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1 Introduction

Advances in artificial intelligence (AI) create new opportunities to improve firm performance,
but realizing these gains depends on how firms organize work. Survey evidence identifies
organizational and cultural factors as leading obstacles to Al adoption (Li, Zhu and Hua, 2025).
One key determinant of these factors is middle managers, who play a central role in implementing
Al (Tsipursky, 2026). These managers translate organizational objectives into daily work and
build relationships that motivate employees (Field, Hancock and Schaninger, 2023). They exercise
discretion over how objectives apply to their units and what rewards to promise workers. That
discretion also allows them to pursue goals that differ from headquarters’.

We study how this discretion shapes the gains from using Al to improve performance mea-
surement. Al allows firms to track performance in real time and capture dimensions of worker
behavior that were once difficult to observe (Leonardi and Contractor, 2018; de la Garza, 2019;
Kellogg, Valentine and Christin, 2020). The effects these new measures create, however, depend
on how middle managers incorporate them into existing systems of evaluation and rewards.

Dingdong, an online grocery retailer, illustrates this situation. Its Al-assisted Voice of Customer
(VOC) system aggregates customer feedback, classifies complaints, attributes them to units or
workers, and feeds the resulting measures into KPIs. Headquarters defines the overall metrics,
while department managers translate them into standards and weights for their units. VOC is also
only one input into reviews and promotions: managers retain discretion to recognize contributions
that the scores miss (Li, Chen and Liu, 2025; Li et al., 2026). How, then, do middle managers
shape the gains from better measurement, and how should headquarters design measures in
response?

We study a hierarchy with headquarters, a manager, and a worker who allocates effort across
activities. Headquarters and the manager prefer different effort allocations. The manager is
essential in the baseline, so headquarters cannot contract with the worker directly. Headquarters
chooses a formal performance measure from a set determined by the firm’s Al capability. The
manager sets a bonus tied to this measure and may also promise a discretionary bonus for
contributions to her own goal. The manager and the worker interact repeatedly, allowing them to
sustain a relational contract.

The manager uses relational contracting to pull the worker’s effort away from the measured
direction and toward her own goal. Whether this serves headquarters depends on which is closer

to headquarters’ goal, the formal performance measure or the manager’s goal. The relational



contract helps headquarters when the formal measure is the less aligned of the two and hurts
headquarters when the measure is the more aligned.

In either case, the manager’s ability to sustain a relational contract depends on her fallback
position: what she can earn using formal incentives alone after reneging on a promised bonus. A
lower fallback increases what she loses from a breakdown in cooperation and allows her to sustain
a stronger relational contract. The formal measure headquarters designs therefore determines the
strength of the informal incentives the manager can sustain.

At low Al capability, the manager’s goal is closer to headquarters’ goal than any feasible formal
performance measure. The relational contract therefore benefits headquarters. Better formal
measurement can raise the manager’s fallback and crowd out this beneficial relational contract,
following the familiar logic of Baker, Gibbons and Murphy (1994). Headquarters optimally
withholds formal measurement to preserve the beneficial relationship.

Our main result arises at high capability, when better measurement can instead enable a
harmful relational contract. Once the formal measure is better aligned with headquarters’ goal
than the manager’s goal is, further alignment makes formal contracting less attractive to the
manager. Her fallback deteriorates. If the fallback becomes sufficiently unattractive, she can
credibly promise a bonus that redirects effort toward her own goal. A formal measure that
better reflects headquarters’ goal can thus reduce headquarters’ payoff by enabling the harmful
relationship.

Anticipating this, headquarters responds by choosing a deliberately imperfect performance
measure. It stops short of the most aligned feasible formal measure to keep the manager’s fallback
attractive enough to prevent the harmful relational contract. Relational contracting, therefore,
limits the returns to better performance measurement.

When headquarters designs the performance measure optimally, its payoff is flat at low
and high levels of Al capability and rises only in between, where headquarters adopts the most
aligned feasible measure without enabling a relational contract. The two flat regions have different
sources: preserving a beneficial relationship at low capability and preventing a harmful one at
high capability. Within a fixed hierarchy, technological progress can expand what is measurable
without improving what headquarters can achieve.

Further gains then require complementary organizational change. The Supplemental Ap-
pendix illustrates one possibility: headquarters may remove the managerial layer as Al capability
improves. The analysis thus connects to organizational complementarities (Brynjolfsson and

Milgrom, 2013) and provides a mechanism through which changes in organizational design can
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be necessary to realize the gains from Al (Brynjolfsson, Rock and Syverson, 2021).

Our paper connects to the literature on performance measurement and relational contracts.
Imperfect formal measures can distort effort allocation (Kerr, 1975; Holmstrom and Milgrom,
1991), and relational contracts can mitigate these distortions, with their credibility depending
on the parties’ formal fallback (Baker, Gibbons and Murphy, 1994, 1999, 2002, 2023). In these
two-party settings, optimal formal design often supports valuable relational contracts by reducing
the temptation to renege. We add a hierarchy in which the party controlling the relational contract
is not the party designing the measure. The new implication is that headquarters may refrain
from using better measures to prevent detrimental relational contracts between the manager and
the worker.

Our paper also relates to the literature on authority and incentives in hierarchies.! A principal
may hold formal authority while a better-informed subordinate exercises real control (Aghion
and Tirole, 1997). A supervisor who is better informed than the principal may collude with
the agent, and the principal can respond with collusion-proof contracts (Tirole, 1986), auditors
(Kofman and Lawarrée, 1993), or the choice of organizational form (Faure-Grimaud, Laffont and
Martimort, 2003). In these models the subordinate’s leverage comes from private information. In
ours it comes from the relational contract with the worker.

