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1. Introduction

This paper analyzes how accounting biases endogenously arise as firm owners’
optimal response to balance different stewardship uses of accounting informa-
tion systems. Specifically, we identify conditions under which the nature of
the stewardship use affects whether the accounting system exhibits conserva-
tive or liberal bias.1 We distinguish two types of stewardship uses of account-
ing information: one is to motivate the (standard) managerial efforts that
affect the first moment (mean) of the firm output, and the other is to motivate
the managerial efforts that facilitate the principal’s decision making by affect-
ing the second moment of the firm output (we refer to such efforts as the deci-
sion-facilitating efforts). We find that, while conservative bias may be optimal
when accounting information is used only to motivate mean-increasing efforts
(Kwon, Newman, and Suh 2001; Kwon 2005), liberal bias is necessary when
decision making and control interact in the sense that accounting information
is also used to motivate decision-facilitating efforts.

We illustrate the above idea in a simple model where an accounting
system provides information relevant both for making decisions and for
evaluating an agent. As a first benchmark, we demonstrate that, in the
absence of evaluation considerations, an unbiased accounting (classification)
system is preferred for providing useful decision-making information, thus
establishing an endogenous need for an information system. As a second
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benchmark, we layer in a (standard) incentive problem in that the agent’s
effort only increases expected payoffs in the first-order stochastic dominance
sense, but does not reduce the degree of uncertainty (i.e., variance) in the
principal’s decision-making problem. In this case, we find that the incentive
problem can justify instilling a degree of conservative bias in accounting.2

As a final benchmark, we consider the case in which the agent’s mean-
increasing effort is observable (and contractible), and the only nontrivial
moral hazard problem lies in the agent’s effort to facilitate decision making
by reducing uncertainty. Such a reduction in uncertainty can come from,
for example, gathering more precise decision-relevant information, better
diversification, and so on. For this benchmark, it is shown that bias is once
again preferred in order to motivate effort, although the direction of the
bias is inconsequential. That is, it is important to have a biased information
system, but the bias can be either conservative or liberal.

With these benchmarks in place, we then introduce the unique aspect of
our setting by considering the case in which the owner must provide incen-
tives for the agent to exert both mean-increasing and decision-facilitating
efforts. Recall, in the case of either effort problem considered indepen-
dently, a weak preference arises for conservative accounting. When one con-
siders both problems simultaneously, a stark contrast arises: the
information system must exhibit liberal biases in order to motivate the
agent. In fact, such a liberal bias is necessary regardless of which incentive
constraints bind in equilibrium.

Intuitively, when an agent takes decision-facilitating effort to reduce
uncertainty (thin the tails of a distribution), the firm seeks to reward such
behavior by giving a bonus not in the event of extremely good outcomes
(arising in the right tail of the distribution) but rather for an average out-
come. At the same time, to motivate mean-increasing effort, the agent needs
to be paid more for outcomes on the right side of the distribution than out-
comes on the left side of the distribution. To manage these two incentives
effectively, the firm needs an information system that classifies average out-
comes as good news, that is, exhibiting modest liberal biases.3

The above result offers a new insight into the interpretation of liberal
biases in firms’ external financial reports. While the existence of liberal
reporting biases are widely documented by empirical research (for surveys,
see Healy and Wahlen 1999; Fields, Lys, and Vincent 2001), there is a lack

2. This benchmark result is generally consistent with existing literature on moral hazard

and conservatism. For example, Kwon et al. (2001), Venugopalan (2001), and Kwon

(2005) each present circumstances under which the desire to motivate mean-shifting

efforts can give rise to conservative accounting systems under limited liability. Chen,

Hemmer, and Zhang (2007) show that conservative accounting principles can help

reduce firms’ incentives to engage in (socially harmful) earnings management. Gigler

and Hemmer (2001) and Bagnoli and Watts (2005) also consider conservatism, but in

cases where both moral hazard and adverse selection are present.

3. In contrast, a conservative system classifies average outcomes as bad news.
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of consensus on their interpretation. One view is that such biases result
from managers opportunistically exercising reporting discretion to advance
their private benefit at owners’ expense, suggesting that these biases reduce
the decision-making use of accounting information for investors. An alter-
native view is that liberal accounting is more benign in that managers use
reporting discretion to communicate their private information, suggesting
that these biases increase the decision-making use of accounting information
(e.g., Watts and Zimmerman 1986; Subramanyam 1996; Healy and Palepu
1996; Bowen, Rajgopal, and Venkatachalam 2010).

Our analysis suggests another view of liberal accounting bias, one
rooted in the desire to effectively manage agent incentives to exert effort to
improve decision making. Our explanation entails a bit of each of the above
prevailing explanations: it examines a circumstance where managers’ oppor-
tunistic behavior is at the forefront, but demonstrates that biases may actu-
ally reduce such opportunism and thereby improve accounting numbers’
decision-making usefulness.

Comparative statics of our main result also point to some potential
implications. For one, the more critical that accounting information is used
for decision making in an organization, the less liberal bias one would
expect to observe. We also note that, when decision-facilitating effort con-
stitutes the pressing incentive constraint, the greater the fundamental uncer-
tainty faced by a firm, the greater the equilibrium bias. To the extent that
higher fundamental uncertainty is reflected by higher cost of capital, this
result may point to a more benign explanation for the observed connection
between income-increasing earnings management and higher cost of capital:
higher cost of capital leads to greater bias in the reported earnings, not the
other way around.

We demonstrate these primary conclusions in a stylized model to pro-
vide a parsimonious representation of endogenous biases. Despite its sim-
plicity, the model integrates a number of general observations about the
features of an accounting information system. First, we take as given that
the primitive role of an accounting system is to provide information to
assist decision making in uncertain environments. The decision can be either
an internal decision made by the board of directors (e.g., strategic planning,
mergers and acquisitions, etc.) or an external decision by outside sharehold-
ers on their optimal holding of the firm shares. Thus, we focus on a setting
where the decision problem is such that more information is beneficial, thus
giving endogenous demand to both an (accounting) information system and
the managerial effort that reduces uncertainty.

Second, a salient feature of the accounting reporting system, as well rec-
ognized in the literature and recently summarized in Dye 2002, is essentially
a process of classification: a firm is either a going concern or not, an expen-
diture is either a periodic expense or an investment, an asset is either short
term or long term, and so on. Consequently, accounting information is
often presented in highly aggregate and categorical terms. While this feature
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is a result of the specific rules, standards, and conventions that govern
accounting reporting, more importantly it reflects the fact that accounting
information can only help resolve some, but not all, of the firm’s underlying
uncertainty. To capture this feature, we follow the literature and model the
accounting information system as providing a partition of the underlying
state space.4 As a result, the accounting information in our model is aggre-
gate and categorical, but is nonetheless informative about the underlying
states.

Finally and perhaps most critically, we examine interactions between
decision making and incentive provisions that arise naturally when an agent
can take actions to facilitate decision making, in addition to the standard
mean-increasing efforts.5 This is manifested in the presumption that the
agent can make efforts to reduce decision uncertainty and thereby effec-
tively improve the informativeness of the accounting system. This feature of
incentive problems rooted in effort to reduce uncertainty has been previ-
ously examined in, for example, Hirshleifer and Suh 1992, Sung 1995, Meth
1996, and Demski and Dye 1999.

In Hirshleifer and Suh 1992, the phenomenon arises when a manager’s
efforts affect both project choice and implementation success; Sung (1995)
expands the Holmstrom and Milgrom 1987 linearity result to the case in
which the agent can control not only the drift (mean) of the outcome distri-
bution but also the diffusion rate (variance); Meth (1996) examines uncer-
tainty-reducing effort that must be motivated in order to better monitor
other actions of an agent; and Demski and Dye (1999) consider contracting
when an agent has private information and can take actions to control both
the mean and variance of performance. In each case, the existing literature
focuses on optimal contracting, not the preferred information system or
bias which is the focus herein.

The question of preferred information systems has a rich history both
in decision-making and control contexts. The seminal work in the former
regard is Blackwell 1951, which provides necessary and sufficient condi-
tions for information-system ranking. Taking decision control into
account, Gjesdal (1982) and Grossman and Hart (1983) provide a suffi-
cient condition for information-system ranking analogous to Blackwell
ordering. Because such a ranking is only sufficient in the presence of moral
hazard, Kim (1995) subsequently identified a less stringent sufficient condi-
tion rooted in likelihood ratios of different information systems. Given this
existing framework, we note that the setting studied herein is one in which

4. See also Ijiri 1975, Demski 1980, Dye 1985, and Christensen and Demski 2003 for simi-

lar modeling of accounting reports as a partition of the state space.

