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Abstract

How should firms select and incentivize managers who allocate resources based on
private information when their performance is imperfectly measured? We show that, con-
trary to common wisdom, firms may benefit from appointing managers with misaligned
preferences. When performance can be measured more accurately along one dimen-
sion than another, firms optimally select managers who are biased toward the poorly
measured dimension. This allows to provide strong performance-based incentives on the
well-measured dimension while relying on managerial bias to counterbalance substitution
effects. As a result, firms with worse performance measurement on some dimension will
tend to hire more biased managers, such as managers with strong prosocial or environ-
mental motivations. This framework can explain apparent inconsistencies between firms’
stated objectives and the explicit incentives they provide, and it offers a novel perspective

on the strategic roles of corporate culture and corporate social responsibility.
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1 Introduction

Managers play a special role in organizations. Whereas most employees follow instructions
and execute their assigned tasks, managers assign tasks and make decisions. Many of these
decisions are resource allocation decisions. They make these decisions because they are better
informed or better able to make sense of relevant information than their employers. This
informational advantage emanates from expertise and circumstantial data. For example, a
CEQO can evaluate the merits of an investment project for her firm once she goes over a
valuation analysis. Some agents also make decisions with resource allocation implications
based on their expertise and information. For example, a medical doctor can diagnose an
illness and prescribe medical interventions when she sees a patient. For short, we refer to all
such agents as managers.

Economic agents have heterogeneous preferences, including social preferences (Wrzesniewski
et al. (1997), Cassar and Meier (2018), Fehr and Charness (2025))[] so that they may have
different preferences about resource allocation decisions. In particular, their preferences could
differ from their employer’s. For example, a potential CEO may have a preference for envi-
ronmental projects whereas the firm’s board is mostly concerned with financial returns. A
medical doctor may be concerned about her patients’ welfare whereas the hospital mostly
cares about the cost of treatment.

The performance of a manager can usually be measured, although these measures are of-
ten imperfect. Moreover, managers with a deep understanding of the production process can
largely anticipate how their resource allocation decisions will affect their measured perfor-
mance, as modeled in Baker (1992). For example, a well-informed CEO can understand the
profitability implications of cutting some greenhouse gases emissions, as well as the effect of
these cuts on measures of the firm’s environmental performance.

In this context, we study which type of manager an employer would rather appoint, i.e.
which types of preferences regarding resource allocation he would prefer the manager to have.
Our main result is that the employer will sometimes prefer that the manager not be perfectly
aligned, all else equal. We show that the employer will prefer a manager who has a stronger
preference than him for resource allocation on some dimension if performance is poorly mea-
sured on this dimension, or if it is very well-measured on the other dimension. For example, if
a product manager can allocate resources to improve either the quality or the cost of a prod-

uct, the employer (“principal”) will appoint a manager who cares more than he does about

'Many empirical studies find that personal values affect decisions. For example, the personal values of social
enterprises’ CEOs affect their attention to social goals (Stevens et al. (2014)); corporate researchers prefer
science-oriented research and are willing to take a pay cut to work on fundamental research (Stern (2004));
medical doctors are reluctant to consider the costs of treatment they prescribe because this is inconsistent
with their “fundamental motivations” (Hall (1996)).



quality. We obtain this result in a simple model with one principal and one manager, so that
it is not driven by market equilibrium effects. Instead, it is driven by the interaction between
individual preferences and performance measurement.

The logic can be explained as follows. Because of her expertise and her experience on
the job, the manager understands the production process and knows the characteristics of
potential projects. As in Baker (1992), this privately informed manager can predict how
various resource allocations will affect both actual output and measured performance on each
dimension. Without explicit incentives, she would just follow her preferences. Providing
explicit incentives can improve her decision by making her responsive to her information, but
it will also result in gaming of the incentive scheme when output is imperfectly measured: she
will allocate resources on the dimension where it easily improves measured performance even if
it does not improve actual output correspondingly (Kerr (1975) and Baker (1992)). As a result,
incentives will be more muted on the dimension with worse performance measurement, similar
to Baker (1992). For example, if cost is more easily measured than quality, the manager’s
incentives will be higher-powered for cost performance than for quality performance.

These asymmetric incentives make the manager biased toward improving the better-measured
dimension of performance (e.g. reducing cost) at the expense of neglecting the other dimen-
sion (e.g. improving quality), similar to the logic at play in multitasking models. Increasing
the sensitivity of pay to performance on the other dimension is not a solution: this would
make the manager more concerned with her poorly measured performance on that dimension,
which would result in substantial gaming and resource misallocation.

However, this bias can be mitigated by appointing a manager who prefers to allocate
resources to the poorly-measured dimension (e.g. a manager who intrinsically values quality).
Specifically, when the quality of performance measurement differs across dimensions, we show
that the principal will optimally appoint a manager who cares more than he does about the
poorly measured dimension (e.g. product quality), and provide explicit incentives on the other
dimension (e.g. product cost). This type of manager is “misaligned”.

For example, a product manager with these preferences will have a natural tendency to
improve quality. She will only reduce cost to the extent that this improves cost performance
and that she has strong explicit incentives to do so. Providing her with strong explicit in-
centives for cost reduction allows to make her highly concerned about her performance on
the dimension where it is well-measured. In turn, this makes her more responsive to her in-
formation on this dimension. At the same time, her intrinsic preference for quality prevents
excessive cost reductions at the expense of quality. Relative to a hypothetical manager whose
preferences were perfectly aligned with the principal’s, a misaligned manager will have even

lowered-powered incentives on quality performance, and higher-powered incentives on cost



performance.

In summary, we show that the principal will often rather appoint a misaligned manager.
The explicit incentives of a misaligned manager will be muted on the poorly-measured dimen-
sion, and high-powered on the well-measured dimension. This distinguishes our model from
three branches of the literature.

First, standard models of multitasking point out that it is detrimental to give explicit
incentives on one dimension only, and they accordingly predict low-powered incentives for all
tasks when tasks are substitutes.