Recent work incorporates relational contracts into hierarchies.? Closest to our paper is Troya-
Martinez and Wren-Lewis (2023), who also study a principal who governs manager-agent rela-
tional contracts. They show that the relational contracts can help the principal by strengthening
the manager’s commitment, but can also support collusion. The principal governs this relationship
through the manager’s profit share and a cap on the price the manager can pay the agent. We
focus on a different governance instrument: headquarters designs the performance measure the
manager uses with the worker, which shapes not only formal incentives but also the manager’s
fallback after reneging, and thus the relational contract she can sustain.

Lastly, work on Al in organizations studies Al’s effects on tasks (Acemoglu and Restrepo,
2019), productivity (Brynjolfsson, Li and Raymond, 2025), worker motivation (Tong et al., 2021;
Chen et al., 2025), job design (Fahn, Li and Sun, 2026), decision authority (Athey, Bryan and Gans,
2020), and the structure of hierarchies (Ide and Talamas, 2025). We study Al as a measurement
technology. By expanding what a firm can measure, Al changes not only worker incentives but

also the manager’s informal control. That change can limit the value of better measurement.

ISee Bolton and Dewatripont (2013) and Mookherjee (2013) for reviews.
2See, e.g., Fong and Li (2017), Choe and Ishiguro (2022), and Li et al. (2025).



2 Model Setup

We develop a model of a three-tier organization composed of headquarters, a manager, and a
worker. The model has two stages. In the first stage, headquarters designs a formal performance
measure. In the second stage, the manager uses the measure to motivate the worker within a
long-term relationship. We model the relationship between the manager and the worker as an
infinitely repeated game a la Baker, Gibbons and Murphy (1994).

For clarity, we present these two stages in reverse order. We begin by describing the second
stage: the interaction between the manager and the worker. We first describe their single-period
(stage) game, then extend this to their repeated game and the strategies they employ. After
establishing this, we return to the first stage of the model, where headquarters designs the

performance measure that will govern the manager-worker interaction.

The Stage Game In describing the stage game, we omit time subscripts for convenience.

Effort and Value Creation. In each period the worker chooses an unobservable, two-dimensional
efforte = (e1,e2) > Oatacostc(e) = 1(e2 + ¢3). This effort stochastically determines the worker’s
contribution to headquarters’ value y;, and the manager’s value y,,. Assume that vy, and y,, are
binary, taking a value of either 1 (high) or 0 (low).

Headquarters and the manager value the worker’s effort differently. Each party has a preferred
effort direction, which we call its goal and represent by an angle: 6, for headquarters and 6,, for
the manager. When the worker’s effort aligns more closely with party i’s goal, a high value for

that party is more likely:
Pr[y; = 1|e] = cos (6;) e1 + sin (6;) e2, i€ {hm}.

We normalize 6, = 0 and, for expositional simplicity, set 6,, = 7. Headquarters therefore values
only the first dimension of effort, while the manager values both dimensions equally. Figure 1
shows these two goals in the (ej, e2) plane.

Performance Measurement and Compensation. As in Baker, Gibbons and Murphy (1994), we
assume that the true value of headquarters, vy, is observable but not contractible. Instead, formal
contracts must depend on an imperfect performance measure designed by headquarters at the
outset.

We represent the performance measure by an angle 6, € [0, 7]. In each period, this measure

yields an objective performance outcome p, which takes 1 (high) or 0 (low). The probability of a
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Figure 1: Goals for Headquarters and the Manager, and the Performance Measure.

high performance outcome
Pr[p = 1|e] = cos(8,)er + sin(6),)es.

Therefore, the performance outcome (p) is more likely to be high when the worker’s effort (e)
aligns more closely with the headquarters-designed performance measure (6,,).

To motivate the worker, the manager offers a compensation package. This package includes a
fixed salary s, a bonus b contingent on the worker’s contribution to the manager’s value (y,,), and
a bonus p contingent on the performance outcome (p). The worker’s total compensation is then
w = s+ by, + Bp.

The two bonuses differ in their enforceability. Because the performance outcome (p) can be
objectively measured, the bonus f is a formal contract enforceable by a court. In contrast, we
assume that the manager’s value (y,,) cannot be objectively measured, and therefore, cannot be
verified by the court. Consequently, the bonus b is a relational contract, paid at the discretion of
the manager.

Payoffs. The per-period payoffs for the three players are as follows. Headquarters” payoff is
its value, y,. The manager’s payoff is y,, — w, which is the manager’s value less the worker’s
compensation. The worker’s payoff is w — ¢(e), which is the worker’s compensation less the cost
of effort.

Timing of the Stage Game. The sequence of events within each period is as follows. First, the
manager offers the worker a compensation package (s, b, B). Second, the worker either accepts the
contract or rejects it. If the worker rejects, both the worker and the manager receive zero in that
period. Third, if the worker accepts, then the worker chooses an effort e. Fourth, the manager and

the worker observe the realization of the worker’s contribution (y,,), and the manager and the
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worker (and, if necessary, a court) observe the realization of the objective performance outcome
(p). Finally, if p = 1 the manager pays the bonus § dictated by the formal contract, and if y,, = 1

the manager chooses whether to pay the worker the bonus b indicated by the relational contract.