5. In contrast, Arya, Glover, and Sivaramakrishnan (1997) consider a case in which the

principal can make decisions that alter information about the agent’s action. In their

setting, a less informative decision-relevant signal can be useful as a substitute for a

principal’s commitment to a certain action so as to reduce attendant contracting costs.
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there is neither a Blackwell ordering with respect to decision making or
control and neither is there an ordering with respect to Kim 1995 when
one only views the usual mean-shifting agent effort. However, when the
agent’s efforts to reduce decision uncertainty are considered and become
the binding incentive constraint, a more liberal accounting system can be
shown to be preferred in accordance with Kim’s 1995 ranking of informa-
tion systems.

The paper proceeds as follows. Section 2 presents the basic model. Sec-
tion 3 presents the results, providing three natural benchmarks and demon-
strating the solution to the model and implications for endogenous liberal
biases. Finally, section 4 concludes.

2. The model

Let s denote an unobservable random variable reflecting the productive
environment in which a risk-neutral firm (principal) operates. It is common
knowledge that s follows a uniform distribution with a mean of k over the
support of k� d; kþ d½ �; d > 0. Although s can be interpreted broadly as any
payoff that benefits the firm owners, to fix ideas we often interpret it as the
demand for the firm’s products. Before s is realized, the principal can make
decisions in anticipation of s. Examples of these actions include deciding
the production capacity or building up inventories to best meet the demand.
We use i to denote such decisions.

In addition, for a wage payment A, the principal can hire an agent to
directly affect the demand. We assume that the agent is risk neutral and
can take two types of unobservable efforts e1; e2ð Þ to influence the realiza-
tions of s.6 Each effort is binary, with e1 2 e1

h; e
1
l

� �
and e2 2 e2

h; e
2
l

� �
, and

determines a different attribute of the distribution of s. Specifically, a high
effort on the first action, e1

h, increases the mean (i.e., the first moment,
hence the superscript of 1) of s from kl to kh, with kh > kl. A high effort
on the second action, e2

h, reduces the variance (i.e., the second moment,
hence the superscript of 2) of s from dl to dh, with dh < dl. Examples of
the e2 effort include conducting market research, gathering more precise
decision-relevant information, reducing the inherent uncertainty of the
firm’s operational environment by appropriate diversification or better
strategies, and so on. Effort is personally costly to the agent. We use c1

and c2 to denote the incremental cost of exerting a high effort on e1 and e2,
respectively.

Given s, i and A, the principal’s net payoff is

s� A� a i� sj j;

where a > 0 is a parameter that reflects the relative importance of the
decision taken by the principal. In particular, the principal is better off
if her decision i matches the underlying state of the world s more closely.

6. Our liberal bias results are not driven by risk neutrality.
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In the context of interpreting s as demand and i as capacity planning, this
payoff function captures the idea that, while the firm unequivocally bene-
fits from higher demand with a lower cost (captured by a high realized
value of s and a low compensation cost A), the benefits are best gleaned
when the firm can set the production capacity to match closely the level
of demand. While e1 represents the standard control problem which affects
only the first moment, the importance of matching decision i with s gives
rise to the need for the agent’s decision-facilitating e2 effort. Without the
need for matching, the assumption of risk neutrality implies that the opti-
mal level for e2 should be zero. Thus, our setting is one where the princi-
pal needs to take into account the interaction between decision making
and control by motivating both efforts. Because the simultaneous consid-
eration of both efforts constitutes the central tension in our analysis, we
focus our key analysis on situations where both concerns are sufficiently
severe.

We now introduce the information system. The firm can install an
accounting information system that provides a partition of s (reflected in
a cutoff, m) prior to i and e’s being chosen. The system subsequently
yields a (binary) public signal: if s � m (i.e., s falls in the interval
m; kþ d½ �), the report is ‘‘G’’ (Good); if s < m (i.e., s falls in the interval
[k ) d, m)), the report is ‘‘B’’ (Bad). The binary structure reflects the
aggregate and categorical nature of accounting classifications (Dye 2002)
and at the same time is nonetheless informative about the underlying
states.

The choice of m affects the value of the accounting system to the princi-
pal in two ways. First, the principal can use the signals generated by the
system to better match her decision i with the environment s. Second,
the principal can also use the signals in the incentive contract to motivate
the agent to exert high efforts. Specifically, because s is not observable (at
least in the contracting horizon), the only publicly observable and contract-
ible signal is the accounting classification indicating whether s is Good or
Bad. As a result, the agent’s realized compensation can take only two val-
ues, one corresponding to the Good accounting report (denoted AG) and
the other to the Bad report (AB). Thus, in our setting, the incentive contract
offered by the principal consists of three components: m;AG;ABð Þ. Lastly,
we impose a limited liability condition on the agent: Ai � 0; i 2 G;Bð Þ (i.e.,
the principal pays the agent, not the other way around). As will be clear
soon, assuming limited liability facilitates closed-form solutions as well as
ready comparison with prior literature. However, our main result does not
depend on this assumption.

The principal thus solves the following maximization problem. In the pro-
gram, Pr (j|e1, e2) reflects the probability of accounting report j (j = G,B)
given efforts e1 and e2; E(Æ |j, e1, e2) represents the expectations operator con-
ditioned on having received accounting report j and agent efforts e1 and e2;
and c(e1, e2) reflects the agent’s cost of exerting efforts e1 and e2.
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max
ðe1;e2Þ;ðm;AB;AGÞ;ðiG;iBÞ

X
j¼G;B

Prðjje1; e2Þ E s� ajij � sj j; e1; e2
��� �

� Aj

� �
subject toX
j¼G;B

Aj Prðjje1; e2Þ � cðe1; e2Þ �
X

j¼G;B

Aj Prðjj~e1;~e2Þ � cð~e1;~e2Þ; 8~e1;~e2 (IC)

Aj � 0; j ¼ G;B (LL)

X
j¼G;B

Aj Prðjje1; e2Þ � cðe1; e2Þ � U (IR)

Program 1

In words, Program 1 indicates that to maximize the expected payoff net of
the agent’s wage compensation, the principal needs to specify: (1) e1; e2ð Þ,
the desired effort combination to be implemented by the agent; (2)
m;AG;ABð Þ, the wage payments and the installed information system; and
(3) iG; iBð Þ, the set of decisions to be made upon observing the accounting
signal. In the program, the incentive compatibility (IC) constraints guaran-
tee that the agent finds in his own interest to choose e1; e2ð Þ rather than any
other effort combination ð~e1;~e2Þ. The wage payments need to be nonnega-
tive due to the limited liability (LL) constraint. Finally, the individual
rationality (IR) constraint guarantees that the agent receives his reservation
utility U. As is routine, we set U = 0 for simplicity; thus, the LL con-
straints ensure that the IR constraint is always satisfied.

Because our goal in this paper is to shed light on the optimal use of
accounting bias in contracting, it is imperative to formalize a definition of
bias in the information system.

Definition. Bias in accounting classification is the expected signed
deviation of m from s, that is, bias equals Es s�mð Þ. A classification
is unbiased if Es s�mð Þ ¼ 0, conservative if Es s�mð Þ < 0, and liberal
if Es s�mð Þ > 0.

Conceptually, the above definition captures the idea that if a below-average
s is classified as Good, the information system is said to exhibit liberal
biases; likewise, if an above-average s is classified as Bad, the information
system is said to exhibit conservative biases.

The timeline of the model is summarized in Figure 1.
Although so far we have interpreted i in terms of an internal decision

made by firm insiders in order to fix ideas, it is by no means the only inter-
pretation. For example, it can be a decision made by the firm’s outside
shareholders on whether to increase or decrease their holdings of the firm’s
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shares upon the release of the firm’s financial reports. Under this interpreta-
tion, the outside shareholders use the information from the firm’s financial
reports to gauge the firm’s future performance (i.e., s) and adjust their hold-
ings accordingly to meet their personal portfolio balancing needs. In this
context, the accounting information system resembles the firm’s external
financial report and the key insight from our analyses applies equally to
bias in both firms’ internal and external information system.

3. Results

Benchmark 1: Optimal system without moral hazard

We start with a benchmark when there is no moral hazard consideration
and the accounting information is used purely for assisting the principal’s
decision making (i.e., choice of i). This benchmark corresponds to the case
where the firm is able to observe and directly contract on the agent’s effort
choices (e1; e2 ) and wishes to implement high effort in each dimension. In
this case, the first-best outcome can be achieved by offering a positive wage
payment that covers the agent’s disutility of efforts only when both e1

h and
e2

h are observed. Thus, the principal’s system choice amounts to finding the
m that helps her make the best decision i to maximize her expected payoff.
Lemma 1 provides the solution in this case. (For expositional ease, all
proofs throughout the paper are relegated to the Appendix.)