Second, the principal-agent literature has shown that hiring aligned agents will generate
efficiency gains. With imperfect or nonexistent performance measurement, hiring employees
who share the same preferences as the principal allows to more efficiently align interests, for
several reasons. First, a manager who intrinsically values the principal’s objective is less prone
to game incentive schemes. Second, an agent who internalizes the objective of the principal
or follows norms that promote high effort does not need high-powered incentives (Akerlof and
Kranton (2005), Fischer and Huddart (2008)). Third, when the principal has nonpecuniary
preferences such as a “mission”, hiring an agent who is motivated by this mission allows to
align interests at a lower cost (Besley and Ghatak (2005, 2006, 2018), Akerlof and Kranton
(2005)). For example, in the literature on prosocial motivation, prosocial organizations try to
hire individuals with a greater prosocial motivation (Delfgaauw and Dur (2007, 2008)). On
the contrary, we show that organizations will sometimes rather appoint misaligned agents.

Third, in models of multitasking with imperfect performance measurement, Prendergast
(2007, 2008) shows that the principal can hire “biased agents” whose bias is suited to a
particular task. The solution is to use job design by allocating different types of agents to
different tasks within an organization. In our model, the agent only has one task — making a
resource allocation decision — so that job design is not a solution.

Our main result relies on several important assumptions: the agent must have some private
information about the production technology that is relevant for her action choice, and there
should be performance measures which are informative but not fully revealing. Indeed, without
asymmetric information, the organization does not use pay-for-performance, and it hires an
aligned agent, who shares the same preferences as the principal. Likewise, when performance
measurement is either completely unreliable or perfect, the principal hires an aligned agent.

Next, we study the equilibrium matching between managers and firms. We extend the
model by considering an economy with multiple firms and multiple managers. We let firms
differ in the quality of their performance measurement on some dimension, and we let managers
have different preferred resource allocations. We show that a stable matching will be such

that managers who have a stronger preference for allocating resources to some dimension will



be matched with firms in which performance is more poorly measured on this dimension.
Intuitively, the firms with the worst performance measurement on this dimension have a
comparative advantage in employing these more biased managers. The bias of these managers
is relatively more valuable in those firms, so that they are willing to pay more to hire them.

An interpretation of the model is that the principal can create an organizational culture,
including norms, which affect managers’ preferred resource allocations. This can be for two
reasons: either managers assimilate and internalize the organizational culture, or the organi-
zation attracts and hires agents who are a good fit?] In the former case, the organization trains
its hires to influence their preferred resource allocation; in the latter case, the organization
selects employees with the right preferences. In any case, the corporate culture is part of the
overall incentive system.

The model predicts that the corporate culture will depend on the performance measure-
ment technology. This implies that changes in performance measurement will result in changes
to corporate cultures. Most notably, better measurement on some dimension will shift the
corporate culture away from this dimension. The model also predicts that organizations will
create cultures and norms that differ from what the principal (who can be viewed as the
founders, owners, or directors) would prefer. What could at first glance be viewed as organi-
zational capture by biased agents might actually be optimal from the principal’s perspective.

In particular, our model suggests a new theory of Corporate Social Responsibility (CSR)
and Diversity, Equity and Inclusion (DEI) commitments. Both are controversial and puzzling,
to a large extent because many organizations seemingly went too far in this direction at the
expense of other goals including profitability. While diversity and corporate social responsibil-
ity can be measured, these measures are notoriously bad or at least incomplete (Berg, Kolbel,
and Rigobon (2022)), and they are often easy to game (Edmans (2021)).

Our model suggests that owners who would like to encourage some degree of diversity or
social responsibility may create an organizational culture that is heavily biased in this direction
when good measures of the organization’s other goals are available. For corporations, the
latter primarily includes measures of firm value. Firm value will typically be well-measured
in publicly listed firms, but also in many private firms whose implicit valuation is regularly
established in funding rounds or equity sales. These firms will offer high-powered financial
incentives, which partially offset their strong culture. In summary, when financial performance

is better measured than CSR, firms that would like to encourage some degree of CSR will

2The assimilation argument suggests that organizations will prefer to hire young managers, whose prefer-
ences may be more malleable (Gregg, Seibt, and Banaji (2006), Malmendier and Nagel (2011)), all the more
that organizations have different cultures. It also suggests that the employees of organizations that impart
cultures with desirable attributes (e.g. ethical behavior, focus on quality, etc.) will be in high-demand, so that
jobs at these organizations will be in high-demand among young employees with career concerns. We leave a
formal investigation of these arguments to future research.



appoint managers with a CSR bias, and give them incentives which are only high-powered on
the financial dimension.

The model can help make sense of apparent inconsistencies between firms’ stated objec-
tives and the explicit incentives they provide. For example, Walker (2022) notes that firms’
commitments to ESG (Environmental, Social, and Governance) in the early 2020s contrast
with very low-powered ESG-based incentives for their top executives, which he describes as
“window dressing”. As another example, Vladasel et al. (2024) find that many social enter-
prises simultaneously offer a social mission and monetary rewards for (more easily measured)
commercials tasks. The model also predicts that even a slight shift in investors’ preferences
toward causes such as CSR will result in a significantly larger change in corporate culture.
What could be viewed as overshooting can actually be consistent with interest alignment with
imperfect performance measurement. For example, this can help explain the rise in left-leaning
corporate speech between 2012 and 2022, which is only partially explained by nonpecuniary
investor preferences (Cassidy and Kempf (2025))F]

A majority of CEOs think that “top talent prefers to work for organizations with social
values which are aligned to their own.”[] Our model shows how organizations should establish
their values or culture to attract the most valuable type of manager given asymmetries in

their performance measurement system.

2 Related literature

There is a large literature on nonpecuniary objectives, especially prosocial motivation
(Francois and Vlassopoulos (2008), Besley and Ghatak (2018), Cassar and Meier (2018)).
These papers point out that non-pecuniary benefits can be derived from actions or from out-
comes. For example, the agent derives private benefits from some actions (“warm glow”) in
Besley and Ghatak (2005), and the cost of effort is affected by the agent’s type in Delfgaauw
and Dur (2007). The agent’s nonpecuniary benefits can substitute for monetary compen-
sation (Besley and Ghatak (2005, 2018), Dixit (2005)), and for incentive provision (Besley
and Ghatak (2005), Akerlof and Kranton (2005), Ellingsen and Johannesson (2008), Makris
(2009)). Cassar (2019) finds experimental evidence consistent with these predictions.

A closely related branch of the literature considers intrinsic motivation or pro-social mo-

tivation as a potential solution to the alignment problem between principal and agent when

3Ferreira and Nikolowa (2025) provide an alternative explanation which does not involve incentives or
interest alignment. In their model, firms benefit from hiring workers with nonpecuniary preferences (e.g. a
preference for working for an environmentally responsible firm). They show that, to extract more surplus from
workers, firms would rather hire workers with more extreme preferences.