The Repeated Game and Strategies The manager and the worker play the stage game repeatedly
with a discount rate r. In the repeated game, we follow Baker, Gibbons and Murphy (1994) and
consider stationary equilibria in which the manager and the worker play the following trigger
strategies. The manager and the worker begin by cooperating: the worker trusts the manager’s
promise to pay the relational bonus b, and the manager honors this promise. They continue to
cooperate as long as the manager never reneges. If the manager ever reneges, they permanently
revert to the equilibrium formal contract in the one-shot game. This fallback position yields the

manager an expected per-period payoff of v°P°t, which we will derive later.

Headquarters’ Problem We now formally state the optimization problem for headquarters and
the manager. We begin with the manager’s problem for a given performance measure and then
turn to headquarters’ problem of designing the performance measure.

The Manager’s Problem. For a given performance measure 0,, the manager chooses the com-
pensation package (s, b, B) to maximize the manager’s expected payoff:

max 0 = Elyn —wle(b p)l,

subject to the following constraints.

(i) Incentive Compatibility: The worker must be incentivized to provide effort. The worker’s

chosen effort will be the one that maximizes the worker’s own expected payoft:
e(b, B) = argmax E[w|e] — c(e),

(ii) Participation: The worker must be willing to accept the contract. The worker’s expected

payoff must be greater than zero:
E[wle(b, p)] —c(e(b,B)) = 0,

(iii) Non-reneging: For the relational contract to be feasible, the manager must have an
incentive to honor the promise. The one-time gain from reneging on the promised bonus must be

less than the present value of the future payoffs lost from destroying the relationship:

—_

b < =(v—ovP),

<
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Headquarters” Problem. In the first stage, headquarters designs the performance measure 6, to
maximize its expected payoff. Headquarters does so with anticipation of how this choice will
shape the optimal compensation package the manager offers to the worker. Formally, headquarters

chooses 6, to maximize its expected payoff:

max Ely,] = ey,
9?’

subject to the constraint that ¢; is the first dimension of the effort vector e resulting from the
manager’s optimization problem defined above. To make the relational contract between the
manager and worker relevant in the performance measure design, we assume that the discount

rate 7 is smaller than a threshold 7.3

Remarks We conclude this section with three remarks on the model.

First, we summarize the measurement system by a single incentive direction, 6. This does
not mean that the system uses only one measure. Dingdong’s measurement system, for example,
combines multiple performance measures. The angle 6, captures the effort direction rewarded by
the resulting formal system. Allowing multiple measures does not change the main results.

Second, we assume headquarters maximizes its own value y;,. This objective is consistent with
the interpretation that headquarters allocates a fixed budget to the manager’s division, and the
manager pays the worker out of this budget. Alternatively, headquarters could maximize total
surplus. The Supplemental Appendix shows that our results remain qualitatively unchanged.

Finally, we assume that headquarters designs the performance measure while the manager
pays the bonus. Alternative settings could shift this balance of power: the manager could design
the performance measure (giving the manager more authority) or headquarters could pay the
bonus (giving headquarters more control). In practice, the relationship between headquarters
and managers varies considerably across organizations (see Chandler, 1977). Our model takes a

middle path between these extremes.

3 Preliminary Analysis: The Manager-Worker Relationship

In this section, we characterize the optimal formal and relational contracts that the manager offers

to the worker for a given performance measure 6,. We show that the manager’s choice of contracts

31f r > 7, the relational contract is not a binding constraint in the performance measure design, and the problem
simplifies to a measure design problem where the manager can only use a formal contract. We provide the expression

of 7 in the Appendix.



depends on the distortion in the performance measure from the manager’s perspective.
For the manager, the performance measure 6, is distorted whenever 6, deviates from the
manager’s goal (7). We define the distortion in the performance measure by 6 = |6, — |. The

following lemma shows how this distortion determines the optimal formal and relational contracts.
Lemma 1. The optimal formal (B) and relational (b) bonuses are functions of the distortion (6):
(i) If8 < 8, the manager relies solely on the formal contract (b = 0), with B decreasing in 6.

(if) If 0 > 0, the manager also uses the relational contract (b > 0), with b increasing and B decreasing

in 0.
The threshold 8 increases in the discount rate r.

Lemma 1 shows that whether the manager can sustain a relational contract depends on the
distortion in the performance measure (Figure 2a). When distortion is high ( > ), the manager
can sustain a relational contract (b > 0). When distortion is low ( < ), the manager cannot
sustain any relational contract (b = 0) and must rely solely on the formal contract.

As in Baker, Gibbons and Murphy (1994), the feasibility of the relational contract depends
on the attractiveness of the manager’s fallback position after reneging. Recall that the fallback
is v°P°! that the manager earns by reverting to the formal contract alone. The formal contract is
more effective for the manager when the performance measure is less distorted. Consequently,
the fallback payoff v°P®" is decreasing in 6.*

Given the payoffs from honoring (v) and from reneging on (v°P°!) the discretionary bonus b, the
manager honors the relational contract if and only if the present value of the relationship exceeds
the size of the bonus: (v — v*P%) /r > b. When distortion is high (6 > ), the fallback payoff v*P°*
is low. The present surplus of the ongoing relationship, (v — v°P°!) /7, is then large, so the manager
can credibly sustain a relational bonus. If the distortion decreases, v*P°" improves and reduces
the present value of the relationship. The manager can then sustain only a smaller relational
bonus and relies more heavily on the formal contract. Once distortion becomes sufficiently low
(6 < 0), the fallback position is so attractive that the manager will renege on any relational contract
(b=0).