Lemma 1. (i)For s uniformly distributed over the interval t1; t2½ �, the
decision i that maximizes the principal’s utility is the median of the
s-distribution (i.e., t1 þ t2ð Þ=2).

(ii)Without moral hazard, the optimal accounting system is unbiased,
that is, m = kh.

Lemma 1(i) shows that, given any information system m, the principal’s
optimal decision is to choose the median of the posterior distribution. In
our context, this means that, if the principal observes a Good signal from
the accounting information system, she would update her posterior belief
about s to be uniformly distributed over s � U[m, kh + dh], and her
optimal decision i is khþdhþm

2 . Similarly, her optimal decision is kh�dhþm
2 if the

signal is Bad.

t=1
The principal determines 
the information system and 
the contractual payments, 
( ), ,B Gm A A .

              t=2 
The agent either accepts or 
rejects the contract offered, 

and chooses 
1 2( , )e e .

             t=3 
Accounting signal observed. 
The agent is compensated.  
The principal determines i.

t=4
s and 
principal’s
payoff are 
realized. 

Figure 1 Timeline.
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Lemma 1 (ii) shows that the best information system for the principal is
an unbiased accounting system that equally partitions the state space. The
intuition behind both results in Lemma 1 is due to the desire to match the
decision with the state, seeking to avoid large deviations of i from s. One
may suspect that both results are driven by the assumed symmetric loss
term in the principal’s utility function.7 To check the robustness of Lemma
1 to an asymmetric loss function, consider the optimal decision and
information system assuming the principal’s net payoff is s ) A ) a|i ) s|
) b(i ) s)I(i > s), where I i > sð Þ is the indicator function and b „ 0 reflects
any differential cost between overshooting and undershooting the state.
(Detailed proofs are in Observation 1 of the Appendix.) In this case, while
result (i) no longer holds, result (ii) regarding the optimality of the unbiased
accounting system still holds. Intuitively, (ii) holds because decision i is
taken after observing the realized signal and can be used to deal with the
asymmetric loss, whereas the cutoff choice is decided before observing any
signal realization and therefore needs to minimize the ex ante odds of large
deviations of the decision from the state, hence making the symmetric infor-
mation system design the optimal choice.

Because this benchmark case demonstrates a preference for an unbiased
system when used only for the principal’s decision-making purposes, any
biases that arise in equilibrium can be directly attributed to issues relating
to motivating the agent to exert efforts. Further, as suggested earlier, the
direction of the bias will depend on which incentive provision concerns are
present. We turn to this issue next.

Benchmark 2: Optimal system with moral hazard on mean-increasing effort
(e1)

Here, we assume as before that the principal wishes to motivate high efforts
on both e1 and e2, except that now she can observe only e2 and must rely
on incentive compensation to motivate e1. This setting resembles the tradi-
tional modeling of incentive compensation to motivate mean-increasing
effort. Given e2

h and m, the relevant IC constraint for the principal is:

PrðGje1
h; e

2
hÞAGþPrðBje1

h; e
2
hÞAB� c1 � PrðGje1

l ; e
2
hÞAGþPrðBje1

l ; e
2
hÞAB IC�1ð Þ;

which, after substituting the probability distribution for a given m, can be
simplified into

AG � AB �
2dhc1

kh � kl
:

Together with the LL constraint, it is clear that the introduction of
moral hazard on e1 may force the principal to provide rents to the agent.
Consequently, the principal must take into account such rents when deciding

7. We thank an anonymous referee for raising this concern.
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an information system. As the next proposition confirms, such a circum-
stance can justify a conservative accounting system.

Proposition 1. The optimal contract that motivates ðe1
h; e

2
hÞ with moral

hazard only on e1 is:
(i) AB = 0 and AG ¼ ð2dhc1Þ=ðkh � klÞ when kh < kl + dh and
AB = 0 and AG = 2c1 otherwise; and
(ii) m* > kh when kh < kl + dh and m* = kh otherwise.

8

Proposition 1(i) demonstrates the usual contracting solution with
binary signals and LL: the agent is paid the minimum (zero) for a Bad
signal and a bonus for a Good signal, with the bonus set high enough to
create incentives for effort. Proposition 1(ii) demonstrates that when
such moral hazard is nontrivially present (i.e., when kh < kl + dh), the
optimal accounting system introduces a conservative bias. When
kh � kl þ dh, any m � kl þ dh can motivate high e1 effort at first-best cost
levels due to the moving support. The optimal cutoff is unbiased in this case
due to the principal’s use of accounting information for decision i. To
restrict attention to cases in which the moral hazard problem with respect
to e1 is nontrivial, we will presume kh < kl + dh for the remainder of the
analysis. As will be clear soon, our main insight is unaffected by this
assumption.

At the risk of belaboring a simple point (in exchange for laying the
ground for later comparison), we elaborate the intuition for Proposition 1
in a likelihood ratio framework. Specifically, given AB = 0 at the solution,
the agent’s incentive constraint specifies AG ¼ c1

PrðGje1
h
Þ�PrðGje1

l
Þ : (We omit e2

h

in the conditional set for notational ease.) Substituting the probability
distribution for any m into this expression yields the payment in part (i).
Using this, the expected wage is

PrðGje1
hÞAG ¼

PrðGje1
hÞc1

PrðGje1
hÞ � PrðGje1

l Þ
¼ c1

1� LR1 mð Þ

where LR1 mð Þ ¼ PrðGje1
l
Þ

PrðGje1
h
Þ is the likelihood ratio under the good signal and

captures the entire effect of the information system on expected wages: the
higher LR1(m), the higher the expected payments. Given any (interior) m,
LR1(m) equals:

LR1ðmÞ ¼ kl þ dh �m

kh þ dh �m
ð1Þ;

8. Our main focus is on the direction of the bias. Therefore we relegate the detailed expres-

sion for m* to the proofs in the Appendix for notational ease. Similarly, under the bin-

ary structure, the key component of the optimal compensation is when the agent gets a

bonus payment, hence we relegate most of the expressions for the compensation pay-

ments to the Appendix as well.
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which is decreasing in m, reflecting that the expected wage payment is lower
the more conservative the accounting system (i.e., the more stringent the
requirement for recognition of good news). In fact, when only considering
the moral hazard problem, the principal can achieve first-best incentive pro-
vision by setting the corner cutoff, m � kl þ dh (yielding LR1(m) = 0), to
fully exploit the moving support feature of the distribution. This notion that
moral hazard considerations can justify conservative biases (given LL) is
similar in spirit to that in Kwon et al. 2001 and Kwon 2005.

In our setup, another consideration arises because the information system
is also used for the principal’s decision-making purpose. Thus the optimal
cutoff weighs the desire for conservatism (m large) driven by moral hazard
concerns and the desire for unbiasedness (m equal to kh) dictated by decision-
making concerns. Intuitively, the more important decision making is to the
principal (the greater a), the less conservative the information system.

Benchmark 3: Optimal system with moral hazard on effort e2

Now we consider the case where the principal can observe only mean-
increasing effort e1 and must rely on incentive compensation to motivate
decision-facilitating effort e2. The relevant incentive compatibility constraint
is:

PrðGje1
h; e

2
hÞAG þ PrðBje1

h; e
2
hÞAB � c2 � PrðGje1

h; e
2
l ÞAG þ PrðBje1

h; e
2
l ÞAB IC� 2ð Þ;

which guarantees the agent (weakly) prefers e2
h to e2

l . An immediate implica-
tion of (IC-2) is that it is impossible to motivate e2

h under an unbiased infor-
mation system (i.e., m = kh). This is because, with an unbiased system, the
probability of obtaining a G report (on which the compensation is based) is
always one-half regardless of the effort level on e2. Thus, a biased informa-
tion system is necessary to induce e2

h. The following proposition shows that
in this case either a conservative or a liberal bias can help induce e2

h.

Proposition 2. The optimal contract that motivates ðe1
h; e

2
hÞ with moral

hazard only on e2 entails either of the following two solutions which
generate the same (optimal) payoff to the principal: Solution 1:
m* < kh, A�G > A�B ¼ 0, or Solution 2: m* > kh, A�B > A�G ¼ 0.

Under solution 1, the accounting system is liberally biased and the agent
gets a reward upon a Good signal realization. This is because the liberal
system leads to a higher likelihood of a realized Good signal when the agent
works than when he shirks.9 Under solution 2, the information system
exhibits conservative biases and the agent is paid more upon a Bad signal.
This is because the conservative system leads to higher likelihood of a real-
ized Bad accounting signal when the agent works than when he shirks. The
common intuition behind both solutions is that, when the agent chooses

9. We postpone a detailed discussion of likelihood ratios until the next subsection.
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high e2, the signal realizations are more likely to be close to the center of
the distribution. As a result, the agent should be rewarded for realizations
closer to the center. Proposition 2 shows that, when properly combined, a
liberal system with a reward for a good outcome achieves the same payoff
to the principal as a conservative system with a reward for a bad outcome.

