asymmetries of information regarding AI

technologies that can be used and the effort exerted by the agent. I show that these asymmetries create some

distortions; indeed, due to the costless use of some AI technology, the agent can extract a rent. Indeed, the

principal has incentives to push down the transfer provided to the agent to diminish the rent left to her. By

doing so, the principal The result is fostered by the fact that unexplainable AIs are the most accurate ones.

A quite well performing unexplainable AI technology incentivizes the principal to offer a contract leading to

the use of the unexplainable AI only. Indeed, it diminishes the level of rent extracted but does not imply a

great disutility due to loss consecutive to AI’s errors for the principal. In this paper, I did not question some

interesting points. First, the costs associated with the creation of the different need to be studied. Indeed,

the results can change if we consider that different types of AIs are associated with such costs. Furthermore,

I only considered the private equilibrium between the principal and the agent. Due to the risks associated

with AIs, the intervention of a regulator to enforce a better use of AIs might be considered.
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