The worker’s effort allocation, therefore, depends on the performance measure through its

effect on the optimal contracts. When the distortion in the performance measure is low (6 < ),

“Formally, the equilibrium formal contract in the one-shot game yields the manager an expected per-period payoff

of vSPOt(9) = % cos2(9), which increases as 6 decreases.
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Figure 2: Distortion Determines the Optimal Bonuses and the Worker’s Effort

the manager offers the formal contract only. Consequently, the worker’s effort aligns with the
formal performance measure, 0, (Figure 2b). In contrast, when the distortion is high (6 > 0), the
manager also relies on the relational contract. Because the relational contract rewards the effort
that aligns with the manager’s goal (7), it pulls the worker’s effort away from 6, and toward 7
(Figure 2c).

The preceding analysis establishes how any given performance measure shapes the manager-
worker relationship and, in turn, the worker’s effort. We can now address the central question of
this paper: how does headquarters, anticipating this manager-worker relationship, design the

performance measure?
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4 Al Capability and the Design of Performance Measures

We now turn to headquarters” problem: choosing a performance measure 0, to best align the
worker’s effort with headquarters’ goal, located at 0. The analysis proceeds in three steps. First, we
show how a performance measure affects headquarters” and the manager’s payoffs. Second, we
introduce the firm’s Al capability, which constrains the set of feasible measures, and characterize

the measure headquarters adopts. Third, we ask when greater Al capability creates value.

4.1 The Effect of Performance Measures on Headquarters and the Manager

A performance measure 0, affects the payoffs of headquarters and the manager in two ways.
Directly, the measure enters the formal contract. Indirectly, the measure shapes the relational
contract through the manager’s fallback. The formal contract tilts effort toward the measure, and
the relational contract tilts effort toward the manager’s goal.

The following lemma shows how both payoffs change as the measure becomes more aligned

with headquarters’ goal.

Lemma 2. As the performance measure 6, becomes more aligned with headquarters’ goal, moving from 7

toward 0, the payoffs of headquarters and the manager change as follows:
(i) Both payoffs decrease as 6, decreases from 7 to 7 + 0.
(i) Both payoffs increase as 0, decreases from 7 + 0 to T
(iii) Headquarters’ payoff increases and the manager’s payoff decreases as 6, decreases from 7 to 7t — 0.
(iv) Headquarters’ payoff decreases and the manager’s payoff increases as 6, decreases from 7 — 0t00.

The lemma divides the range of measures into four regions, as Figure 3a shows. In the first
two regions, the interests of headquarters and the manager are aligned: as the measure improves,
both payoffs fall in region (i) and both rise in region (ii). In the last two regions, their interests
diverge: headquarters gains at the manager’s expense in region (iii), and the manager gains at
headquarters’” expense in region (iv). In the figure, relational contracts emerge at both extremes,
shown as the shaded regions. In between, the manager relies on the formal contract alone.

Regions (i) and (ii) follow the familiar two-party logic in Baker, Gibbons and Murphy (1994).
The hierarchy effectively reduces to two tiers because headquarters and the manager are aligned
in these regions. In region (i), the measure is far from both goals. The manager’s fallback is
therefore unattractive, and she sustains a relational contract that pulls effort toward her goal and
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Figure 3: Headquarters” and the Manager’s Payoffs Across Performance Measures

closer to headquarters” goal. As the measure improves, her fallback becomes more attractive and
crowds out this beneficial relational contract. Effort shifts toward the formal measure, which
remains distorted for both parties, so both payoffs fall (Figure 3b). In region (ii), the relational
contract is gone, and further improvements move effort closer to both goals and raise both payoffs.

Regions (iii) and (iv) are where the hierarchy matters. Once the measure crosses the manager’s
goal, headquarters and the manager come into conflict: a measure closer to headquarters’ goal

is now farther from the manager’s. Whether the manager can counteract through relational

12



contracting distinguishes the two regions.

In region (iii), the manager cannot sustain a relational contract. The measure remains close
enough to her goal that her fallback is attractive, so she would renege on any relational contract.
Effort therefore follows the formal measure. As the measure improves, effort shifts toward
headquarters’ goal and away from the manager’s. Headquarters’ payoff rises, while the manager’s
falls.

In region (iv), the manager can again sustain a relational contract, and it now works against
headquarters. Once the measure moves past 7 — @ toward headquarters’ goal, it lies far enough
from the manager’s goal to make her fallback unattractive. The relational contract becomes
credible and pulls effort away from the more aligned measure and back toward the manager’s
goal. As the measure improves further, her fallback becomes less attractive and the relational
contract strengthens, pulling effort farther back (Figure 3c). Headquarters’ payoff falls, while the
manager’s rises.

In short, improving formal measures first crowds out “good” relational contracts, and then, if
pushed too far, creates “bad” ones. The former is familiar. The latter arises only in a hierarchy,
where the manager can exploit discretion to form an informal relationship below. Headquarters
must therefore design the measure not only to guide the worker, but also to govern the manager,

as we next show.

4.2 Optimal Measurement Design

We now ask which measure headquarters should adopt. The set of feasible measures depends on
the firm’s Al capability. Define the firm’s Al capability 0 € [0, 5] as the most aligned measure
headquarters can implement. Headquarters can choose any measure 6, > 0 but cannot choose
a measure below 0. A lower 0 therefore corresponds to higher capability: the firm can design
measures more closely aligned with headquarters’ goal.

Given the capability §, headquarters chooses the feasible measure that maximizes its payoff.