4Source: 2016 survey by PricewaterhouseCoopers, cited in Cassar and Meier (2018).



performance is poorly measured. This can rationalize the use of low-powered incentives in
public services (Francois (2000)). When workers are heterogeneous, a key result in this litera-
ture is that employees with a purpose are hired by organizations with a mission that matches
this purpose (Besley and Ghatak (2005, 2006), Francois (2007), Kosfeld and Von Siemens
(2011), Henderson and Van den Steen (2015))[] Cassar and Armouti-Hansen (2020) study the
consequences of misalignment between the principal and agent, when they disagree about the
purpose or “mission” of the project. In models of identity and incentive provision, what mat-
ters is “how employees think of themselves in relation to the firm”, which again suggests that
employees’ identities should match their organization’s goals (Akerlof and Kranton (2008),
Kampkotter, Petters, and Sliwka (2011)). On the contrary, Prendergast (2007, 2008) argues
that, when contracts are incomplete, firms will hire agents who are intrinsically motivated for
some tasks (“biased agents”) to work on a narrow set of tasks. The idea is to use job design
to allocate different agents to different tasks.ﬁ

It is already well-understood that poor performance measurement will reduce the effec-
tiveness and efficiency of performance-based incentives (Baker (1992)), which makes it all the
more useful to rely on intrinsic motivation instead (Besley and Ghatak (2018)). Likewise,
multitasking in environments with poor performance measurement, and the reliance on in-
trinsic motivation in this context, has already been studied (Dixit (2002), Bénabou and Tirole
(2016), Besley and Ghatak (2018)). Our contribution is to study the consequences of imper-
fect performance measurement along several dimensions for the principal’s preferences about
the agent’s type when tasks cannot be unbundledﬂ

Bénabou and Tirole (2016) study a multitasking model in which one task is measurable
and contractible, the other is not, and the agent can have intrinsic motivation for the former.
In their model, increased competition for workers with heterogeneous ability leads to a rise
in the use of incentive pay for screening purposes. This results in a shift of effort toward the
more easily quantifiable task. Dewatripont, Jewitt, and Tirole (1999) consider a model of
career concerns with multitasking. They show that additional tasks make it harder to learn
the agent’s ability, which reduces effort. This suggests a beneficial effect from hiring specialists

with narrow jobs.

SFor example, in the baseline model of Besley and Ghatak (2018), agents have different degrees of pro-social
motivation, i.e., differentiation is vertical only. By contrast, in Besley and Ghatak (2005), there are two types
of intrinsic motivations and two types of missions (horizontal differentiation), but also agents with pecuniary
preferences only (vertical differentiation). Henderson and Van den Steen (2015) define an organization’s
purpose or mission as a concrete “objective for the firm that reaches beyond profit maximization.”

SPrendergast (2007) analyzes how bureaucrats with different biases are assigned to different jobs. For
example, in tax or immigration enforcement, the interests of the “principal” and “clients” are not aligned, so
the principal will hire a bureaucrat biased against clients.

" Another perspective is to study the effect of explicit incentives on the agent’s preferences (Kreps (1997,
2023)).



Another branch of the literature studies subjective performance evaluation when output
is observable but not contractible (Baker, Gibbons, and Murphy (1994), MacLeod (2003)).
Public economics has studied the implications of immeasurability and uncontractability for
incentive provision. Hart, Shleifer, and Vishny (1997) summarize the debate about public
services provision by private suppliers or by government employees by pointing out that private
suppliers usually deliver a lower quality service at a lower cost. This is because quality cannot
be fully specified in a contract — it is noncontractible. In their model, the service provider can
exert effort on two dimensions to improve the quality of the service and reduce its cost, and
cost reductions lead to lower quality. They conclude that public provision of public services
is preferable when quality matters more than cost. They do not consider preferences over
agents’ types, or matching of agents to various tasks.

Finally, the results speak to a large empirical literature that studies complementarities be-
tween human resource management practices, including incentive pay, training, and screening
(Ichniowski and Shaw (2003), Lazear and Gibbs (2014)).

3 Model

We consider a principal-agent model of resource allocation. A principal hires an agent who
receives some information about the productivity of potential allocations of the organization’s
resources. The principal lacks the information necessary to simply tell the agent how to
allocate resources. Likewise, the principal cannot use job design to allocate one agent to one
task.ﬂ Indeed, the agent has only one task, making a resource allocation decision. She does
so on the basis of her incentives and her private information.ﬂ

The principal and the agent have preferences about the resource allocation decision. Specif-
ically, the agent incurs a private cost from deviating from a baseline resource allocation. This
implies that the agent has a preferred resource allocation that she would put in place in the
absence of explicit incentives. The organization also incurs a cost from deviations from a
potentially different baseline resource allocation. If the principal and agent’s baseline resource
allocations are the same, we say that they have congruent or aligned preferences.

The organization produces unverifiable output V; on two dimensions ¢ = 1,2. On each

dimension, its performance is measured by the metric P;. Output and performance are affected

8Holmstrém (2017) argues that, when faced with a multitasking problem, principals can often use job
design, including the distribution of tasks across agents. He argues that this allows to incentivize the easy-
to-measure tasks with high-powered incentives, while the hard-to-measure tasks can be allocated to other
agents.

9This modeling assumption needs not be taken literally. For example, the agent may not possess any special
information, but her qualifications and her on-the-job experience may allow her to draw the implications of
some publicly available information to make better resource allocation decisions.



by a resource allocation decision, a. It can be interpreted as the investment of time, money, and
other organizational resources on each dimension. As in Baker (1992), output and performance
are affected by shocks which are privately observed by the agent at the time of making the

resource allocation decision. Let € = {€}, €5, €], b }.

Vi(a,€) = ae (1)
Va(a,€) = (1—a)e (2)
Pi(a,e) = a€} (3)
Py(a,€) = (1—-a)e (4)

Fori € {1,2} and j € {v, p}, the random variable € has a standard deviation ¢7, and a mean
normalized such that: E [ef | = 1 Define:

cov(€f, &)

Pi =

()

v P
0;0;

We assume that performances and outcomes are independent across dimensions, so that:

cov(e],€j) =0 and cov(ef,€f) =0  Vi#j. (6)

The objective function of the principal is:
E |Vi(a,€) + Vi(a,€) — W(a, €) — = (a — a*)’ (7)

where W (a, €) is the manager’s payoff, and & > 0. The last term is the cost to the organization
of deviations from a baseline resource allocation a*.
As in Baker (1992), the principal provides a linear incentive contract such that the agent’s

payoff is equal to:
Wi(a,e) =S+ by Pi(a,€) + byPsla,€) (8)

Linear contracts are a standard assumption in this literature (Baker (1992), Besley and Ghatak
(2005), Fischer and Huddart (2008), Bénabou and Tirole (2016)).

