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ABSTRACT

This paper studies the incentive effects of a balanced scorecard within a
multitask agency framework under both formal and relational contracts. First,
the main characteristics of the balanced scorecard are analyzed with respect to
performance measure congruity. It is shown that under complete verifiability,
a properly designed balanced scorecard is capable of perfectly aligning the
interests of owners and employees by means of an explicit contract. I then
investigate whether subjective performance evaluation is beneficial when not
all the scorecard measures are contractible. It emerges that congruity of the
contractible scorecard measures constrains a purely implicit incentive con-
tract, but the first-best solution may still be obtained through a combination
of formal and relational contracts. Furthermore, a purely explicit contract in
most cases can be improved by incorporating subjective rewards.

1. Introduction

The last decade has witnessed the rise of nonfinancial performance mea-
sures. Since in a dynamic environment financial measures may not properly
represent a firm’s prospects, several methods have been proposed to cap-
ture the long-term effects of managerial activities. The balanced scorecard,
which is the most prominent of these new concepts, provides a framework
in which both financial and nonfinancial success measures are linked by the
the firm’s strategy.

Following Kaplan and Norton [1992, 1996], the primary objective of the
balanced scorecard is to identify, communicate, and implement strategy
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within a firm. It has been broadly accepted, however, that organizational en-
forcement requires the tying of employee compensation to scorecard mea-
sures (e.g., Kaplan and Norton [2001, p. 151]). Both Kaplan and Norton
[2001, particularly chap. 10] and Banker, Potter, and Srinivasan [2000] pro-
vide empirical evidence of this assertion, through examples of alteration
in employee behavior or the organization’s financial performance, after
remuneration had been related to nonfinancial measures.

Although the general importance of such incentive provision is hardly dis-
puted, its implementation is still a matter of controversy. Kaplan and Norton
[1996, p. 81] consider explicit, formula-based incentive plans with some
skepticism. They suspect that “.. . unintended or unexpected consequences
[could] arise from the way the targets for the measures are achieved.” In
particular, they presume that defining a personal performance score as the
weighted sum of multiple performance measures may result in extensive
payments, even if the employee has focused on only some of the objectives.
To obtain a more balanced provision of managerial effort, they propose
that incentive payments should only be granted if prespecified threshold
levels are met for a whole set of critical measures. They go on to suggest
that considering the deviations between budgeted and realized amounts,
and thereby improving the manager’s performance assessment, might be
an even more promising approach. In their estimation the results of this
assessment could provide a basis for subjective rewards (Kaplan and Norton
[2001, p. 267]).1

The present paper analyzes potential economic effects supporting the two
procedures just described. In particular, I study (1) why unintended con-
sequences could result from tying a manager’s compensation to scorecard
measures and (2) whether subjective performance evaluation is capable of
alleviating this deficiency. The first issue, once generally highlighted as “the
folly of rewarding A, while hoping for B” (Kerr [1975]), has long been
confirmed in the economics literature and has been studied extensively in a
multitask agency framework (e.g., Holmstrom and Milgrom [1991], Feltham
and Xie [1994]). By applying this model to the present topic, the question
of why the balanced scorecard should give only a distorted picture of per-
formance can be addressed. Because scorecard measures are by definition
intended to provide a balanced image of the value-generating factors, the
mere fact of performance distortion is somewhat controversial. I provide a
formal definition of scorecard balance, and compare it to the property of
congruity as defined in the multitask agency setting. It is shown that balance
is a sufficient condition for performance measure congruity, and first best
can be achieved if the agent is risk neutral. This result, however, builds on

! Alternatively, the weighting of measures could be left to the principal’s discretion. Ittner,
Larcker, and Meyer [2003] provide a field study of how weights are chosen in a major financial
services company. Contrary to Kaplan and Norton’s [1996] intention for scorecard systems,
however, they find that most of the weight is given to financial measures.
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the assumption that all scorecard measures can be used in an explicit con-
tract. Since contractibility could be in doubt for nonfinancial performance
measures, I also investigate whether incongruity of the verifiable measures
may be compensated for by using a subjective performance evaluation. To
this purpose, I adapt the model of relational contracts proposed by Baker,
Gibbons, and Murphy [1994] to the multitask agency setting. I extend their
work by considering multidimensional performance measures for which the
design of an aggregate performance score becomes part of the contracting
issue. Although this modification considerably changes the results of the
model, it shows that subjective rewards are not always credible.