The proposition below characterizes the optimal choice.
Proposition 1. The optimal performance measure depends on the firm’s Al capability:
(i) For firms with low capability (6 € (§, 5]), headquarters implements no formal measure.
(ii) For firms with moderate capability (0 € [Z — 0, X)), headquarters implements 0, = 0.
(iii) For firms with high capability (8 € [0, Z — 0)), headquarters implements 0, =171— 0.
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The proposition shows that the optimal measure is not always the most aligned one available.
For firms with low capability, headquarters withholds the measure entirely, implementing no
formal measure. For firms with moderate capability, headquarters implements the most aligned
available measure. For firms with high capability, headquarters restrains the measure at 77 — 0
rather than pushing it to its technological frontier.

The choice in each regime follows from Lemma 2. When capability is low, introducing any
formal measure would risk crowding out a relational contract that benefits both headquarters
and the manager. Headquarters therefore withholds the formal measurement and relies solely
on the manager’s relational contract. This aligns effort with the manager’s goal F—imperfect for
headquarters, but the best headquarters can attain. The concern behind this choice echoes Fei’s
account of pre-1949 rural China, where the new judicial system was destroying the original ritual
order but had not yet established an effective order based on law (Fei, 1992, p. 106).

When capability grows to moderate, headquarters implements the formal measure and pushes
it to the technological frontier. The measure is now closer to headquarters’ goal than the manager’s
goal is, so it directs effort more effectively than the manager could. The manager loses because
effort moves away from her goal and toward headquarters” goal. But she cannot counteract the
measure through relational contracting because her formal fallback remains attractive enough.

When capability becomes high, pushing the measure to the technological frontier would
backfire. A measure more aligned than 7 — 0 would lie too far from the manager’s goal, worsen
the manager’s formal fallback, and let the manager sustain a relational contract again, one that
would pull effort back toward the manager’s goal. Headquarters therefore restrains the measure
at J — 0, the most aligned measure that still prevents the relational contract from forming,

We call the last strategy strategic imperfection: headquarters restrains its use of the technology to
keep the manager from building informal control beneath the formal system. Thus, even though
no relational contract forms at the optimum, the threat of one shapes the design.

The use of formal imperfection to contain informal control echoes observations from organi-
zational studies. In Men Who Manage, Dalton (1959) describes the Field Work Department as a
“theoretically sound” control system. Yet it was “undone by politics” because it failed to fit the
informal relations among local managers and foremen. The central office’s response was not to
impose a more complete control system. It sought to “fit its scheme” to local managers” attitudes
while shifting some control back to the office. Our result captures this logic.

The three regimes show how headquarters’ stance toward the manager changes with capability.

Under low capability, the manager is an ally: headquarters relies on the manager to direct the
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worker. Under moderate capability, the alliance breaks and headquarters begins to implement its
own formal measure to discipline the manager. Under high capability, the manager becomes a

potential threat, which headquarters contains through strategic imperfection.

4.3 The Return to AI Capability

After characterizing the optimal measure for a given Al capability, we now ask how headquarters’
payoff changes as capability improves. Greater capability lowers 6 and expands the set of feasible

measures. The next proposition characterizes the return to Al capability.

Proposition 2. As Al capability improves, so that 0 decreases from 7 to 0, headquarters” payoff under the

optimal measure 6,:
(i) is constant as @ decreases from % to 7,
(if) strictly increases as 0 decreases from F to F — 0;
(iii) is constant as 0 decreases from 7§ — 0 to 0.

Proposition 2 shows that, as Al capability improves, headquarters’ payoff stays flat at low
capability, rises at moderate capability, and plateaus at high capability (Figure 4). The intuition
follows from Proposition 1. When capability is low, headquarters gains nothing from improving
capability: it withholds the measure and relies on the manager. Once capability crosses 7,
headquarters begins implementing the frontier measure (6, = ), so each further improvement
raises headquarters’ payoff. Yet pushing beyond 7 — 0 yields no additional return. Headquarters
no longer uses the frontier measure. It holds the measure back to prevent the manager from
sidestepping formal control through a relational contract.

The final plateau reflects an organizational constraint, not a technological one. Headquarters
deliberately uses a less aligned measure to govern the middle layer of the hierarchy. Our results
are therefore most relevant when middle managers remain necessary for reasons outside the
model. Span of control may be limited, local information may matter, tasks may be hard to codify,
or workers may need guidance. In such settings, headquarters cannot simply replace the middle
layer with a better measure. The measure still works through the hierarchy, and the hierarchy
shapes what the measure can achieve. Further gains from Al may therefore require rethinking

the hierarchy itself; the Supplemental Appendix explores one option.
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Figure 4: The Return to Al Capability

5 Conclusion

In a hierarchy, a performance measure is more than a formal incentive device. When the manager
who applies it retains informal control over the worker, the measure also shapes that informal
control. This paper studies how headquarters should design Al-enabled measures in such a
setting. Al expands the set of formal measures headquarters can implement, but the manager
sustains the relational contract with the worker. The measure therefore affects worker effort
not only directly, through formal incentives, but also indirectly, through relational incentives by
changing the manager’s fallback payoff after reneging.

The interaction between the formal measure and the manager-worker informal relationship
shapes the optimal use of Al capability. When capability is low, headquarters withholds formal
measurement, because any available measure would risk crowding out a manager-worker rela-
tionship that serves headquarters. When capability is moderate, headquarters adopts the most
aligned measure it can implement. When capability is high, headquarters deliberately holds back,
choosing an imperfect measure tilted toward the manager. This strategic imperfection keeps the
manager’s fallback attractive enough to prevent a relational contract that would work against
headquarters.