Given a contract {5, b1, by}, the agent’s information €, and resource allocation a, the ex-

10Baker (1992) makes a similar assumption by equating the expectation of the performance P to the expec-
tation of the outcome V.



pected utility of the agent is:
E|S+biPi(a,€)+ byPs(a, €) — g (a— 5)2] 9)

where ¢ > 0 parameterizes the cost to the agent of deviating from her preferred resource
allocation @. The agent has reservation utility H, and chooses a to maximize her expected

utility.

3.1 Discussion of modeling assumptions

We consider a model of resource allocation, in which the agent must choose how to allocate
a finite resource, such as time or money, to different uses. This is different from a multitasking
model, in which the agent must choose his effort on different tasks. In both models, the de-
cisions to allocate more on various dimensions may be substitutes. There are also important
differences between these two models. First, in our model of resource allocation, there is only
one action, and preferences over possible actions are simply described by one easily inter-
pretable parameter. It is then straightforward to compare the preferences of the principal and
agent. Second, in a multitasking model, individual tasks could in principle be allocated to dif-
ferent agents. Indeed, the division of tasks has been recommended as solutions to multitasking
problems (Prendergast (2007, 2008), Holmstrom (2017)). By contrast, the resource allocation
model involves a single task. Third, multitasking models assume that effort is privately costly
for the agent, so that inefficiencies take the form of low effort, and effort could be elicited
via audits (Sinclair-Desgagné (1999))["] This framework may be practically less relevant for
some occupations, including top managers and startup employees, who are usually motivated
to work very hard even without explicit monetary incentives (Edmans, Gosling, and Jenter

(2023))[7]

There are several interpretations for the cost of deviating from a baseline resource allocation

* in the principal’s objective function in equation . First, it could be a reduced-form

a
representation of the cost of various resource allocations given the firm’s production technology.
Second, a* can represent an approved resource allocation for planning purposes, and any
deviation will involve additional costs. Third, under a literal interpretation, a* represents the
principal’s preferences over the resource allocation decision. They may depend on the personal
preferences of the organization’s directors (e.g. Kim, Minton, and Williamson (2025)) or on the

organization’s ownership. Owners with non-financial objectives, including organizations with

HRelatedly, we show below that, if the performance measurement technology allows to perfectly monitor
the resource allocation, then the principal optimally appoints an aligned agent.

12 According to Martin Mignot from Index Ventures, the 996 work culture is the new startup standard. The
996 model involves working 12 hours a day for six days per week. Source: PitchBook newsletter, June 22 2025.

10



“missions” such as foundations, may be biased towards specific actions or resource allocations
(Besley and Ghatak (2005)). Alternatively, some owners may be concerned about synergies
between the organization and other ones in their investment portfolio.

We assume that the agent has preferences over the resource allocation decision (similar
to Besley and Ghatak (2005, 2018)). The agent’s objective function in equation (9) is in the
spirit of Fischer and Huddart (2008) and Akerlof and Kranton (2005). In Fischer and Huddart
(2008), agents find it costly to deviate from the norm, and the equivalent of @ in their model is
a “‘norm parameter”. In Akerlof and Kranton (2005), the agent incurs a disutility if and only
if her effort deviates from her “ideal effort”, similarly to the last term of the agent’s utility
in equation @ In practice, there is evidence that many economic agents have “professional
motivations”, i.e. preferences over actions (e.g. Hall (1996), Stevens et al. (2014), Chalfin
and Gongalves (2023)). These nonpecuniary preferences are heterogeneous in the population:
not all workers care about nonpecuniary factors to the same extent, and different workers care
about different aspects of their jobs (Cassar and Meier (2018), Wrzesniewski et al. (1997)).

4 Analysis

In this section, we study which type of agent the principal would rather hire.
We define the first-best as the outcome when the principal can offer a forcing contract

after observing the state € and the agent’s resource allocation decision a.
Lemma 1 At the first-best, the principal hires an aligned agent: a = a*.

Intuitively, the principal will choose the resource allocation that he prefers. The only
problem is therefore to minimize the cost of the agent’s compensation. It is cheaper to hire
an agent who shares the same preferences. Indeed, the agent will need to be compensated
for the deviation between the chosen resource allocation allocation and her preferred resource
allocation.

We now study the equilibrium outcome when the agent’s resource allocation decision a is
unobservable, i.e. the second-best outcome. We solve the model backwards, starting with the
agent’s resource allocation decision, then deriving the optimal contract, and finally the agent’s

bias @ that the principal prefers. We start by deriving several preliminary results.

Lemma 2 For a given contract {S, by, b}, the agent optimally chooses the following resource

allocation:

1
a=1a+ - (by€] — boeh) (10)

11



The optimally chosen resource allocation is additive in two terms. The first is the agent’s
baseline resource allocation @. This is what she would choose in the absence of explicit incen-
tives. The second term captures the deviation from this baseline level due to her information
and incentives. The higher the sensitivity of pay to performance on dimension 1 (as measured
by b1) and the more allocating resources to this dimension improves performance (depending
on €}), the more the agent allocates resources to the first dimension by increasing a. Likewise,
the higher the sensitivity of pay to performance on dimension 2 (as measured by by) and the
more allocating resources to this dimension improves performance (depending on €b), the more
the agent allocates resources to the second dimension by decreasing a.

We start by focusing on special cases that allow to better understand the logic of the

model. The proofs are special cases of the proofs of Lemma [3] and Proposition [I}

Case 1 If there is no asymmetric information between the principal and the agent about the

optimal resource allocation (i.e. o} = oy = 0), then the principal hires an aligned agent
(@=a*) and by = by = 0.

When o} = 03 = 0, the agent’s private information is not relevant for outcomes. Then,
the only role of performance-based incentives is to elicit the principal’s preferred allocation,
a = a*, in a framework with symmetric information. This can simply be achieved by hiring
an agent with the same preferences, i.e. @ = a*, and not providing any explicit incentives, i.e.

blzbgzo.