My findings have significant implications for the use of a balanced score-
card for incentive purposes. First, the analogy between balance and con-
gruity emphasizes the role of the firm’s strategy with regard to incentive
purposes. Only if the strategy is properly reflected by the scorecard mea-
sures may an alignment of interests be achieved. Perfect alignment, how-
ever, requires either that all scorecard measures can be used in an explicit
contract or that the principal’s discount rate is not too high, so that a
relational contract can be applied. This contradicts Kaplan and Norton’s
[1996] postulate of subjective rewards, and poses a challenge to the align-
ment of interests in cases where the balanced scorecard is not entirely
contractible.

The balance of performance measures has already been studied in ac-
counting research related to agency theory. Datar, Kulp, and Lambert [2001 ]
show that a performance measure with high sensitivity is not necessarily as-
signed a high weight by the optimal contract, even ifitis perfectly congruent
with the firm’s outcome. Properties of the balanced scorecard are also con-
sidered by Dikolli and Kulp [2002], who consider an incentive contract
based on multiple, interrelated measures. Smith [2002] studies the weight
put on a nonfinancial performance measure in an incentive contract if the
agentis able to shift credit between financial and nonfinancial performance.
Dikolli [2001] analyzes strategic performance measures with respect to the
agent’s employment horizon. In his quasi-two-period model, a nonfinancial
performance measure becomes valuable as a leading indicator of future fi-
nancial success because the principal and agent discount future success at
different rates.

All of these papers focus on the tradeoff between risk and congruity.
In Dikolli’s [2001] model, for example, under risk neutrality the agent’s
discount factor (if different from zero) is readily adjusted to the principal’s
objective. Risk considerations make the nonfinancial performance measure
a valuable tool, even if principal and agent discount at an equal rate.

The present paper abstracts from risk-sharing issues in order to work
out another aspect, namely, the interplay of verifiable and nonverifiable
performance measures in the case of relational contracts. Since in this
respect the paper refers to the analysis of Baker, Gibbons, and Murphy
[1994], it is straightforward to use the same set of basic assumptions in
order to delineate clearly the central results of the paper. Like most of
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the papers on relational contracts, Baker, Gibbons, and Murphy [1994] as-
sume that both parties are risk neutral.? Under risk neutrality, the prop-
erties of the balanced scorecard are more clearly analyzed with respect
to the alignment of interests. Moreover, verifiability as a further charac-
teristic of performance measures can be incorporated by extending the
analysis to a multiperiod setting, which is the main focus of my analysis.
Since in this regard the paper extends and challenges the analysis of Baker,
Gibbons, and Murphy [1994] it contributes not only to the literature on
strategic performance measurement, but also to that regarding relational
contracts.

The remainder of this paper is structured as follows: Section 2 describes
the one-period agency framework in which the first research question is
analyzed. In section 3, the balanced scorecard is analyzed with regard to
performance measure congruity. Section 4 provides a multiperiod exten-
sion of the initial agency model and studies the use of subjective rewards.
Section 5 concludes and discusses directions for further research. All proofs
are given in the appendix.

2. One-Period Framework

As a starting point, consider a situation where a principal hires an agent
to perform a certain set of tasks once on his behalf. The agent’s activity
a € R” has multiple aspects and cannot be legally enforced. It includes not
only actions that have immediate financial consequences, but also activi-
ties that mainly affect future cash flow in the long term. The principal’s
objective is to maximize a certain value V net of wage payments. V is as-
sumed to be alinear function V(a) = d'a of the agent’s action a, where d =
(di,...,d,)" is the vector of each activity’s marginal product. To introduce
the problem of distorted performance measurement, V is assumed to be not
contractible.

Since neither a nor the principal’s objective V can be contracted on,
the principal has to apply some other performance measure for incentive
compensation. When describing the balanced scorecard, the set of mea-
sures P = (Pq,...,P,) is assumed to be multidimensional. Some measures
represent the current period’s profit, while others are leading indicators
of future profits. Each measure may be influenced by each of the agent’s
actions. Under the assumption of constant marginal products, P; is defined
as Pi(ay,...,ay, €;) =yj;a+ €;, with marginal products y; = (y1,..., )’
and a noise term €; ~ N(0, 037). Following the terminology of Banker and

2 Pearce and Stacchetti [1998] study relational contracts with a risk-averse agent. Contrary
to the present paper, they take the principal’s gross profit to be contractible, which allows
them to concentrate on risk-sharing issues. Without this assumption, the tradeoff of precision,
credibility, and congruity has to be considered. I concentrate on the last two points, designating
the analysis of a risk-averse manager to future research.
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Datar [1989], I refer to yj;; as the sensitivity of performance measure j to
action ¢. Summarizing these relations, the performance measures are de-
scribed by P =Y'a + ¢, where Y = (yy,...,yu) is the (n X m) matrix of the

sensitivities and € = (€q,...,€,,)  is the vector of noise terms. Based on P,
the principal offers a linear incentive contract S = s; + P’s in which s, is a
fixed salary, and s = (s1,...s,)" is the vector of compensation parameters

defining performance-related payments.