The return to Al capability is therefore zero when capability is low or high, and positive only
in between. The zero return at high capability reflects an organizational constraint. Where formal

measures must work through middle managers, realizing further value from Al may require

16



complementary changes in organizational design rather than better measurement alone.

Appendix

Preliminaries. Consider a compensation package (s, b, B). If the worker believes the manager

will honor the relational contract, the worker solves
max s +b Elyn|e] + B E[ple] —c(e),
yielding
e(b,p) =b- (cos F,sin ) + B - (cos By, sinb,). (1)
The worker accepts the compensation package if the expected payoff is non-negative:

s+ b E[yu|e(b, B)] + B E[ple(b, p)] — c(e(b, B)) = 0. (2)

The manager’s expected payoff per period, given b and B, is

Elyw|e(b, p)] = {s +bE[yn|e(b, B)] + BE[ple(b, )]} (3)

The manager sets s at the lowest level satisfying (2). Substituting into (3) yields the manager’s

expected payoff v(b, B):
v(b, B) = E[yml|e(b,B)] — c(e(b, B)) = b+ Bcosd — 3 (b* + B>+ 2bBcosb),

where 0 = |0, — 7| is the distortion.

In spot contracting, relational contracts are infeasible (b = 0). The manager chooses B
to maximize v(0, ), which yields Pt = cos6 and a fallback payoff v*P*t = 1cos?6. In the
repeated relationship, the manager maximizes v(b, ) subject to the non-reneging constraint

b < (v(b, B) — v*P°") /r. Throughout, we assume 0 < r < 7 := sin?(Z).

Proof of Lemma 1. Note thato(b,8) =1 — 1(1—b)?sin?6 — L[ — (1 —b) cos 0], s0v < 1.

If sin” @ > 2r, the contract b = 1, B = 0 reaches this upper bound, and it satisfies the non-
reneging constraint because v — v5P% = % sin?6 > r.

Suppose sin?6 < 2r. Then rb < v — v*P°t < lsin®6 gives b < 1. Because B affects v only
through —2[B — (1 — b) cos 0]%, setting B = (1 — b) cos § maximizes v and hence also relaxes the

non-reneging constraint, which becomes b [(sin @ — r) — bsin® ] > 0. Because v = 5 — 1(1 —
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b)? sin? § increases in b < 1, the manager sets b at the largest value that satisfies the non-reneging

constraint. This yields b = 0if sin?# < r,and b = 2(1 —r/ sin?0) if r < sin?6 < 2r.

Consequently,
0, 6 <6,
b(o) = 2<1— ) 6 <0<0re, and P(6)=[1-D(6)]cos
sin” 6
1, 0 = Orc,

where § = arccos+/1 — r and Orc := arccos+/1 — 2r, both of which increase in r. Under the

assumption r < sinz(g), we have r < %, s00< 6 < Orc < 7. These prove the lemma. [J

We now express the two payoffs as functions of the measure 6,. Headquarters’ payoft is the

first dimension of effort in (1),
m(6,) = b(6,) cos § + B(6,) cos B,

and the manager’s payoff is v(6,) = v(b(6,),B(6,)), where b(0,) and B(6,) are the optimal

bonuses from Lemma 1, evaluated at 6 = [0, — F|.

Proof of Lemma 2. We characterize the two payoffs in the three regions from Lemma 1’s proof.
Pure relational region. If § > Ogc, then b = 1 and B = 0. Hence 71(6,) = cos ¥ and v(6,) = 3.
Both payoffs are flat in this region.

Pure formal region. If 6 < 0, then b = 0 and B = cos . Hence

1
m(6p) = cos(f, — F)cosf, and v(f,) = 5 cos?(0, — 7).
Differentiating headquarters’ payoff gives 577; = —sin(20, — Z). Under r < sin*(%Z), we have
6 < Z. Thus, in terms of 6, the pure formal region satisfies 6, € [ — 0, I+ GA} C [Z237].
On this ,-interval, 77(6),) decreases, and it strictly decreases on the interior (¥ — 8, + ). The

manager’s payoff is maximized at 6, = 7 and strictly decreases as 6, moves away from 7.

5 6) and B = (1 — b) cos 6. Substituting these

Interior region. If < 0 < Oge, thenb =2 (

bonuses into headquarters’ payoff gives

7 T
0,)=2(1-—— Z4
m(0p) ( sin%@,,—{,f)) cos

Differentiating with respect to 6, gives

o7t \V2r . -
E = 7811‘12(9;3 — %) -|-s1n(29p - Z)‘
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On the right interior interval 8, € (£ + 8, Z + 6gc), both terms are strictly positive, so 77(6,)
strictly increases.

On the left interior interval, 6, € (§ — Orc — ), the derivative is positive at the left endpoint:

o

hﬁiﬁ %m

+sin(§ —26gc) >0,

%*%_%C

where the inequality uses 6rc < 7. Moreover,

0’1 cos(0p — 1)
27 —2cos(20, — T)+2V2r—— P45,
007 —sin’(0, — ¥)
because both terms are strictly positive when 6, € (£ — 0rc,  —8) C (0, Z). Hence 71(6),) strictly

increases on (¥ — Orc, T — 0).

For the manager, the non-reneging constraint binds in the interior region, so

v(0p) = P +1b = L cos?0 +2r — 2
P 2 sin? 6
Differentiating with respect to 6 gives
d 6
d—z = %(Zr — sin? 0) (27 + sin?0).

Because 6 < frc implies sin” 0 < 2r, this derivative is strictly positive. Thus the manager’s payoff
increases with the distortion 6: it strictly decreases in 6, on (§ — 6rc, § — f) and strictly increases
in 6, on (X +0, %+ 0rc).