Case 2 If performance measures are independent of output (i.e. p; = py = 0), then the

principal hires an aligned agent (@ = a*), and by = by = 0.

When performance is independent from output on both dimensions, “performance mea-
sures” are pure noise. This is equivalent to a case without performance measurement. Then,
there will not be any pay-for-performance: by = by = 0. To align interests as much as possible,

the principal will optimally hire an aligned agent by choosing a = a*.

Case 3 If performance measures and outpul are the same (i.e. o) = oV, o = 0¥, and

p1 = p2 = 1) then the principal hires an aligned agent (@ = a*), and by = by = ——

When performance measures perfectly reveal output, the principal can achieve the first-
best outcome at the second-best. The agent is not entirely residual claimant because k& > 0.
Intuitively, the principal suffers a disutility whenever the resource allocation deviates from the

baseline allocation a*. The principal does not just want to maximize the sum of outputs, he

12



also wants to minimize deviations from the baseline resource allocation. The latter is achieved

by hiring an aligned agent with lower-powered incentivesﬁ

Case 4 If performance on some dimension reveals the resource allocation but is unrelated to

output (i.e. o =0), then the principal hires an aligned agent (a = a*).

Some performance measurement technologies are perfectly informative about the agent’s
choice of a. For example, some monitoring technologies allow to know the time spent by an
office worker in front of her desk, as opposed to collaborative meetings (see Raith (2008),
where the contract can also be contingent on inputs). For ¢ = 0, performance on the first
dimension perfectly reveals the choice of a, and it is unrelated to the shock €} that drives
output on this dimension. Therefore, the principal can incentivize her preferred choice of a
without preventing the agent from using her private information. The principal offers state-
contingent incentives to the agent on the first dimension to partly offset incentives on the
second dimension (it is optimal to offer incentives on the second dimension so that the agent
is responsive to the signal ) that she gets on €3). In this case, the principal will prefer to hire
an agent with congruent preferences.

We now analyze the general case.
Lemma 3 The optimal sensitivity of pay to performance on both dimensions is:

c (052 (—k(a —a*)) + p2oboy + protoy <a§2 + 1))

(c+ k) (oF*0}” + o + of)

c <071’2k: (@ — a*) + prolo} + peobol (azlﬂ + 1>>
b2 - 2 p2 2 2 (12)
(c+ k) (oF08” + ot + o)

To better understand this result, it is helpful to consider these intermediate expressions
for b; and by:

1 proiol — k(a — a*)
by = +0 13
' o +1 ( 1+ £ ? (13)
1 p2080bh + k(a — a*)
by = +b 14
’ b +1 ( 14+ % ' (14)

This shows that pay-performance sensitivity (PPS) on dimension ¢ is additive in three terms.

Bnterestingly, this is no longer true if performance measures are perfectly informative (p; = po = 1) but
do not have the same volatility as output. Intuitively, in this case, optimal pay-for-performance varies across
performance measures, so that it is generally suboptimal to hire a perfectly aligned agent.
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First, it is increasing in p;ofo?, similar to equation (8) in Baker (1992). This captures the
correlation p; between performance and output, but also uncertainty o} about the production
technology, and performance variability of. Intuitively, pay will be very sensitive to perfor-
mance on a dimension if performance is well-measured on this dimension: it is worth giving the
agent strong incentives to be responsive to her private information on this dimension. On the
contrary, pay-for-performance can backfire when performance is poorly measured: the man-
ager will then improve measured performance without correspondingly improving output.E
In the special case with deterministic performance on dimension i (¢f = 0), performance only
reflects resource allocation a, and it does not account for its productivity €] on this dimension.

Second, PPS depends on the difference between the resource allocation preferred by the
agent, @, and the one preferred by the principal, a*. Intuitively, the principal uses PPS to
better align the agent’s interests with respect to the resource allocation decision. For example,
when the agent is biased toward dimension 2 relative to the principal, i.e. @ < a*, PPS on
dimension 1 increases, and PPS on dimension 2 decreases.

Third, PPS on a dimension is increasing in PPS on the other dimension. This is a standard
effect when tasks are substitutes so that the balance of incentives matters. Suppose that
PPS increases on some dimension because of one of the two effects described above. To not
excessively discourage resource allocation on the other dimension, PPS on this other dimension
increases as well. Thus, improvements in performance measurement on one dimension increase
PPS on both dimensions — a spillover effect.

The fixed wage S is set to keep the agent at her reservation utility given the sensitivity of

pay to performance derived in Lemma [3]

Lemma 4 The principal’s objective function can be rewritten as:

Lt (b1 (B[] — 1)+ b (B [4es] — 1))

1

k
- (be [éﬂ 2R [632} . 25152) —H—ZE

Cc

p_ P\ 2
(a—a*+—b1€1 b262> ] (15)

where by and by are described in Lemma [3

We now consider which preferred resource allocation @ of the agent maximizes the princi-
pal’s objective function. We refer to this value of @ as the one that the principal “prefers”. To

better understand some of the effects at play, we start by deriving the resource allocation that

4 This is one of the main limitations of pay-for-performance identified by personnel economics. As pointed
out by Lazear and Shaw (2007), loan officers compensated based on the number of loans may accept excessively
risky loans, while manufacturers paid on piece rates might sell more but at the cost of neglecting maintenance
and inventories (Freeman and Kleiner (2005)).
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the principal prefers in the hypothetical case when PPS is exogenously given, i.e. holding b,

and by constant.

Lemma 5 Holding by and by constant, the principal prefers to appoint an agent with:

by — by
C

a=a"+ (16)

When b; and by are exogenously given, the principal hires an aligned agent if and only if
PPS is the same on both dimensions. Intuitively, if PPS is higher on one dimension, then the
agent will be biased toward allocating more resources to this dimension. To offset this bias,
it is optimal to hire an agent whose preference for allocating resources to the other dimension
exceeds the principal’s. Of course, the principal also controls the PPS b; and by, and he will
choose @ taking into account its effect on the PPS.

We can now state our main result, which relates the principal’s preference over @ to exoge-

nous parameters.
Proposition 1 The principal prefers to appoint an agent with:

P v _p2 P v P2
- P2030307 — P1010103
a=a"+

(17)

p2_p2 p2 p2 p2_p2
c(al oy +oy o0y )+ koyTog

This implies that the principal will rather appoint a misaligned agent with @ < a* if p; is
sufficiently high or if p, is sufficiently low. The principal will rather appoint an agent with a
stronger preference for resource allocation on a dimension if performance is sufficiently poorly

measured on that dimension, or if it is sufficiently well-measured on the other dimension.