By choosing a, the agent incurs a private cost C(a). For computational
convenience, I assume C to be of the form C(a) = %a’a (cf. Ttoh [1991],
Feltham and Xie [1994], Baker [2000]).% To focus on the implications of
performance measure congruity, both principal and agent are assumed to
be risk neutral.* Thus, the agent’s utility under compensation S and ac-
tion choice a is given by U4(S,a) = S — C(a), and his reservation utility is
denoted by UX.

The principal’s contracting problem in this model is identical to that
analyzed by Feltham and Xie [1994], except for the agent’s risk neutrality.
By choosing the contract parameters sy, ..., s, the principal maximizes the
expected total surplus V(a) — C(a), subject to the the incentive compatibility
constraint a = Y’s, which is the first-order condition of the agent’s action
choice problem. The optimal contract parameters are given by Feltham and
Xie [1994, p. 433]:

s = (YY)"'yd, (1)

resulting in a second-best effort a’ = Ys? and total profit
1
n’ =1’ = §d’Y(Y/Y)_1Y’d. (2)

Total profit is identical to (y°)'y"/2, where y° = Ys' is the sensitivity of the
aggregate performance measure P’ = Ps’. Among all possible aggregates
Ps, y' describes that measure that is “closest” to V. This closeness has been
referred to as the congruity of a performance measure, and several metrics of
congruity have been suggested (Feltham and Xie [1994], Feltham and Wu
[2000], Datar, Kulp, and Lambert [2001]). I refer to Baker [2000, 2002],
who proposes the cosine of d and y as a metric of congruity for a single
performance measure with sensitivitiesy. Arelated index is derived by simply
comparing the second-best total surplus, equation (2), to the total surplus

% More generally, one can consider C to have the quadratic form a’Ca, which accounts for
potential complementarities or substitutabilities, as studied by Dikolli and Kulp [2002]. The
resulting effects, however, can also be captured by a redefinition of tasks resulting in modified
marginal products d.

* Of course, assuming a risk-neutral agent provokes the standard argument of selling the
firm to the manager. I rule out this alternative because V does not necessarily need to be the
value of the firm as a whole, but may also represent the manager’s contribution to firm value,
which cannot be separated from the remaining assets and sold to the manager.
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s = %d/d (see Feltham and Xie [1994, p. 433]) under first-best conditions.
Relating I1(s%) to M5, congruity can be defined as
e’  dYYY)'vyd dy°
s dd T dad’ )
The congruity index ¢ (d, Y) is known as the Rayleigh quotient (cf. John-
son, Riess, and Arnold [1993, p. 433]). It is identical to the squared cosine
of the angle between d and y°. It generalizes Baker’s [2000, 2002] measure
to multiple performance measures, and by squaring scales it to the unit
interval. Moreover, from equation (3), it is apparent that the second-best
total profit [1(s”) = ¢T1/% is a linear function of the congruity. This greatly
facilitates the notation of the multiperiod model analyzed in section 4.

¢(d,Y) =

3. Properties of the Balanced Scorecard

So far, I have not considered any specific properties of strategic perfor-
mance measurement systems. For the balanced scorecard, however, Kaplan
and Norton [1992] propose a specific structure of measures: four “perspec-
tives” in which particular properties of measures can be derived from the
firm’s strategy. For my purposes, the most interesting of these properties is
the attribute “balanced.” This is described by Kaplan and Norton [1992,
p- 73] as follows: “By forcing senior managers to consider all the impor-
tant operational measures together, the balanced scorecard lets them see
whether improvement in one area may have been achieved at the expense
of another.” The logic behind this statement is that the firm’s strategy links
all the different perspectives and their measures, thereby eventually char-
acterizing the firm’s long-term objective. By this means actions that are not
value-adding, but improve the measured performance, can be ruled out.

To analyze the economic consequences of balance in the present agency
framework, I define it as a property that ensures that no actions exist that
affect only one performance measure without also affecting V:

DEFINITION (BALANCE). A system P = Ya 4 € of performance measures is
balanced with respect to an objective V = d'a if each variation o of a which changes
one performance measure affects at least one other measure or the principal’s objective:
da=0Ayja=0Vje{l,...,m}\{k} = yra=0.

With this property, the scorecard cannot indicate an overall improvement if
the firm’s objective is not affected. For incentive purposes, this implies that
under a properly designed incentive contract, a manager should not be able
to game his performance score, thatis, he cannot enhance his remuneration
without simultaneously affecting the principal’s objective V.