Solution to main setup with moral hazard on both e1and e2

Equilibrium liberal bias

We now turn to our main setup, assuming that the principal likes to
motivate high effort on both effort dimensions. In this case, in addition to
(IC-1) and (IC-2), the principal also faces one additional IC constraint:

PrðGje1
h; e

2
hÞAG þ PrðBje1

h; e
2
hÞAB � c1 � c2 �PrðGje1

l ; e
2
l ÞAG

þ PrðBje1
l ; e

2
l ÞAB (IC� 3Þ:

Here, (IC-3) incentivizes the agent to choose ðe1
h; e

2
hÞ over ðe1

l ; e
2
l Þ.

So far we have shown that liberal bias can never be optimal to motivate
e1 while both liberal and conservative bias can be optimal for motivating e2.
Thus, at first glance, one may naturally conjecture that when both e1 and e2

need to be motivated the optimal system is simply conservative. As Proposi-
tion 3 shows next, this conjecture turns out to be incorrect. In order to
motivate high effort on both actions, the information system is necessarily a
liberal one, regardless of which incentive constraints are binding.

Proposition 3. In order to motivate ðe1
h; e

2
hÞ, the optimal information

system must have m* < kh.

To see the intuition behind Proposition 3, consider how different efforts
affect the likelihood of a bonus payment. Recall that, with only e1 consid-
ered, the conservative accounting system ensured that the reward for high
effort was paid only for realizations in the right tail of the s distribution.
This is natural if the effort in question can shift the mean of the distribution
to the right. When e2 is considered, however, paying a bonus in the tails of
the distribution only dampens incentives to reduce uncertainty (i.e., thin the
tails). To overcome this concern, the reward structure must pay the bonus
for realizations in the center of distribution. A liberal accounting system
provides such an opportunity. With a liberal system, average news is classi-
fied as Good news. Thus, if the agent can take effort to reduce uncertainty,
he is more likely to get such average news and, thereby, more likely to
achieve the bonus.

To elaborate, moral hazard with respect to e1 requires payments to be
increasing in the realized signal. This translates into a higher payment for a
good signal than for a bad signal, that is, AG > AB (as implied by the
(IC-1) constraint). Rewriting the incentive constraint that ðe1

h; e
2
hÞ is

preferred to ðe1
h; e

2
l Þ yields PrðGje1

h; e
2
hÞ � PrðGje1

h; e
2
l Þ

� �
AG � ABð Þ � c2.
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A necessary condition for this to be satisfied is PrðGje1
h; e

2
hÞ> PrðGje1

h; e
2
l Þ

which for any m 2 [kh ) dh, kh + dh] is equivalent to ðkh �mÞð 1
2dh
� 1

2dl
Þ > 0:

Because dl > dh by assumption, a necessary condition for the inequality to
hold is kh ) m > 0, that is, the information system exhibits liberal bias.
Note that this requirement occurs regardless of the magnitude of the incen-
tive problem on e2. In fact, even in the case of c2 = 0, the standard conclu-
sion that moral hazard on mean-shifting effort favors conservative
accounting systems is disabled. That is, even if effort to reduce uncertainty
is costless from the agent’s standpoint, it nonetheless precludes a conserva-
tive system due to a need to eliminate the temptation to increase uncer-
tainty. In other words, even with costless variance-shifting effort, a latent
incentive problem arises that necessitates a reexamination of optimal bias.

More generally, the notable aspect of our results is how they contrast
starkly with the three benchmark cases. These benchmark cases show that
(i) decision making alone favors an unbiased system; (ii) mean-shifting
effort as the sole moral hazard problem may favor a conservative system
(assuming kh ) kl < dh); and (iii) decision-facilitating effort as the sole
moral hazard problem favors bias, but the direction of such bias is inconse-
quential and thus need not be liberal. Thus, when viewing each of the three
problems independently there is no apparent demand for liberal bias. How-
ever, our results in this section stress that the simultaneous presence of
moral hazard on mean-shifting and decision-facilitating efforts requires lib-
eral bias, regardless of what constraints bind. That is, even though the
incentive constraint on mean-increasing effort e1 (IC-1) may not bind at the
optimal solution, it determines the direction of the optimal bias.10 Further-
more, our liberal bias result does not require the LL assumption; liberal
bias is necessary as long as incentives are needed to motivate both e1

and e2.

The optimal extent of liberal bias

A question that naturally follows is how liberal the accounting system will
be in equilibrium. To address this most succinctly, consider the scenario in
which the effort of primary interest, e2, comprises the pressing incentive
problem. In this case, the relevant (binding) incentive constraint is (IC-2)
which requires that the agent prefers e1

h; e
2
h

� �
to e1

h; e
2
l

� �
. Such a scenario is

ensured so long as the second-moment moral hazard problem is sufficiently
pronounced or c2 is big enough. While this circumstance highlights the
primary forces of interest most succinctly, we note that similar results are
obtained when c2 is small and different constraints bind.11 With AB = 0 at
the optimal, (IC-2) can be simplified as

10. In other words, the principal’s problem here when only (IC-2) binds is not the same

as the principal’s problem in benchmark 2 when the mean-increasing effort (e1) is

observable.

11. For completeness, the Appendix presents the (rather unwieldy) complete characteriza-

tion, and interested readers are encouraged to contact the authors for the full details.
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AG ¼ c2
	
½PrðGje1

h; e
2
hÞ � PrðGje1

h; e
2
l Þ�:

Employing the relevant probability distributions for any interior m, this
entails

AG ¼ 2dhdlc
2
	
½ðdl � dhÞðkh �mÞ�:

We now turn to the optimal information system in this case. Using the
above payment, the expected wage is

PrðGje1
h; e

2
hÞAG ¼

c2

½1� PrðGje1
h; e

2
l Þ=PrðGje1

h; e
2
hÞ�
¼ c2

1� LR2 mð Þ ;

where LR2 mð Þ ¼ PrðGje1
h; e

2
l Þ=PrðGje1

h; e
2
hÞ. As before, the information sys-

tem’s effect on expected wages is captured entirely by the likelihood ratio
under the Good signal: the higher LR2(m), the higher the expected pay-
ments. Given any (interior) cutoff m < kh, LR

2(m) equals:

LR2ðmÞ ¼ dhðkh þ dl �mÞ
dlðkh þ dh �mÞ ð2Þ:

Equation 2 shows that LR2(m) increases in m, reflecting that the
expected wage payment is lower the more liberal the accounting system
(i.e., the less stringent the requirement for recognition of Good news). So,
not only is a liberal accounting system necessary to motivate effort, the
incentive problem viewed alone would suggest the more liberal the account-
ing system the better.

More generally, one can link this result that a moral hazard problem
for effort that reduces decision uncertainty leads to a preference for liberal
accounting to Kim’s 1995 ranking of information systems. In particular, as
detailed in the Appendix, the Likelihood Ratio Distribution Function in
this case, L2

mðzÞ, is:

L2
mðzÞ ¼ 0 for z < 1� dhðm� kh þ dlÞ

dlðm� kh þ dhÞ
;

L2
mðzÞ ¼

m� ðkh � dhÞ
2dh

for 1� dhðm� kh þ dlÞ
dlðm� kh þ dhÞ

� z < 1�dhðkh þ dl �mÞ
dlðkh þ dh �mÞ

L2
mðzÞ ¼ 1 for z � 1� dhðkh þ dl �mÞ

dlðkh þ dh �mÞ

ð3Þ:

Using (3), straightforward algebra confirms that, for any m0 < m00 < kh

(the latter inequality assured from Proposition 3), L2
m0 ðzÞ represents a mean

preserving spread of L2
m00 ðzÞ, thereby confirming that Kim’s 1995 condition

supports the preference for a more liberal system when the moral hazard with
respect to e2 is the pressing concern. By employing the sufficient condition
for information-system ranking in Kim 1995, this derivation confirms that
such a preference would persist even under risk aversion provided that the
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incentive constraint is binding in equilibrium, thereby confirming the basic
conclusion herein is not sensitive to the presumption of LL.12

However, because the information system is not used exclusively for
incentives but must also provide information directly for decision-making
purposes, an interior solution is obtained that balances the desire for un-
biasedness (stipulated by decision making) and the desire for liberal bias
(stipulated by incentive provisions).