Example 5 (ESG-based compensation) Let the first dimension be profitability, and the second
dimension be ESG. First, suppose that profitability is very well-measured because the firm is
publicly listed and investors are well-informed: py is high. Second, suppose that profitability
can vary a lot across potential investments: o} is high. In this case, when both py and o} are
high, it is especially important for the manager to be responsive to the productivity signal €}.
This is achieved with a high sensitivity of pay to performance on the first dimension, i.e. a
high by (see equation ). Third, suppose that ESG performance is poorly measured, because
metrics are highly imperfect and partial: po is low. In this context, the firm will optimally hire
a manager with a bias for ESG investments, i.e. a < a*. This further reduces the sensitivity
of pay to ESG performance, by (see equation (@)

Normalizing performance measures’ volatilities, which involves some loss of generality,

allows to derive a more specific result.
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Corollary 1 Given of = ob = 1, the principal appoints an agent with a < a* if and only if

pP20q < p107.

When p; > po, performance is better measured on the first dimension. In this case, the
principal would rather have a < a*, i.e. appoint an agent whose bias is to allocate resources
to the second dimension. The optimal bias will be greater when output volatility on both
dimensions is high, i.e., when the agent’s private information matters more. Intuitively, in
this case, explicit incentives are higher-powered to make the agent more responsive to her
private information. To partly offset the effect of strong incentives on the first performance
dimension on resource allocation, the principal appoints an agent who is more biased in favor

of the second dimension.

2.0 15 1.0 0.5 0.00-3

Figure 1: Orange surface: optimal @ as a function of o] and py, for a* = 0.5, 0¥ = 0¥ = o =1,
p2 = 0.5, ¢ =k = 1, and € follows a multivariate normal distribution. Translucent blue surface:
a* = 0.5.

In summary, the relation between output and performance on both dimensions determines
the appointment policy and the sensitivity of pay to performance on both dimensions. When
performance is a good measure of output on dimension ¢, the agent should be highly responsive
to her signal, €. To avoid excessive resource allocation on the well-measured dimension at
the expense of the poorly measured dimension because of the difference in the sensitivity of
pay to performance on these two dimensions, the principal optimally appoints an agent who

is biased in favor of the latter.
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5 Matching

In this section, we extend the model to analyze the endogenous matching between principals
and agents[""] We consider an economy with a number N of principals and agents. Principals
differ on p; (the quality of performance measurement on the first dimension), while agents
differ on @ and ¢ (their preferred resource allocation, and the cost of deviating from their
preferred resource allocation). The set of agents is denoted by M = {my,ms,...,my}, and
the set of firms is denoted by F' = {f1, fo, ..., fv}. Agent m; is characterized by {¢;,@;}; firm
fi is characterized by pi.

An equilibrium of the model is such that: (i) all principal-agent matches are stable, i.e., no
pair that includes an agent and a principal currently not matched to each other can increase
their payoffs by leaving their respective match and forming a new match; (ii) all principals
offer to the agent the optimal contract that maximizes the joint surplus; (iii) all agents choose
the optimal resource allocation given their contracts. @;. To keep the model tractable, we
henceforth assume 0¥ = 1,0Y = 1,07 = 1,08 = 1.

First, we consider the matching between principals with heterogeneous p¢ and agents with

heterogeneous a;.

Proposition 2 Other things equal, agents with a high @; are matched with principals with a

low pl.

Holding a* and p, constant, we get assortative matching between firms with lower p} and
agents with higher @;. Principals with poor performance measurement on dimension 1 are
matched with agents who are biased towards allocating resources to this dimension.

Second, we consider the matching between principals with heterogeneous pi and agents

with heterogeneous ¢;.

Proposition 3 Other things equal, agents with a low ¢; are matched with principals with a

high pt.

When p is higher, the principal has access to a better performance measurement system.
He can therefore provide better incentives, and values more highly an agent who is more
responsive to incentives. An agent with a low ¢; does not incur a large cost from deviations
from her preferred resource allocation. She is therefore more responsive to incentives, and
more valuable for this type of principal than for a principal with a lower p%. In short, a
principal with a better performance measurement technology is matched with an agent with

weak preferences over the resource allocation.

15See Bandiera, Guiso, Prat and Sadun (2015) and Macho-Stadler and Pérez-Castrillo (2021) for a review
of this literature.
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6 Applications

We now discuss several applications of our stylized model. It is worth noting that the
rise in incentive pay is relevant in many occupations as documented by Lazear and Shaw
(2007) and Lemieux, MacLeod, and Parent (2009). It takes many forms, including bonuses,

commissions, profit-sharing, equity-based pay, and piece-rate contracts.

6.1 ESG and equity-based executive compensation

In the private sector, firm value is a contractible performance measure that is very closely
aligned with the objective of shareholders (Baker (1992)). Yet, some relevant business activi-
ties may not be reflected in firm value[" Firms which provide social initiatives and missions
that are valuable to their workers tend to improve the satisfaction, motivation, attraction,
and retention of their employees (Kitzmueller and Shimshack (2012), Henderson and Van den
Steen (2015), Cassar and Meier (2018)), which improves future financial performance (Edmans
(2011), Edmans et al. (2024)). However, many of these activities are usually poorly measured,
and potential measures might be easy to game.

Our model suggests that this could be addressed by hiring managers who prefer to allocate
resources on these dimensions, and then incentivize these managers on the financial dimension
with explicit incentives based on firm value. These incentives will be all the more high-
powered that stock market valuation provides a better measure of firm value, for example due
to improvements in stock market efficiency. They will also be higher-powered when boards
have a stronger preference for financial returns, e.g. when the shareholder value paradigm is

prevalent.

6.2 Short-term and long-term performance

The resource allocation problem can involve investments that improve performance either
in the short or in the long-term, such as investing in sales or in R&D. The principal (firm
owner) might have preferences in that regard, for example because the firm might benefit
from R&D tax credits or because he also owns downstream firms that would also benefit from
technological advances. Likewise, the agent could have a preference for achieving milestones

or for easily observable accomplishments that are more likely to improve her reputation.