Using this definition, balance should be obtainable by simply keeping
track of all numbers that might affect the firm’s objective. However, the
resulting system of performance measures is hardly manageable for either
decision making or incentive contracting. Therefore, another postulate is
that the balanced scorecard should be restrained to a minimal number of
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relevant measures. Only these stralegic measures (in contrast to diagnostic
measures, which are only used to detect potential malfunctions) ought to be
used for strategic planning and control. With regard to the present model, a
minimum requirement for this property is that no measure’s effort impact,
nya, can be derived from other measures, that is, the vectors of marginal
products have to be linearly independent:?

DEFINITION (MINIMALITY). A system P of performance measures is minimal if
the matrix Y has full rank m.

An immediate consequence of minimality is that the number, m, of perfor-
mance measures must not exceed the number, n, of actions taken by the
agent. Furthermore, for m = n the first-best solution can be obtained be-
cause in this case the scorecard is capable of inducing any effort profile the
principal desires. In general, it seems realistic to assume that m < n and
therefore the first-best effort in general cannot be induced. However, since
the balanced scorecard is designed to provide a balanced picture of the
firm’s long-term objectives, it seems plausible that its measures may never-
theless be capable of inducing the first-best effort levels. Using the formal
definition of balance, the following conjecture can be proved:

PROPOSITION 1. Let P be balanced with respect to the principal’s objective V.
Then the following statements hold:

(i)  The first-best solution can be achieved by a linear contract based on P.
(i1) If P is also minimal, all measures have nonzero value in the optimal contract.

Proposition 1 shows how the proposed properties of a balanced scorecard
are related to performance measure congruity. Balance is sufficient for the
implementation of first-best effort levels, whereas minimality additionally
guarantees that no measure is superfluous for contracting. First best is ob-
tained by representing the firm’s objective V by the scorecard measures.
This is always possible if the scorecard is balanced.

Thus, as a first implication, I find no theoretical justification for Kaplan
and Norton’s [1996] concern that formula-based contracts may provide dis-
torted incentives. While such contracts permit “substantial incentive com-
pensation to be paid if the business unit overachieves on a few objectives
even if it falls short on others” (Kaplan and Norton [1996, p. 82]), discrep-
ancies of pay and performance only occur by chance, not as a result of effort
misallocation—provided an optimal contract is applied and based on a bal-
anced scorecard. Consequently, in order to find support for their assertion,
the assumptions of the previous model have to be scrutinized. The following
section studies conditions under which their objection might prevail, and
provides resources to overcome the resulting problems.

% This condition also justifies the formal derivation of the second-best contract in equa-
tion (1), where I assumed that Y'Y is invertible. A sufficient condition for this is that Y has full
rank (See Berck and Sydsaeter [1993, p. 107]).
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4. The Use of Subjective Rewards under a Balanced Scorecard

4.1 VERIFIABILITY OF PERFORMANCE MEASURES IN EXPLICIT CONTRACTS

Part (ii) of Proposition 1 makes it clear that every measure of a minimal
and balanced scorecard is needed to induce the desired effort levels. This
becomes important if we relax the assumption that all measures can be used
in an explicit incentive contract. A necessary condition for such contracts
to be applicable is that the respective performance information is not only
observable to the contracting parties, but can also be verified by an outside
arbiter, such as a court, to prevent the principal from refusing the wage
payment ex post.

For financial performance measures, verifiability is ensured by account-
ing standards. Nonfinancial measures lack such legal foundations and thus
from the outset cannot be assumed to be contractible. Admittedly, strate-
gic performance measurement requires substantiating corporate goals by
quantifiable measures. Even if the particular measures are defined pre-
cisely, however, they are often based on procedures such as customer or
employee surveys that are not regulated by law as financial transactions are.
For example, a study quoted by Kaplan and Norton [2001, p. 254] finds
that companies using the balanced scorecard for incentive purposes expe-
rienced particular difficulties in quantifying measures based on the customer
and learning and growth perspectives. Such measures also varied significantly
across the companies. It therefore seems plausible that at least some of the
nonfinancial measures in P cannot explicitly be contracted on. This is an
important limitation of contracting, because according to Proposition 1 (ii)
the optimal contract puts nonzero weight on each performance measure of
a balanced scorecard. Thus, if not all scorecard measures can be included
in the contract, the remaining measures will not be perfectly congruent:

COROLLARY 1. Let the performance measurement system P be minimal and bal-
anced. If not all measures of P are verifiable, the first-best effort cannot be induced by
an explicit contract.