Proposition 4. There exist c2 and a such that when c2 � c2 and a � a, the
optimal contract that motivates ðe1

h; e
2
hÞ features A�G > A�B ¼ 0 and

m* < kh. Furthermore, in this case, the optimal information system
cutoff, m*, is (weakly) increasing in a, (weakly) decreasing in c2,
(strictly) decreasing in d, and (weakly) increasing in D, where d ” dh
and D ” dl ) d.

Intuitively, Proposition 4 performs comparative static analyses when the
(IC-2) constraint is the pressing (binding) constraint which is guaranteed by
the two (lower) bounds c2 and a. Specifically, it shows that (i) the greater
the relative importance of decision making (as captured by a larger a), the
closer the information system is to the unbiased benchmark and (ii) the
more pronounced the incentive problem (as captured by a larger c2),
the more the firm relies on liberal bias to alleviate it. In short, the proposi-
tion suggests that the more important incentive provisions are for an orga-
nization, the more bias one would expect in equilibrium. Importantly, such
bias arises not due to manipulation by the agent or even appeasement by
the principal, but rather as an optimal means of providing incentives.
Though the natural temptation when observing such biases in practice (e.g.,
upward earnings management) is to presume unchecked managerial oppor-
tunism, this result clearly points to an alternative.

Interestingly, two additional comparative statics can be gleaned from
Proposition 4 by defining d ” dh and D ” dl ) d. Clearly, with this reparam-
eterization, the optimal information system cutoff m is a decreasing function
of d and an increasing function of D. Or equivalently, the equilibrium lib-
eral bias is increasing (decreasing) in d (D). Intuitively, as d (D) increases
(decreases), for the same cutoff, the likelihood of obtaining the G signal
whether working or shirking on e2 becomes increasingly harder to distin-
guish. Thus, the principal needs to bias the system even more in order to
restore the agent’s incentives to exert the second-moment effort. In this
case, if d is interpreted as the fundamental uncertainty of a firm in equilib-
rium and roughly proxied by cost of capital, there is strong empirical

12. Interestingly, we note that Kim’s 1995 condition does not allow a succinct comparison

of information systems when only moral hazard on e1 is present (the case in section 3).

Thus, as noted in Kwon et al. 2001, the conclusion that such incentive considerations

warrant conservative accounting is more context dependent and depends crucially on

the assumption of the LL constraint.
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evidence consistent with the result presented here (see, e.g., Francis,
LaFond, Olsson, and Schipper 2005). While such a connection has been
viewed as a sign that earnings bias is harmful (and thereby increases cost of
capital), our results suggest that the relationship could be the reverse: the
greater the fundamental uncertainty (cost of capital), the greater the need
for a liberally biased accounting system.

We next explore a few robustness checks to discuss the extent to which
the primary conclusions herein persist in other settings. First, in the current
model, the costs of effort are assumed to be additive, thus excluding the
possibility of either increasing or decreasing marginal cost of efforts. Sup-
pose now we consider a general cost function c(e1, e2), where e1 2 fe1

h; e
1
l g,

e2 2 fe2
h; e

2
l g.

13 Without loss of generality, we can normalize cðe1
l ; e

2
l Þ to 0

and re-parameterize the problem by defining c1, c2, and c3 such that
cðe1

h; e
2
hÞ � cðe1

l ; e
2
hÞ ¼ c1, cðe1

h; e
2
hÞ � cðe1

h; e
2
l Þ ¼ c2; and cðe1

h; e
2
hÞ ¼ c1 þ c2 þ c3.

With this change of variables, (IC-1) and (IC-2) are not affected, while
(IC-3) becomes

PrðGje1
h; e

2
hÞAGþPrðBje1

h; e
2
hÞAB� c1� c2� c3 � PrðGje1

l ; e
2
l ÞAGþPrðBje1

l ; e
2
l ÞAB ;

with an extra term c3 appearing on the left-hand side which can be loosely
interpreted as incremental cost of exerting ðe1

h; e
2
hÞ relative to only working

hard on one effort. It is easy to see that introducing c3 will not have any
effect on Proposition 1 (which has only the (IC-1) constraint), Proposition 2
(which has only the (IC-2) constraint), or Proposition 3 (which is driven by
(IC-1) and (IC-2)). In other words, the key insight of the paper that liberal
accounting bias emerges when both types of efforts need to be motivated is
unaffected by the addition of c3. In addition, c3 (provided it is not too nega-
tive) would only change the bound c2 in Proposition 4, which could be
increasing in c3.

As a second robustness check, if we allow the possibility that mean-
shifting efforts also increase variance, it is readily confirmed that a liberal
accounting system is still necessary to induce both e1

h and e2
h (presuming it is

feasible to do so). As an example of when such a scenario could arise, it
can be argued that investing in an emerging market yields a higher return
but at a higher risk than investing domestically, yet there are still things
that managers can do to reduce uncertainty about foreign operations such
as prudently hedging against exchange rate fluctuations, cultivating relations
with local governments to alleviate political risk, or finding reliable local
partners.

Third, our focus is to understand the property of the information sys-
tem firms use for motivating incentives. In our model, this information sys-
tem is also assumed to be used by the principal for decision-making
purposes. The purpose of this assumption is to operationalize the idea that

13. We thank an anonymous referee for bringing our attention to this issue.
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the second moment effort is valuable. This is not a crucial assumption. As
long as both the mean-increasing and variance-reduction efforts are valu-
able to the firm, and as long as the control system is used to motivate both
efforts, the control system necessarily entails liberal bias.

Lastly, while we focus on a binary partition of s for easy comparison
with existing work, clear definition of biases, and tractability, our primary
conclusions are not unique to the binary case. Consider the following exam-
ple: kl = 36; kh = 40; dl = 18; dh = 10; a = 4; c1 = 3 ⁄2; c2 = 1 ⁄2.14 Say
the issue were not a partition of s into two regions but instead a partition
into four regions. For this example, the optimal system without moral haz-
ard is of quartiles (cutoffs of 35, 40, and 45), a result analogous to bench-
mark 1. Much like in the binary case, the introduction of moral hazard on
e1 (benchmark 2) yields an optimal system with uniformly more stringent
cutoffs (approximately 35.3, 40.7, and 46). Also, just as in the binary case,
joint consideration of moral hazard on e1 and e2 yields an optimal system
with uniformly less stringent cutoffs than either benchmark (approximately
33.7, 39.1, and 44.6).

As a final consideration, we examine the circumstances under which
motivating high effort is, in fact, optimal. Of course, if the costs of motivat-
ing effort are sufficiently small (i.e., c1 and c2 small), motivating effort on
both dimensions is optimal. Given our main focus on the decision-facilitat-
ing effort (e2), it seems worthwhile to examine the circumstances under
which motivating that effort is optimal and the ensuing comparative statics.
Proposition 5 presents such a comparison.

Proposition 5. For c1 sufficiently small and a � a, the optimal contract
motivates high effort for e1 and there exists �c2 such that:
(i) 8c2 � �c2, motivating high effort for e2 is optimal, the preferred
accounting system entails liberal bias, and the magnitude of bias is
increasing in c2; and
(ii) 8c2 > �c2, motivating low effort for e2 is optimal, the preferred
accounting system entails conservative bias, and the magnitude of bias
is constant with respect to c2.

In effect, Proposition 5 provides a holistic view of the contractual solution
to the incentive problems outlined in Propositions 1 and 4. When the
principal seeks only to motivate e1effort (part (ii)), the optimal information
system is conservative, and the cost of e2 effort c2 is inconsequential.
However, when the principal seeks also to motivate e2 effort, the informa-
tion system is liberal to the extent dictated by c2. Taken together, the
results suggest a nonmonotonic relationship between the extent of the

14. It can be confirmed that for this example motivating effort on both dimensions is opti-

mal for the principal. Also, to rule out a desire to burn profits, we presume monotonic

payments (for more on this, see, e.g., Meth 1996). Contact the authors for full details of

the example.
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decision-facilitating incentive problem (i.e., the magnitude of c2) and the
extent and direction of bias in the optimal information system as depicted
intuitively in Figure 2.

Our results also seem to be consistent with casual empirical observa-
tions that firms in more traditional industries (where incentive provision for
traditional mean-increasing effort may be relatively more important) do
seem to practice more conservative accounting while firms in high-risk,
high-growth industries (where incentive provision for decision-facilitating
effort may be relatively more important) seem to practice more liberal
accounting.