Combining the three regions gives Lemma 2. []

Proof of Proposition 1. Headquarters chooses 0, € [§, | or withholds the measure. If head-
quarters withholds the measure, the manager relies on the relational contract, so headquarters
obtains cos 7. Using Lemma 2 and its proof, we consider three cases.

Low capability (0 € (4, 75]). Every feasible measure yields at most cos §, so withholding is
optimal.

Moderate capability (6 € [§ — 0, Z1). Headquarters’ payoff rises as 6, falls on [0, §]. Because
(%) = cos 7, while measures above 7 yield at most cos 7, 6, = 0.

High capability (6 € [0, — 0)). Headquarters’ payoff is maximized at T 0, which is feasible.
Hence 6, = 7 — 6.0

Proof of Proposition 2. The result follows by substituting the optimal design from Proposition 1
into headquarters” payoff. [
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Supplemental Appendix to

“Governing Informal Incentives: Al Capability and Performance
Measure Design in Hierarchical Organizations”

Yao Huang Jin L1 LingranG (Ivy) Li

Notation. We follow the main text. For a measure 6, with distortion 6 = |6, — |, 7w(6,) and v(6,)
denote headquarters” and the manager’s payoffs under the manager’s optimal contracts b(6) and
B(0) (Lemma 1 and the Appendix of the main text). The thresholds are § = arccos /1 — r and
Orc = arccos v/1 — 2r, with 0 < r < sin® (%) Al capability is 6, the most aligned feasible measure.

S1 Headquarters Maximizing Total Surplus

Suppose that, at the outset, headquarters chooses the performance measure and offers the manager
a fixed transfer t, expressed as a per-period equivalent. The manager then decides whether to
accept the offer or take an outside option worth @ > 0, also expressed as a per-period equivalent.
If she accepts, the repeated game between the manager and the worker proceeds exactly as in the
baseline model.

The manager accepts headquarters’ offer if t + v(6,) > ©. Headquarters sets the transfer
so that this participation constraint binds, yielding t = & — v(6,,). The worker’s participation

constraint also binds. Total surplus generated within the hierarchy is
S(ep) =E[yy +ym | el —cle) = 7'[(9;7) + 0(9,,),

and headquarters’ payoff is 77(6,) —t = S(0,) — 3. Because 7 is constant, headquarters chooses
6, to maximize S(6,).

Let§ := T — 1arctan (1 - %) ~ 0.265 and 65 := min{f,0}.

Lemma S1. As the performance measure 0, becomes more aligned with headquarters” goal, moving from

7 toward 0, total surplus S(60),) changes as follows:
(i) Total surplus decreases as 0, decreases from 7 to 7 + 0.
(ii) Total surplus strictly increases as 8, decreases from 7 + 0 to T —0s.

(iii) Total surplus decreases as 0, decreases from % — 6 to 0.
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Lemma S1 shows that total surplus is maximized at 7 — 65, a measure below the manager’s goal.
Two forces limit how far headquarters aligns the measure. The first is the relational-contracting
constraint from the baseline: below 7 — 0, the manager sustains a relational contract that pulls
effort back toward her goal. The second comes from the total-surplus objective itself: even without
a relational contract, moving the measure further toward headquarters” goal raises headquarters’
payoff but lowers the manager’s. The angle 8 balances this second tradeoff, so headquarters holds

back at £ — min{9, }.

Proposition S1. Under the total-surplus objective, the optimal performance measure depends on the firm'’s
Al capability:
(i) For firms with low capability (6 € (¥, %), headquarters implements no formal measure.
(it) For firms with moderate capability (0 € [§ — 0s, T]), headquarters implements 0, = 0.
(iii) For firms with high capability (6 € [0, § — 65s)), headquarters implements 0, =7 —0s.

Total surplus under the optimal measure is constant as 0 decreases from 5 to 7, strictly increases as 0

decreases from 7 to T — 0s, and is constant as 0 decreases from § — 6 to 0.

Proposition S1 has the same three regimes as Proposition 1 in the main text. As Al capability
improves, total surplus stays flat at low capability, rises at moderate capability, and plateaus at
high capability. Only the held-back point moves. Because 65 < 6 as headquarters now internalizes

the manager’s payoff, headquarters holds back weakly more than in the baseline.

S2 Organizational Form

In this section headquarters can choose whether to retain or remove the managerial layer. If it
retains the layer, it offers the manager the fixed transfer of Section S1. If it removes the layer, it

contracts directly with the worker through formal contracting.

Proposition S2. The optimal organizational form depends on Al capability 0 and the manager’s outside

option U as follows:
(i) For sufficiently low values of 9, headquarters always retains the managerial layer.

(ii) For intermediate values of 0, there is a cutoff Op in the high-capability region. Headquarters retains

the managerial layer when 6 > 0p and removes the layer when 6 < 0p.
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(iii) For still higher values of 0, headquarters may remove the managerial layer even at lower levels of Al

capability.

Proposition S2 shows when Al capability leads the firm to remove the managerial layer. If the
manager’s outside option is low, retaining her remains optimal even as Al capability becomes
arbitrarily high. If her outside option is higher, headquarters initially retains the layer but removes
it once Al capability becomes sufficiently high, as Figure S1 illustrates. To see why, notice that as
Al capability improves, direct contracting becomes more valuable, while the payoff from retaining
the managerial layer eventually plateaus. A higher outside option makes the manager more costly

to retain, so sufficiently high Al capability leads headquarters to remove the layer.