Apart from this qualitative result, Proposition 1 (ii) also implies that each
measure of a balanced and minimal scorecard has a positive impact on
congruity, which is therefore strictly increasing in the number of verifiable
measures. The precise impact of each measure on congruity, however, may
vary in size and may even depend on which other measures are verifiable.
Thus, while profit is a linear function of congruity, congruity in general is
not linear in the number of verifiable performance measures.

Regardless of the extent of the resulting losses, the general question aris-
ing from the deficiency of a partly subjective scorecard is whether the nonver-
ifiable part of the information can be used for incentive purposes in a differ-
ent way. Kaplan and Norton [1996, p. 82] argue that by carefully discussing
the balanced scorecard results with the manager, additional information on
the drivers of performance can be obtained. Since such a dialogue rarely
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results in verifiable data, however, they propose the use of discretionary
rewards.®

In the economics literature, subjective rewards have mainly been stud-
ied as an example of relational contracts. These “informal agreements and
unwritten codes of conduct” (Baker, Gibbons, and Murphy [2002]) can be
based on outcomes that are observed ex post by the contracting parties
alone. At the same time, they have to be self-enforcing: It must be in the
parties’ bestinterest to keep the agreement. Since in a one-shot relationship
the principal always gains from refusing any voluntary payment, relational
contracts are usually analyzed in a dynamic setting where the two parties
repeatedly enter into a contract.” The next section applies this framework
to analyze how subjective rewards can be used to improve a formal contract.

4.2 SUBJECTIVE PERFORMANCE EVALUATION IN A MULTIPERIOD AGENCY

The following analysis is related to Baker, Gibbons, and Murphy [1994],
who apply Bull’s [1987] model of an infinitely repeated agency relationship
to the question of how formal and relational contracts can optimally be
combined. In their model, the subjective assessment of firm value is com-
plemented by a verifiable performance measure, the marginal product of
which is privately observed by the agent after contracting. For both measures,
a payment is determined ex ante: an enforceable, formal contract for the
verifiable, yet distorted measure, and a relational contract for the nonveri-
fiable, subjective evaluation. Under the assumption that both parties apply
Grim-trigger strategies in the repeated game,® the latter is self-enforcing if
the principal’s future benefits from an ongoing relational contract exceed
the amount he could save by once refusing the payment of the implicit
contract.

6 As evidence of this practice, Global Financial Services replaced its formula-based bonus
system by a system that also contains qualitative evaluations (Ittner, Larcker, and Meyer [2003,
726f.]1). Beyond this example, the empirical study of Gibbs et al. [2004, p. 429] supports that
in departments with complex tasks, subjective bonuses are used to mitigate distortions caused
by objective performance measures that are incomplete, short-term focussed, or susceptible
to manipulation. More generally, Hayes and Schaefer [2000] find empirical evidence that
firms use discretionary rewards if observable measures are less predictive for future returns.
This confirms findings by Bushman, Indjejikian, and Smith [1996, p. 189] that individual
performance evaluation increases with the length of product development and product life
cycle.

7 There are only a few articles that analyze the use of subjective performance evaluation
in a static setting. In this environment, credibility can be achieved by involvement of a third
party (MacLeod [2003]) or by the use of bonus pools (Baiman and Rajan [1995], Rajan and
Reichelstein [2006]).

8 Roughly speaking, this is the case if both parties employ cooperative strategies as long as
no party has defected, but never forgive a party once it has defected. As can be deduced from
the analysis of Abreu [1988], this assumption can be made without loss of generality for the
following results.
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Consequently, the credibility of subjective rewards depends critically on
the principal’s fallback position after a potential defection. If the latter is
a formal contract, the surplus from this contract determines the credibility
of the bonus payment. Baker, Gibbons, and Murphy [1994] show that a
sufficiently congruent objective performance measure can completely rule
out the use of a subjective performance evaluation. This suggests that in
the present model a high congruity of the verifiable performance measures
could hinder subjective rewards, eventually precluding first-best if not all
scorecard measures are verifiable.

To prove this conjecture, I translate the analysis of Baker, Gibbons, and
Murphy [1994] to the multitask model with multiple performance measures.
To this purpose, I assume that the one-shot game of section 2 is repeated
infinitely often. The verifiable performance indicators are used in a formal
contract, whereas the entire scorecard can be applied in a relational con-
tract. To account for Kaplan and Norton’s [1996, p. 82] proposal of using
threshold levels in compensation agreements, the latter is assumed to be a
bonus contract.? If the scorecard is balanced, by Proposition 1 this bonus
contract can be based on a performance score that is perfectly congruent
to the principal’s objective, as is assumed by Baker, Gibbons, and Murphy
[1994]. While the nonverifiable firm value in the analysis of Baker, Gibbons,
and Murphy [1994] is either one or zero, in this work it can take on arbitrary
values in R. The relational contract in the present model therefore has to fix
not only the bonus payment, but also a threshold of performance for which
it is due. The agent’s probability of receiving the bonus depends on this
level as well as on the distribution of the performance score. Consequently,
the credibility of a bonus payment is also subject to the precision of the
performance measure.