4. Conclusion

This paper presents a simple model of biases in an accounting system that
is employed for both decision-making and incentive provisions. We demon-
strate a preference for unbiased classification for the sake of decision mak-
ing and show how incentive provisions can affect both the optimality and
the nature of the biases. Consistent with prior literature, we demonstrate
that, when incentive provision entails efforts that are independent of the
subsequent decision (i.e., they increase expected payoffs but do not affect

Figure 2 Accounting bias as a function of c2.
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subsequent decision making per se), conservatism may arise. In contrast,
when incentive provision also entails efforts that can reduce decision uncer-
tainty and thereby increase payoffs by improving decision making, a differ-
ent picture emerges. In that case, the optimal accounting system exhibits
liberal biases so as to reward an agent not just for abnormally high out-
comes (also indicative of little effort to reduce uncertainty) but also for
average outcomes (indicative of efforts to reduce uncertainty).

Besides providing a justification for liberal biases rooted in optimal
incentive provisions, the results also provide a framework for when one
would expect certain biases to arise. Further, by explicitly examining
information systems when various incentive provision concerns are present
and interact, the results highlight the important aspects of such inter-
actions on the underlying conclusions, most notably the reversal in the
preferred bias.

As a concluding provocation, we note that the results here may suggest
that the (perceived) increase in aggressive accounting in recent years could
be attributed to a shift toward an information economy (where effort affects
decision making) rather than just an indicator of a diminished ethic among
accounting practitioners.

Appendix

Proof of Lemma 1

(i) Because s is uniformly distributed over the interval t1; t2½ � with t2 > t1,
the principal’s expected gross payoff from decision i that is interior to the
support, that is, i 2 (t1, t2), is:Z t2

t1

½s� aji� sj� 1

t2 � t1
ds ¼ t1 þ t2

2
� a

i2 � iðt1 þ t2Þ þ ðt2
1 þ t2

2Þ=2

t2 � t1
ðA1Þ:

Because (A1) is strictly concave in i, setting its derivative with respect
to i equal to zero yields the optimal i = (t1 + t2) ⁄2. The principal’s gross
payoff is then obtained by substituting i in (A1). Finally, it is straightfor-
ward to show that any non-interior choice of i =2 (t1, t2) is strictly domi-
nated by i = (t1 + t2) ⁄2.

(ii) Using (i), we obtain the principal’s expected payoff gross of wage
payment with an interior cutoff m 2 (kh ) dh, kh + dh):

kh� a
m�ðkh� dhÞ

2dh

Z m

kh�dh

js�ðkh� dhþmÞ=2j
m�ðkh� dhÞ

ds

�a
khþ dh�m

2dh

Z khþdh

m

js�ðkhþ dhþmÞ=2j
khþ dh�m

ds¼ kh�a
ðm� khÞ2þðdhÞ2

4dh

ðA2Þ:

Because (A2) is strictly concave in m, setting its derivative with respect
to m equal to zero yields an interior optimal m = kh, under which the opti-
mal principal’s gross payoff is kh � a dh

4 . Finally, any noninterior choice of
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m =2 (kh ) dh, kh + dh) yields an expected gross payoff of kh � a dh

2 for the
principal which is strictly dominated by that under m = kh. Q.E.D.

Observation 1

When the principal’s utility is s� a i� sj j � bði� sÞIði > sÞ � A where b „ 0 ,

(i) For s uniformly distributed over the interval t1; t2½ �, the optimal decision
i is a t1þt2ð Þþbt1

2aþb .
(ii) Without moral hazard, the optimal accounting system is unbiased, that

is, m = kh.

Proof of Observation 1

(i) Because s is uniformly distributed over the interval t1; t2½ � with t2 > t1,
the principal’s expected gross payoff from decision i that is interior to the
support, that is, i 2 (t1, t2), is:Z t2

t1

½s� aji� sj�bði� sÞIði > sÞ� 1

t2 � t1
ds ¼ t1 þ t2

2

� a
i2 � iðt1þt2Þþðt2

1 þ t2
2Þ=2

t2 � t1

� b
ði� t1Þ2

2ðt2 � t1Þ

ðA3Þ:

Because (A3) is strictly concave in i, setting its derivative with respect
to i equal to zero yields the optimal i ¼ a t1þt2ð Þþbt1

2aþb . Finally, it is straightfor-

ward to show that any noninterior choice of i =2 (t1, t2) is strictly dominated
by i ¼ a t1þt2ð Þþbt1

2aþb . Observe that, when b > 0 (b < 0), the optimal decision
i is smaller (larger) than the median t2þt1

2 because the principal suffers a
greater loss from taking a decision that is above (below) the state of nature
and hence optimally downwardly (upwardly) deviates from the median.

(ii) Using (i), we obtain the principal’s expected payoff gross of wage
payment with an interior cutoff m 2 (kh ) dh, kh + dh):

kh �
1

2dh
fa

2bðm� kh þ dhÞ2

2ð2aþ bÞ2
þ af½ðaþ bÞðkh � dhÞ þ am�2

ð2aþ bÞ2

� ðaþ bÞðkh � dhÞ þ am

ð2aþ bÞ ðkh � dh þmÞ þ ðkh � dhÞ2 þm2

2
g

þ a2bðm� kh � dhÞ2

2ð2aþ bÞ2
þ af½ðaþ bÞmþ aðkh þ dhÞ�2

ð2aþ bÞ2

� ðaþ bÞmþ aðkh þ dhÞ
ð2aþ bÞ ðkh þ dh þmÞ þ ðkh þ dhÞ2 þm2

2
gg:

Taking the derivative of the above expression with respect to m and set-
ting it to zero shows that the principal’s expected gross payoff exactly is
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again minimized at kh. The case of a noninterior cutoff can be eliminated as
before. Q.E.D.

Proof of Proposition 1

With e2 observable and contractible, we are essentially dealing with a sin-
gle-dimensional moral hazard problem. To solve the problem, consider two
cases. For case 1, say kh � kl þ dh. In this case, the first-best outcome in
benchmark one can be obtained by the following contract: m = kh,
AB = 0, and AG = 2c1. Further, from Lemma 1, m = kh is necessary to
achieve this benchmark. Case 2, kh < kl + dh, is a bit more complicated.

We proceed with case 2 in two steps. First, we solve a restricted pro-
gram in which the information system cutoff m is restricted to be interior,
that is, m 2 [kh ) dh, kl + dh]. (Note that given kh < kl + dh, [kh ) dh, kl
+ dh] is not an empty set.)

Second, we then show that the principal’s expected payoff is higher
under the optimal interior solution than when m is restricted to be non-
interior.

Step 1. m is restricted to be interior.
Note first, by Lemma 1 the principal’s optimal choice of i is i = (kh +

dh + m) ⁄2 (i = (kh ) dh + m) ⁄2) if the accounting signal is Good (Bad).
In order to motivate the agent to exert e1

h, the agent’s IC constraint must be
satisfied, that is,

kh þ dh �m

2dh
AG þ

m� ðkh � dhÞ
2dh

AB � c1 � kl þ dh �m

2dh
AG þ

m� ðkl � dhÞ
2dh

AB

, AG � AB �
2dhc1

kh � kl
:

This implies that, in order to motivate e1
h, it is necessary to offer the

agent a higher wage compensation when the accounting signal is Good.
Thus, substituting in the expression for i, the restricted program is

max
AB;AG;m

kh � a
ðm� khÞ2 þ d2

h

4dh
� ½kh þ dh �m

2dh
AG þ

m� ðkh � dhÞ
2dh

AB�

subject to AG � AB �
2dhc1

kh � kl
ðIC� 1Þ

m 2 ½kh � dh; kl þ dh�:

Program 2

Clearly, at the optimal solution, AG ¼ 2dhc1

kh�kl
> AB ¼ 0: Because the objective

function is strictly concave in m, the first-order condition with respect to m,
m� ¼ kh þ 2dhc1

aðkh�klÞ, is both necessary and sufficient for optimality if it is
interior. Notice that m* 2 [kh ) dh, kl + dh], hence interior, if and only if

c1 � a dh�khþklð Þ kh�klð Þ
2dh

. Thus, m� ¼ kh þ 2dhc1

aðkh�klÞ is the optimal solution to

Program 2 when c1 � a dh�khþklð Þ kh�klð Þ
2dh

. When c1> a dh�khþklð Þ kh�klð Þ
2dh

, the optimal
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solution is on the boundary kl + dh. What’s more, the optimal m
corresponds to a conservative accounting system as E½s�m�jðe1

h; e
2
hÞ� ¼

maxf� 2dhc1

aðkh�klÞ ;� ðkl þ dh � khÞg < 0.