16Even before the advent of ESG, the 2018 Deloitte Global Human Capital Trends report summarized:
“Organizations are no longer assessed based only on traditional metrics such as financial performance, or even
the quality of their products or services. Rather, organizations today are increasingly judged on the basis
of their relationships with their workers, their customers, and their communities, as well as their impact on
society at large.” (as cited in Cassar and Meier (2018)).
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Suppose that short-term output is realized and therefore perfectly measurable in the short-
term. By contrast, since long-term output will only be realized later, only imperfect measures
such as firm valuation can capture it in the short-term. These measures are especially imperfect
when there is a lot of uncertainty about firm value, and no liquid market with well-informed
investors. That is, performance measurement of long-term outcomes will be especially poor
in young privately held firms — for example start-ups backed by venture capitalists.

The model predicts that these firms’ governance systems will have two important features.
First, they will provide high-powered incentives based on short-term performance — such as
performance milestones in VC-backed firms, or short-term performance targets in CEO com-
pensation contracts. Second, the founder or manager of a high-potential start-up will be
“visionary”, who is intrinsically focused on harder to measure long-term outcomes and not

overly concerned with short-term outcomes.

6.3 Product management

For many tasks, quality is not easily or immediately observable, but the cost or quantity
produced is easily and immediately observable. This is an important consideration for product
managers. This is also relevant in other occupations, such as craftsmen who build custom
furniture or chefs who compose menus. When companies hire these managers and workers,
they are often looking for candidates with a passion for quality. It is not enough for them to
be qualified or skilled, they must also have the right “values”. Indeed, an employee who is
“passionate” about dimensions that are hard to measure, such as the quality or durability of
a product or service, can be effectively incentivized with explicit incentives on the dimensions

that are easy to measure such as cost or quantity.

6.4 Universities

A research university employs faculty members who are at the same time researchers and
instructors. These faculty members face a resource allocation problem in how to allocate their
time between teaching and research.

Some institutions that care more about the quantity of research produced will find it easy
to incentivize on this dimension, for example with bonus pay that depends on publications.
If in addition they mostly teach undergraduate students who may not recognize or value
high-quality teaching, measures of teaching quality such as student evaluations will be un-
informative and easy to game. In this case, explicitly incentivizing teaching could backfire.

Accordingly, these schools often create a “teaching culture” [/

I"This can be achieved indirectly, including in hiring and promotion decisions, but also by celebrating
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Other institutions care about research quality and societal impact, which are hard to
measure especially in the short-term. If in addition they mostly teach mature students such
as MBAs, MSc, and PhDs, who tend to be better able to recognize and appreciate valuable
teaching, then teaching quality can usually be better measured. These schools or universities
will create a research culture@ and provide high-powered teaching incentives. The latter can
be achieved by generous overload payments for extra teaching, including executive education.

In summary, universities will tend to create organizational cultures around the dimen-
sion that is easier to game, and they will provide explicit incentives on the dimension where

performance is a good measure of the output they Valueﬂ

6.5 Healthcare

Medical doctors can allocate their time to actions, such as performing surgeries or prescrib-
ing drugs, that tend to improve a measurable short term outcome. They can alternatively
allocate their time to better understand individual cases as well as provide authoritative guid-
ance and advice to patients and their relatives. This tends to improve immeasurable long-term
outcomes. Of course, in some cases surgery will be the best course of action for the patient,
whereas in other cases it will not be, and the medical doctor who interacts with the patient
is best placed to make this assessment.

The model suggests that hospitals should hire doctors with an intrinsic preference for
better understanding individual cases as well as providing guidance and advice to patients,
and incentivize them based on short-term outcomesm By contrast, in recent years, various
forms of performance pay in hospitals has arguably led to the overuse of revenue-generating
tests and procedures, and to under-investments in low-margin work such as preventive care
and cooperation between specialists (Gawande (2009)). Our model suggests that the blame
may lie not in the introduction of financial incentives per se, but instead in the failure to

preserve the culture of putting the patient first. According to Lester Dyke, a cardiac surgeon

excellent teaching rather than research. It can also be achieved more directly. For example, the Dean can ask
a research-productive faculty member to focus on teaching rather than research.

18 At one institution, a senior faculty member addressing a group of PhD students who were about to teach
classes reminded them to not get carried away with teaching and not waste more time than necessary on
this mundane activity at the expense of research. The department’s newsletter focused almost exclusively on
research, and so did departmental events including seminars, lecture series, and social events. The status of a
faculty member would depend on his or her status as a researcher; no one was known or admired as a “star
teacher”.

19 Alternatively, if all measures are easy to game, then incentives will be low-powered on all dimensions, as
also predicted by other models.

20A concern is that this incentive scheme could lead to adverse selection, since it may be especially attractive
to doctors who intrinsically prefer the types of actions that improve short-term outcomes. This suggests that
screening by hospitals and (credible) signaling by medical students or residents may play a useful role. For
example, medical students may donate time or money to their local churches or charities.
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quoted by Gawande (2009), “We took a wrong turn when doctors stopped being doctors and

became businessmen.”

7 Conclusion

This paper provides a new theory of managerial selection and incentive provision. We
consider a manager with private information in charge of making a resource allocation de-
cision. When performance is imperfectly and asymmetrically measured, the principal will
rather appoint a misaligned agent, i.e., an agent with different preferences about the resource
allocation decision. We show that the principal will appoint an agent who is biased toward
allocating resources to the dimension of performance which is more poorly measured. Thus,
an improvement in the measurement technology will change the type of preferences valued by
the principal.

The model can explain the concomitance of high-powered explicit incentives on a dimension
of performance which is well-measured, and low-powered incentives on a poorly measured di-
mension of performance. The appointment of a misaligned manager accentuates the difference
in pay-for-performance across dimensions.

Our results highlight a new reason for the importance of jointly determining compensation
policy and hiring policy. For example, a company that optimally hires biased agents and
compensates them with incentive pay should not suddenly stop using incentive pay, even if it
would be warranted by changes in the economic environment. Indeed, agents would then only
rely on their biases to make decisions.