Since the focus of the present analysis is on performance measure con-
gruity rather than precision, I henceforth analyze the benchmark case in
which the principal attains unverifiable, precise information on the agent’s
impact, P; =ya, on each performance measure F;. This is an extreme in-
terpretatlon of Kaplan’s and Norton’s [1996] opinion that a discussion of
the scorecard results provides an improved understanding of the manager’s
performance. It turns out that even in this optimistic scenario, the first-best
solution is not always achievable. The consequences of noisy performance
measurement are discussed shortly, in subsection 4.4.

4.3 THE USE OF SUBJECTIVE REWARDS UNDER PRECISE
PERFORMANCE EVALUATION

If a perfectly congruent and precise system of performance measures is
available, the value added V is de facto observable. Without loss of generality,

9 Of course, a linear contract can be considered instead. This, however, reduces the credi-
bility of the relational contract. I comment on this issue when I compare my results to that of
Baker, Gibbons, and Murphy [1994].
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it can therefore be assumed that a relational contract can be based on V.
A formal contract, in contrast, can only be written on the verifiable part of
the scorecard. To distinguish the set of /({ < m) verifiable measures from
the whole set, P, of scorecard measures, I denote them by P,. The verifiable
measures can be described by the (n x [) matrix Y, of sensitivities and
the vector €, of noise terms. According to the analysis of section 2, the
second-best formal contract is based on an aggregate performance score
¥’ =Y, (Y,Y,)"'Y,d, resulting in a total profit of T1° = (y°)'y"/2 = ¢I1/E,
where for notational convenience the congruity ¢ (d, Y,) is simply denoted
by ¢. In the following analysis, ¢ is critical to the principal’s fallback position
after a potential defection, which can be either a purely explicit contract or
no production at all. A purely explicit contract is beneficial to the principal
if his net utility, U’ = ¢TI — UX, from that contract is nonnegative, that is,

b= k= (4)
- [1fB

The congruity ¢ also determines the effectiveness of a formal contract
when used in combination with subjective rewards. To distinguish the two
effects, I first derive conditions under which the first-best solution can be
obtained by purely subjective rewards. Subsequently, it is shown that first
best can also be implemented by a combination of subjective rewards and a
formal contract. Finally, I examine how such a hybrid contract can be used
even if the first-best solution cannot be obtained.

Using V as a performance score, first best can be implemented by simply
prescribing the first-best gross profit V% = d'a’® and a bonus payment, B,
to be paid if the realized profit accords to that target. The least costly way
for the agent to meet this target is to choose the first-best effort a’® = d. To
prevent the agent from not working at all, the bonus payment at least has
to compensate him for the resulting cost of effort, that is,

. 1 _
B> C(a™®) = §d’d = B. (5)

To keep the relational contract credible, the bonus payment, B, should
be kept to a minimum. Therefore, B = B, and an additional salary is re-
quired to provide the agent’s reservation utility. Thus in total, the principal
offers a contract, S = s + B, in which sy = U% and the bonus, B = B, is
promised for V > VB The principal’s net profit from this contract is U2 =
s — yk,

Unfortunately, this contract need not be credible. Since the bonus is based
on nonverifiable data, the principal ex post could refuse to pay. To prevent
him from doing so, the payable bonus B must not exceed the net present
value of the benefits the principal realizes under an ongoing contract. This
benefit depends on the principal’s fallback position. It can be calculated
by comparing the principal’s utility U*® derived from an ongoing first-best
relational contract to either his utility U from a purely explicit contract or
his utility O if he ceases production. Its net present value under a discount
rate r is Ztoil[UfB — U (14 r)"t = [IT"® — 111/ for a formal contract
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and Y 0, UB(1+r)~' = [T - UR]/r_ for ceasing production. Compar-
ing these values to the payable bonus B provides a threshold level of the
principal’s discount rate for the first-best solution to be implementable:

PROPOSITION 2. The first-best solution can be obtained by subjective rewards based
on a balanced scorecard if the principal’s discount rate is smaller than a threshold
level

(6)

- {1 ¢ if 929
l—9¢ if ¢<¢.
Proposition 2 is consistent with the results of Baker, Gibbons, and Murphy
[1994]. It shows that in the case of a valuable formal contract (¢ > @), a high
congruity of the verifiable performance measures constricts a purely rela-
tional contract by improving the principal’s periodical profit U = ¢IT'% —
U™ after a potential defection. This diminishes the principal’s future ben-
efits from the relational contract, which in turn reduces the rate by which
this benefit may be discounted. If the congruity exceeds a critical level,
¢=1—r,the principal cannot credibly promise to pay the required bonus
because his fallback position is too good.