Step 2. m is restricted to be noninterior.
When m is restricted to be noninterior, that is, m =2 [kh ) dh, kl + dh], it

is easy to show that the principal’s optimal m is (infinitely close to) kl + dh
and the optimal wage compensation is AG ¼ 2dhc1

kh�kl
> AB ¼ 0. The idea here is

that, for m > kl + dh, low effort cannot lead to a Good signal and as a
result a judiciously chosen bonus can achieve the first-best outcome for pro-
viding incentives (i.e., the expected wage compensation is c1). And, because
decision making demands m closer to kh, the preferred m > kl + dh is
simply (infinitely close to) kl + dh. As the principal’s payoff function is
continuous in m and the boundary solution of m = kl + dh has been
considered above in step 1, the solutions established in step 1 are
indeed global optima. Q.E.D.

Proof of Proposition 2

When e1 is observable and contractible, the problem again reduces to a sin-
gle-dimensional moral hazard problem. Clearly, due to LL, at the optimal
solution either AG or AB must be zero. Thus, we consider the following two
cases.

Case 1

In this case, the principal offers a positive wage only when the accounting
signal is Good, that is, AG > AB = 0. For the time being, let’s assume m
is restricted to be interior, that is, m 2 (kh ) dh, kh + dh). In order to
motivate the agent to exert e2

h, the agent’s IC constraint must be satisfied,
that is,

kh þ dh �m

2dh
AG � c2 � kh þ dl �m

2dl
AG , ðdl � dhÞðkh �mÞAG � 2dhdlc

2:

This implies that, in order for the IC to be satisfied, it is necessary that
kh > m. Thus, the principal solves:

max
A;m;i

E½s� aji� sj � wage� ¼ max
A;m

kh � a
ðm� khÞ2 þ d2

h

4dh
� kh þ dh �m

2dh
AG

subject to AG �
2dhdlc

2

ðdl � dhÞðkh �mÞ and kh > m ðIC� 2Þ:

Clearly, at the optimal solution, AG ¼ 2dhdlc
2

ðdl�dhÞðkh�mÞ. Because the objective

function is concave in m, the first-order condition m� ¼ kh�
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
is both

necessary and sufficient for optimality. What’s more, m* corresponds to a

liberal accounting system as Eðs�m�jfe1
h; e

2
hgÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
> 0. Finally, let’s

consider choices of m that are not interior, that is, m =2 (kh ) dh, kh + dh).
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In this case, it is easy to show that the principal’s optimal m is (infinitely
close to) kh ) dh and optimal AG ¼ 2dlc

2

dl�dh
. Thus, the optimal m is

maxfkh �
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
; kh � dhg.

Case 2

In the second case, when the principal offers a positive wage only when
the accounting signal is Bad, that is, AB > AG = 0, following a
similar approach as in case 1, it can be shown the optimal information

system is characterized by m ¼ min kh þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

hdlc2=½aðdl � dhÞ�3

q
; kh þ dh

� �
, a

conservative system, that is, Eðs�m�jfe1
h; e

2
hgÞ ¼ �

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
< 0.

Because the magnitude of biases and expected wage compensation are
identical under both cases, the principal receives exactly the same expected
payoff. Q.E.D.

Proof of Proposition 3

In order to motivate high efforts on both e1 and e2, multiple IC constraints
must be satisfied.

First, the optimal contract must provide incentives to the agent to prefer
ðe1

h; e
2
hÞ to ðe1

l ; e
2
hÞ: AG� AB � 2dhc1

kh�kl
, which is the (IC-1) constraint in the proof

to Proposition 1. This constraint implies that a the agent must receive a higher
reward when the accounting report is Good, that is, AG � AB:

Second, the optimal contract must also induce the agent to prefer
ðe1

h; e
2
hÞ to ðe1

h; e
2
l Þ, which, for any m 2 [kh ) dh, kh + dh], is equivalent to:

kh þ dh �m

2dh
AG þ

m� ðkh � dhÞ
2dh

AB � c2 � kh þ dl �m

2dl
AG

þm� ðkh � dlÞ
2dl

AB ðIC� 2Þ:

Note that (IC-2), ðdl � dhÞðkh �mÞðAG � ABÞ � 2dhdlc
2. Because (IC-1)

implies AG � AB, a necessary condition for (IC-2) to be satisfied is m < kh
(i.e., a liberal accounting system).

For any m =2 [kh ) dh, kh + dh], the only possibility of having a conservative
system is when m > kh + dh. In this case, (IC-2) becomes AB � c2 �
½1�minfm�ðkh�dlÞ

2dl
; 1g�AG þminfm�ðkh�dlÞ

2dl
; 1gAB; or �c2 � maxfkhþdl�m

2dl
; 0g

ðAG � ABÞ; which clearly contradicts AG � AB: Q.E.D.

Derivation of Expressions (3)

The likelihood distribution function, denoted L2
mðzÞ, is the probability that

1� Prðjje1
h; e

2
l Þ=Prðjje1

h; e
2
hÞ � z, where j 2 {G, B}, conditional on (e1

h; e
2
h).

Note that, when j = B, 1� Prðjje1
h; e

2
l Þ=Prðjje1

h; e
2
hÞ ¼ 1� dhðm� kh þ dlÞ=

½dlðm� kh þ dhÞ�, while when j = G, 1� Prðjje1
h; e

2
l Þ=Prðjje1

h; e
2
hÞ ¼ 1� dh

ðkh þ dl �mÞ=½dlðkh þ dh �mÞ�. It is easy to show that 1 ) dh
(kh + dl ) m) ⁄ [dl(kh + dh ) m)] > 1 ) dh(m ) kh + dl) ⁄ [dl(m ) kh + dh)].
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Thus, Expressions (3) are established by noting:
"z < 1 ) dh (m ) kh + dl) ⁄ [dl(m ) kh + dh)],
Prf1� Prðjje1

h; e
2
l Þ=Prðjje1

h; e
2
hÞ � zje1

h; e
2
hg ¼ Prðj =2fG;Bgje1

h; e
2
hÞ ¼ 0;

81� dhðm� kh þ dlÞ=½dlðm� kh þ dhÞ� � z < 1� dhðkh þ dl �mÞ= ½dlðkh þ dh �mÞ�,
Prf1�Prðjje1

h; e
2
l Þ=Prðjje1

h ; e
2
hÞ�zje1

h; e
2
hg¼Prðj ¼ Bje1

h; e
2
hÞ¼½m� ðkh�dhÞ�=ð2dhÞ; and

8z � 1� dhðkh þ dl �mÞ= ½dlðkh þ dh �mÞ�,
Prf1� Prðjje1

h; e
2
l Þ=Prðjje1

h; e
2
hÞ � zje1

h; e
2
hg ¼ Prðj 2 fG;Bgje1

h; e
2
hÞ ¼ 1. Q.E.D.

Proof of Proposition 4

We proceed in two steps. First, we demonstrate the proposition holds for a
restricted program in which the information system cutoff m is restricted to
be m 2 [kh - dh, kh). Second, we show the solution to the restricted program
is also optimal when m is unrestricted.

Step 1. When m is restricted to m 2 [kh ) dh, kh).
Notice that, depending on m, only one of the IC constraints binds. Spe-

cifically, define:

m1 � kl �
c2dlðkh � klÞ
c1ðdl � dhÞ

< m2 � kh �
c2dhðkh � klÞ
c1ðdl � dhÞ

:

It can be verified that, for "m < m1, (IC-1) is the binding constraint;
for "m 2 [m1, m2), (IC-3) is the binding constraint; and for "m 2 [m2, kh),
(IC-2) is the binding constraint.

We start by noting that the optimal solution m cannot be smaller than
m1, that is, (IC-1) cannot be the only binding constraint. This is
because when m < m1 the expected wage payment is decreasing in m

(i.e.,
@½khþdh�m

2dh

2dhc1

kh�kl
�

@m < 0) and the expected loss from decision i; a
ðm�khÞ2þd2

h

4dh
, is

also decreasing in m as m < m1 < kh; and the principal is strictly better off
to increase m. Thus, the optimal m has to lie in [m1, kh). Because for now
we focus on interior m, therefore the optimal m is in the interval of
[ max {m1, kh ) dh}, kh).

Furthermore, it is straightforward to show that at the optimal solution
AG > AB = 0.

We will focus on the case where (IC-2) binds. This is because our paper
is mainly about motivating effort that reduces uncertainty to assist decision
making and (IC-2) highlights the situation where the decision-facilitating
effort constitutes the main obstacle in motivating the agent.15 With (IC-2)
as the binding constraint, it is straightforward to show by the first-order
condition that the optimal

15. Intuitively, the case where (IC-3) binds relates to situations that relative to the mean-

increasing effort, the cost of uncertainty-reducing effort is not very high hence not the

main obstacle in incentivizing the agent.
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em ¼ kh �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

hdlc2

aðdl � dhÞ
3

s

AG ¼
2dhdlc

2

ðdl � dhÞðkh � emÞ ;AB ¼ 0:

To guarantee that this is indeed an interior optimal solution, we need
the following conditions to hold:

(1) em � kh � dh, and
(2) em; AG, and AB satisfy the (IC-3) constraint.