Payoff

Remove Manager

-9 il Al Capability
° b (6 decreasing)

IR
IR

Figure S1: Organizational Form and the Return to AI Capability
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Proof of Lemma S1. We use the bonuses and payoffs from the proofs of Lemmas 1 and 2 in the
main text, and write § = |6, — T |.

Pure relational region. If 6 > Orc, then b = 1 and B = 0, so effort is (cos 7, sin ) for every 6,
and total surplus is constant at cos Z + 1.

Right interior region. 1f 0, € (% + 0, T + 0rc), both 71(6,) and v(6),) strictly increase in 6,,, hence
so does S.

Pure formal region. If 6 < 0, then b = 0 and B = cos b, so S(Gp) = costlcost), + % cos?f and

dS

d9 —sin (20, — §) —%sin (26, — %).

PN

On (%, 5+ @], dS/db), is strictly negative, so S strictly increases as 6, decreases to 7. On [F — 6, ],

23 o

@ = —2cos (20, — F) —sin(26,) <0,

because § < Z implies 0, € [Z, Z], where cos(26, — T ) and sin(26,) are both strictly positive. The
0

first-order condition is tan(26,) = 1 + Y2 with unique solution 6, = Z — 0. By strict concavity,

S is maximized on [ -9, %] at the point of that interval nearest 7 — 6, which is 7 — 05 because
0 > 0. S strictly increases as 0, decreases to that point and decreases as ), decreases further.
Left interior region. If 6, € (§ — Orc, § — é), then 6 = § — 6, and the proof of Lemma 2 in the

main text gives

dr V2r . dou . 4r2 cos 6
i, ey +sin (§ —20) and a6, = sinfl cosf — “dg

These yield

dS \fr <1_2\/ cos 0

d9 nZd > (sin (£ —20) + 3 sin(20)).

Both terms are positive. For the first, because = sin?# and 8 > 8 on this region,

2V2r ijg < 2V2 sinfcosh = v2sin(20) < 1,

where the last inequality uses § < % - For the second, expanding sin(§ — 26) gives § cos(260) —

\/52’1 sin(26), which for 20 < Z is positive if and only if tan(26) < 2+ v/2. This holds because
sin? Orc =2r <1-— % gives 0 < Orc < arcsiny/1 — @ ~ 0.572, while % arctan(2 + \@) =~ 0.643.
So § strictly increases in 6, on this region. The four regions and the continuity of S give the lemma.

O
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Proof of Proposition S1. Withholding the measure leaves the manager with the relational
contract alone, so total surplus is cos Z + . This equals S(% ), because 6, = T induces the same
effort, and also equals S(7). By Lemma S1, every measure weakly above 7 therefore yields at
most S(F ), and total surplus strictly increases as 6, decreases to 7 — 65 and decreases thereafter.
Hence, when 6 > 7, withholding is optimal. When 6 € [J — 65, §], surplus strictly increases as
0, decreases to 6, so 0, = 0. When 6 < § — s, the measure § — 0 is feasible and strictly better
than any other measure, so 6, = | — 6s. The final statement follows by substituting 6}, into S and

applying Lemma S1(ii). [J

Proof of Proposition S2. Let S* := S(§ — ), and let ¥ () denote the highest total surplus

generated within the hierarchy. Proposition S1 implies

cos 7 + %, 0 e (. 51,

sH(9) = S(6), 0€lf—0s 7%l

5%, 6 <0,F—06s).

Headquarters’ payoff from retaining the managerial layer is S () — 4.

After removing the layer, headquarters offers the worker a fixed salary and a formal bonus p
based on 6. The worker’s participation constraint binds, so headquarters chooses p to maximize
Bcos B, — 1 B2. It therefore sets B = cos 0, and chooses the most aligned feasible measure 6, = 6.
Direct contracting consequently yields SP(6) = 3 cos? .

Headquarters retains the managerial layer whenever S7(8) — SP () > o. In the low-capability
region, this surplus advantage of the hierarchy exceeds - 5T 1. In the moderate-capability region,

2\; + f: ! sin(26) + ﬁ; L

which is concave in § on this interval, so its minimum occurs at an endpoint. The smallest surplus

sH(B) —sP ) = cos(20),

advantage of the hierarchy before reaching the plateau is therefore

1 1
A—mm{f T S* —2c052<Z—95)}.
Both terms defining A are strictly greater than S* — 1. For the second term, this follows from

s < 7. For the first, the optimal measure induces a pure formal contract, so
T 1 1 1 3
S* — cosf (7 iy ) Z cos?0s < 1 °

cos fs cos | - — s > cos? fs +—= \[ 2 +
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The first inequality is because of cos 0 cos(Z — ) < (1 + %) Hence (S* — 1, A) is nonempty.

If 5 < S* — 1, the surplus advantage of the hierarchy is at least o at every capability level.
Headquarters therefore always retains the managerial layer, proving part (i).

Now suppose S* — 1 < o < A. Headquarters retains the layer before the plateau. On the
plateau, its surplus advantage decreases from S* — %cosz(% —0s) to §* — % as 0 falls to zero.
It therefore removes the layer once 8 falls below 0p(0) = arccos \/2(S* — @), where 0p(0) €
(0, § — 6s). This proves part (ii).

Finally, if > A, direct contracting becomes optimal at some capability levels before the
hierarchy reaches the plateau. As @ increases, the set of capability levels at which headquarters
removes the layer expands, and for > cos ¥ + 3 headquarters removes the layer at every

capability level. This proves part (iii). [J
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