Our results echo the notion that an important part of education is to endow agents destined
for careers in some field with preferences appropriate for this field. They imply that there is
a role for inculcating some values during the education process, for screening on the basis of
values (Van den Steen (2010)), for creating contexts or a corporate culture that elicit specific
values (Akerlof and Kranton (2005)), and for signaling these values (Bénabou and Tirole
(2006)). Our contribution to this literature is to point out that the most relevant values

depend on the asymmetric nature of performance measurement.
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9 Appendix

Proof of Lemma [2t
The agent chooses a to maximize her objective function in equation @ At the time
of choosing her actions, the agent observes €] and €5, so that her objective function can be

rewritten as:
S+ braé? + by(1 —a)eg—g(a—6)2 (18)

This objective function is concave in a, so that the optimum is given by the first-order condi-

tion:
bléf - bQEg — c(a — E) =0 (19)
Rearranging gives the expression in Lemma 2] W

Proof of Lemma [3t
Plugging equation into equation , the objective function of the principal is:

k
H;%XE Vi(a,€) + Va(a,e) = S — by Pi(a,e) — baPy(a,€) — B (a —a*)? (20)

The participation constraint and incentive constraint are respectively:

C

2(a—a)2 > H (21)

bi€] — boch
bie] —bseh —c(a—a) = 0 & R R B (22)
c

S+ b1 Pi(a,€) + byPsa,€)

Substituting in equation for the binding participation constraint in equation , the

principal’s optimization program rewrites as:
C —\2 k *\ 2
m?X]E Vl(a,e)+V2(a,e)—§(a—a) —H—§(a—a) (23)
This objective function can be rewritten as:

E a—i-blezl)_bﬁg 611)+ 1_6_1316?—[)2615 612)—2 blezlj_bgﬁg Z_H_ﬁ a_a*+b16117_b2€g 2
c c 2 c 2 c
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The first-order condition with respect to by is:

p p p p p p p
€ € biel — boe € b€l — boe
1 1 161 2€9 1 (= 1€1 2€9
E | —€] — =€y — ce} —— | —k— a—a" 4+ ——== =0
c c c c c

& E[de] - Elde] - bE |’] + bE ] & ((a —aE[d] + 2E |&*] - 2E [efes]) =0
E[det] — E[dfej] — k(@ — a)E[e}] + b2 (1 + %) B[]

(1+5E[]
proyol — k(a — a¥) 1

& b= + by (24)
(14 %) (o—f2+1) ot +1

<~ b1:

Likewise, the first-order condition with respect to b, is:
p p bie’ — boe? P bie’ — boe?
E {—6—25{ F 2 e (—161 . 262) T E2 (a gy a9 262)} —0
c c c c c
oSob + k(a — a* 1
b2 = P20292 (2 ) + 1 p2
(1—1—%)(05 —i—1> oy +1

(25)

Solving equations and for by and by yields:

, c <a§2 (—k (@ — a*)) + paohol + proiof <a§2 + 1)> )
1 g
(c+ k) <0f207292 + o+ a§2>

c <alf2k: (@ —a*) 4 prolo¥ + paobol (0{’2 + 1>>
by = 2 p2 2 2 (27)
(c+ k) (0{’ o+ ol + o )

|
Proof of Lemma [4
Plugging in equation gives:
ob? (=k (@ — a*)) + pyoboy + proto? <J§2 + 1) ) ok (@ — a*) + protal + paohoy (0{’2 + 1)
a=a-+ € —

(c+k) <0’f20§2 + 0% 4 a§2> (c+ k) <on0§2 + 0% 4 032)
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The principal’s objective function is:

E{ (a+ hiey by 62612?) €+ (1 _g-ha—be b2€g> e}
C C
Lol =bd 'y k(L b b
2 c 2 &

_ (EE €] + hiE [e]€f] — bR [%4]) n ((1 _ R[] - biE [efe5] — boE [é’%’])

C C
(a—¢+fﬁ?—®£)1
C

= 1 (B B[] 1)+ by (B[] — 1)

1 k
—ZE |:(b1€110 — 6265)2:| — H — EE

—2% (63 |] + BB | 2] — 2105) — - gE

D D\ 2
(a g b 6262) ] (29)
C

Proof of Lemma [5k
We differentiate the objective function of the principal in Lemma [4] with respect to @

holding b; and b, constant:

" <a* ol —bl_“)?> (30)

Cc

Since the objective function of the principal is concave in @, setting this derivative to zero

gives the optimal value of @ in Lemma[5] W

Proof of Proposition [1}
The proof combines the results in Lemmas [3| and [5| and reorganizes to get equation (|17)).
|

Proof of Case 4k
This proof builds on the proof of Proposition [T Differentiating the principal’s objective

function with respect to @ for of = 0 gives:

ck
c+k

(" —a) (31)

This expression is positive if and only if a* — a. Thus, if a < a*, the principal would increase

its objective function by increasing a; if @ > a*, the principal would increase its objective
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function by decreasing a. Therefore, the principal’s objective function is maximized at a = a*.

[ |
Proof of Corollary
Differentiating the principal’s objective function with respect to @ for of = 1 and o5 = 1
gives:
k((a* — a) (9¢* + 12ck + 3k*) + (¢ + k)(3p208 — 3p10Y)) (32)
9c+ k)2
[ |

Proof of Propositions [2 and [3}

The contract includes a fixed wage, and the monetary benefit and allocation cost are
separable in the agent’s utility function. As a consequence, we have a matching model with
transferable utility. The matching pattern depends on the cross-derivative of the surplus with
respect to the two matching variables (Legros and Newman (2007)). The surplus created by

a match is given by:
k *\2 C —\2
E Y/I(a,e)+‘/2(a,e)—§(a—a ) —§(a—a)

With normalized volatilities, we have the following:

c(—k(@—a*) +2p1 + p2)

b 3(c+ ) (33)
@ a) + i+ %)
b2 = 3(c 1 k) (34)

The surplus when the contract is chosen optimally and the resource allocation is optimal is

given by:

(b1€11; — b2€g>2

c

G = pq et cp kg
c 2 2 c

bied — boel\ >
(G—a*+—1€1 262)] (35)

Denoting A = a — a*, we have:

A2 —
n bipr +bap2 [l AM — (b2 + b2 — b1b2)0+ g

S =1 )
c 2 c c?

(36)
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We thus have:

8b1 . ck

oA 3(c+k)

dby ck

OA  3(c+k)

oby c oby  2c
dps  3(c+k)Ipr  3(c+k)
O0bs 2¢  0by c

Dps 3(c+ k) 9pr 3(c+ k)
b, k(2p1 + p2 — kA)

dc 3(c+ k)?
by k(p1+2p2 + kA)
oc 3(c+k)?

and

dA 3(c+k)
s k
dAdp, — 3(c+k)
s k
dAdp, — 3(c+k)
ds by
dpy ¢
s b
T
s by
dpode (et k)
s by
dpvde (et k)

The signs of the cross derivatives dfdsp - and % immediately give the results. H
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