Condition 1 ensures that em is indeed interior. Condition 2 ensures that
(IC-2) is the pressing constraint. Because (IC-2) is the pressing constraint if
and only if em � m2, condition 2 is equivalent to verifying that em � m2. To
establish the parameter region over which conditions 1 and 2 hold, we
consider two cases depending on whether m2 � kh � dh or m2 > kh ) dh. It
is easy to verify that m2 � kh � dh , c2 � ĉ2 � ðdl�dhÞc1

kh�kl
:

Case 1: m2 � kh � dh , c2 � bc2 � ðdl�dhÞc1

kh�kl
. This means that condition 1

implies condition 2 and we only need to check condition 1, which requiresem � kh � dh , c2 � c2 � adhðdl�dhÞ
2dl

:

For c2 2 ½bc2; c2� to be non-empty, we note that a sufficient and necessary
condition is a � a � 2dlc

1

ðkh�klÞdh
.

Case 2: m2 > kh � dh , c2 < bc2. This means that condition 2 implies con-
dition 1 and we only need to check condition 2, which requires

em � m2 , c2 � c2 � c1ðdl � dhÞ
kh � kl

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2c1dl

aðkh � klÞdh

s
:

It is easy to verify that ½c2; bc2Þ is not an empty set iff a > a.

Lastly, we need to consider the corner solution when c2>c2. Note when
a > a, c2 > c2 ) m2 < kh � dh, which implies (IC-2) is the only binding
constraint for all interior m’s. However, when c2 > c2 the solution given by
the FOC em falls outside of the boundary, that is, em < kh � dh, which means
the optimal m is the corner solution of kh ) dh with fAB ¼ 0;AG ¼ 2dlc

2

dl�dh
g:16

Step 2. Optimal solution when m is restricted to be m =2 [kh ) dh, kh).
Given Proposition 2, the principal’s optimal m must be liberal. Thus,

the only possibility here is m < kh ) dh. Clearly, the optimal m is (infinitely

16. The optimal solution when c2 < c2 is fairly complicated and involves (IC-3) as the bind-

ing constraint. For completeness, we lay out the solution below (details are available

upon request): for 8c2 2 ½c2; c2Þ, the optimal contract is fAB ¼ 0;AG ¼
2ðc1þc2Þdhdl

ðkh�mÞdl�ðkl�mÞdh
g

and m = m2; 8c2 < c2, the optimal contract is fAB ¼ 0;AG ¼
2ðc1þc2Þdhdl

ðkh�mÞdl�ðkl�mÞdh
g and

m ¼ minfmaxfkh � dh;m1; arg max
t
fkh � a

ðt�khÞ2þd2
h

4dh
� ðkhþdh�tÞðc1þc2Þdl

ðkh�tÞdl�ðkl�tÞdh
gg; khg:
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close to) kh - dh because any lower m only increases expected wage
compensation and doesn’t improve decision making. This implies the corner
solution of m = kh ) dh weakly dominates all m < kh ) dh. Because the
principal’s payoff function is continuous in m and the boundary solution of
m = kh ) dh has been considered above in step 1, the solutions established
in step 1 are indeed global optima.

Thus, cases 1 and 2 together with the corner solution m = kh ) dh
above prove part (i) of Proposition 4. The comparative statics are immedi-
ate from the steps above, and, hence omitted. Q.E.D.

Proof of Proposition 5

The strategy of this proof is to derive and compare the principal’s expected
payoff from motivating each of the four effort combinations: ðe1

h; e
2
hÞ,

ðe1
l ; e

2
hÞ, ðe1

h; e
2
l Þ; and ðe1

l ; e
2
l Þ.

(1) Principal’s payoff from motivating ðe1
h; e2

hÞ.
From Proposition 4, we have for 8c2 > c2, the optimal contract is

fAB ¼ 0;AG ¼ 2dlc
2

dl�dh
;m ¼ kh � dhg; substituting these expressions into the

principal’s objective function obtains the principal’s expected payoff as

Pðe1
h; e

2
hÞ ¼ kh � a dh

2 �
2dlc

2

dl�dh
; for 8c2 2 ½c2; c2� the optimal contract is

fAB ¼ 0;AG ¼ 2dhdlc
2

ðdl�dhÞðkh�mÞ ;m ¼ kh �
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
g, under which the principal’s

expected payoff is:

Pðe1
h; e

2
hÞ ¼ kh � a

½ 2d2
h
dlc

2

aðdl�dhÞ�
2
3 þ d2

h

4dh
�

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
þ dh

 �
2dhdlc

2

2dh ðdl � dhÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q � :
For c2 < c2, note when c2 is small (say, close to 0), c2 is also small (i.e.,

lim
c1!0

c2 ¼ 0). In other words, when c1 is sufficiently small and c2 < c2, the

incentive problem is close to nonexistent. Thus, the principal’s expected
payoff is close to first best: "c2 < c2 and c1 small, Pðe1

h; e
2
hÞ 	 kh � a dh

4 .
(2) Principal’s payoff from motivating ðe1

l ; e
2
hÞ.

The problem reduces to a single-dimensional moral hazard problem
where the incentive problem is only present for e2 and all distributions
have a mean kl. In this case, an upper bound on the principal’s expected
payoff is obtained from a relaxed program where the only incentive

constraint stipulates that ðe1
l ; e

2
hÞ is preferred to ðe1

l ; e
2
l Þ. When c2 > c2, an

optimal information system is a corner solution at m = kl ) dh, and the

principal’s expected payoff is Pðe1
l ; e

2
hÞ ¼ kl � a dh

2 �
2dlc

2

dl�dh
. When c2 < c2, an

optimal information system is m ¼ kl �
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
, and the principal’s

expected payoff is:
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Pðe1
l ; e

2
hÞ ¼ kl � a

½ 2d2
h
dlc

2

aðdl�dhÞ�
2
3 þ d2

h

4dh
�

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q
þ dh

 �
2dhdlc

2

2dh ðdl � dhÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffi
2d2

h
dlc2

aðdl�dhÞ
3

q � :
(3) Principal’s payoff from motivating ðe1

h; e
2
l Þ.

The problem reduces to a single-dimensional moral hazard
problem where the incentive problem is only present for e1 and all distribu-
tions have 2dl as their support. Thus, by a slight adaptation of Proposition
1, the optimal information system is a conservative one with
m ¼ kh þ 2dlc

1

aðkh�klÞ, when c1 is small. In this case, the principal’s expected
payoff is

Pðe1
h; e

2
l Þ¼kh � a

ð 2dlc
1

aðkh�klÞÞ
2 þ d2

l

4dl
�

dl � 2dlc
1

aðkh�klÞ
2dl

2dlc
1

kh � kl
:

(4) Principal’s payoff from motivating ðe1
l ; e

2
l Þ.

In this case, the principal would optimally forgo all contingent
payments and by Lemma 1 set m = k1. The principal’s expected payoff is
thus Pðe1

l ; e
2
l Þ ¼ kl � a dl

4.
Now, we compare the principal’s payoff from the four effort combina-

tions when c1 is sufficiently small.
(i) Comparing P e1

h; e
2
h

� �
with P e1

l ; e
2
h

� �
.

8c2 � c2;Pðe1
h; e

2
hÞ � Pðe1

l ; e
2
hÞ ¼ kh � kl > 0; and

8c2 < c2; Pðe1
h; e

2
hÞ � Pðe1

l ; e
2
hÞ 	 kh � kl > 0: Thus, Pðe1

h; e
2
hÞ > Pðe1

l ; e
2
hÞ.

(ii) Comparing Pðe1
h; e

2
l Þ with Pðe1

l ; e
2
l Þ.

With c1 sufficiently small, Pðe1
h; e

2
l Þ > Pðe1

l ; e
2
l Þ.

(iii) Comparing Pðe1
h; e

2
hÞ with Pðe1

h; e
2
l Þ.

When c1 is small, Pðe1
h; e

2
l Þ is close to kh � a dl

4 and Pðe1
h; e

2
hÞ evaluated at

c2 = 0 is in the neighborhood of kh � a dh

4 . Hence, Pðe1
h; e

2
hÞ > Pðe1

h; e
2
l Þ, when

c2 = 0. Finally, observe that Pðe1
h; e

2
hÞ is strictly decreasing in c2 without

bound, while Pðe1
h; e

2
l Þ is independent of c2. Hence, Pðe1

h; e
2
l Þ > Pðe1

h; e
2
hÞ if

and only if c2 is above a certain threshold �c2. Q.E.D.
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