In the case that a purely explicit contract is not valuable (¢ < $), the
feasibility of the first-best solution depends on the agent’s reservation utility
UR = &HFB instead of [1° = ¢ I1*2. In the critical discount rate, ¢ is therefore
replaced by its threshold level (/5 for which the explicit contract becomes
valuable. Thus, in this case, credibility is independent of congruity.

In both cases, a sufficiently impatient principal cannot credibly promise
to compensate the agent only by a bonus payment because the bonus is
too high. An obvious question is whether first best can still be obtained
if subjective rewards are complemented by an explicit contract, thereby
reducing the voluntary payment. Under such a hybrid contract, the agent’s
total compensation would take the form S = s; + B + Ps. B again denotes
the voluntary bonus payment that is due if a certain performance target is
realized, and s is the vector of contract parameters determining the agent’s
share of the verifiable performance measures P,,. Obviously, if the target is
defined by means of the principal’s objective V, the first-best effort cannotbe
induced. The agent strives for the bonus as well as for the payment from the
formal contract. His optimal effort is thus a mixture of the first-best action
and the one resulting from a purely formal contract. Since the latter by
assumption cannot induce the first-best effort, the action inevitably departs
from the desired profile.

Since contrary to the model of Baker, Gibbons, and Murphy [1994] sub-
jective rewards can be based not only on V as a whole, but also on only a
subset of the scorecard measures, explicit incentives can be complemented
by subjective rewards in a way that implements the overall first-best action.
To this purpose, the relational contract has to be based on a performance
index comprised of all the desired effects of the agent’s action that are not
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covered by verifiable scorecard measures. This index is denoted Ps, where
s is chosen to ensure that the agent chooses the first-best effort, d. The ex-
istence of such contract parameters is guaranteed by the balance property.
Compared with a purely relational contract, the required bonus payment is
reduced, and first best can be implemented for a wider range of discount
rates:

PROPOSITION 3.  The first-best solution is obtained by a hybrid contract based on
a balanced scovecard if the principal’s discount rate is smaller than a threshold level

Y
P=y1-4 ™
=g T 9<b

The proof of Proposition 3 shows that the optimal hybrid contract for the
first-best action includes a formal contract identical to the one applied with-
out subjective rewards. Thus, if the agent abandons the bonus, he chooses
the second-best effort profile, a’ = y°, which—as the analysis of section 2
shows—is closest to the first-best effort, d, which is sought to be induced. By
this means, the effort cost that has to be covered by the relational contract
is kept to a minimum.

Proposition 3 is in stark contrast to the results of Baker, Gibbons, and
Murphy [1994] because it shows that under a hybrid contract, congruity
of the verifiable measures does not constrain the use of subjective rewards,
even if the principal’s fallback position is a formal contract. This new re-
sult is due to the fact that subjective rewards in the present model are not
necessarily based on the principal’s objective, V, in contrast to the model
of Baker, Gibbons, and Murphy [1994]. By restricting subjective rewards to
that portion of the first-best action profile that cannot be induced by the
explicit contract, the relational contract only has to compensate the cost
of the additional effort a’® — 2 = d — y°. This amount can be expressed
in terms of congruity, because ¢ measures how well y° matches d. Since a
fraction ¢ of first-best incentives is already provided by the formal contract,
the required bonus given in Proposition 2 is reduced by the factor 1 — ¢
compared to a purely subjective reward. The critical discount rate thus in-
creases by the factor 1/(1 — ¢), which is exactly reflected by equation (7),
as opposed to equation (6). This comparison also demonstrates the differ-
ent role that congruity plays in the contract types of Propositions 2 and 3:
While the critical discount rate, 7, for a purely relational contract depends
on congruity only if the principal’s fallback position is a formal contract, it
now varies in ¢ if that contract is not valuable.

The differences between the hybrid contract and a purely relational con-
tract can be clarified by the following example:!*

10 For ease of exposition, this example assumes that the number of performance measures
equals the number of activities.
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EXAMPLE. Assume n=m = 2withd=(1,1) and Y = (? (1)). By the full
rank of Y, the system P of performance measures is minimal and balanced.
If all measures were contractible, the first-best action d could be obtained
by a pure formal contract S = sy + Ps with s = (1/2, 1/2), rendering a total
profit of [T"? = 1. Now assume that Py is not contractible. The optimal pure
explicit contract based on P; takes the form S0 = sy + Pisy with s = 3/5,
resulting in an action a° =y = (6/5, 3/5). The total profit is [1° = 9/10,
and the congruity is ¢ = 9/10.

The first-best action might be induced by a pure relational contract. The
required bonus equals the agent’s cost of effort C(a’®) = 1, which is cred-
ible for discount rates r < 1 — ¢ = 0.1. If subjective rewards are accom-
plished by a formal contract, the bonus is dramatically reduced. The op-
timal hybrid contract consists of the second-best formal contract S° and a
bonus for achieving a target of 1/5 for the subjective performance index
Ps = —(1/10) P, + (1/2) P», which reflects the gap d — y° between the first-
best and the second-best action. Waiving the bonus, the agent would choose
a’, realizing an expected payment of sy +9/5and incurring a costof C @) =
9/10. If he chooses a'®, his expected payment is s; + B + 9/5 and his cost
of effort is C(a’®) = 1. To induce the first-best effort, the bonus therefore
has to be C(a’™®) — C(a’) = 1/10, which is credible for r < 1. (|

This example is illustrated in figure 1.

a9
FB __
1+ a=d Y1
¥2 o
1
bR
b 0
g
‘.,.,--’ a
i | |
| | LIS
1 2

FIG. 1.—Actions resulting from formal and relational contracts. A pure formal contract
induces the action a” = y°. To induce the first-best action a’® = d by a hybrid contract, the
relational contract has to incentivize the gap a’® — a” (the dotted line). If the relational contract
is based only on Py, it has to close a larger gap, a’® — a (the dashed line).
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The action a” resulting from the formal contract minimizes the required

bonus payment C(af®) — C(a"). To that purpose, the level a‘l’ = 6/b of the
first action has to exceed its first-best level of 1. In order to adjust this, the
subjective performance index also has to incorporate the verifiable perfor-
mance measure P!. This is counterintuitive because incentives based on P,
can also be provided by a formal contract. What matters, however, is not the
single performance measure, but its optimal combination in both parts of
the contract. If the relational contract is entirely based on Po, first best can
only be obtained by a formal contract S = s; + P1/2 and a target of 1/2
for the subjective performance index P». Since the actiona = (1, 1/2) from
the formal contract differs from d more than a° does, the required bonus
increases to 1/8.

For r > max{1, (1 — (]3)/(1 — ¢)}, even a hybrid contract cannot credibly
provide incentives for the first-best effort. However, a hybrid contract may
still provide a better solution than a purely explicit contract. In this regard,
the question arises whether the properties of the combined contract remain
valid. Furthermore, it is of interest to determine the level of congruity for
which the hybrid contract is credible. Since the answers to these questions
are interrelated, they are combined into the following proposition:

PROPOSITION 4.  The optimal hybrid contract based on a balanced scorecard has
the following properties:

(i) The explicit contract is identical to the optimal pure explicit contract.
(it) The induced action is a convex combination of the first-best action and the
action induced by a pure explicit contract.
(ite) A credible hybrid contract exists if the principal’s discount rate is smaller than
a threshold level

o if ¢=¢

b . 8
i ¢ <d. ®

r=11-—¢
¢—9

The first part of the proposition is intuitively derived from the previous
results. Asin the analysis of the first-best situation of Proposition 3, the formal
contract is identical to the one offered without subjective rewards. This
minimizes the bonus necessary to achieve a certain target of the principal’s
objective V. Since due to the lack of credibility the first-best effort cannot
be induced, the principal aims to approximate this solution as closely as
possible. Building on the explicit contract, this is best done by offering
subjective rewards for the same performance measure as in the first-best
hybrid contract, but with a less ambitious target. The relational contract
then provides inducement for as much of the gap d — y° to the first-best
action as can credibly be rewarded by a voluntary payment.

When credibility becomes important, effort is therefore continuously
shifted from its first-best allocation to the second-best allocation under a
purely explicit contract. This adjustment also reduces the bonus required
to make the agent accept the implicit part of the contract. Since the bonus
only has to compensate the agent for effort in excess of that induced by the
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explicit contract, it can become arbitrarily small for the convex combination
described here. A small bonus is always credible, however, as long as the prin-
cipalis not infinitely impatient. If a purely formal contract is beneficial, then
a hybrid contract must be valuable. If a formal contract on its own is not prof-
itable for the principal, however, a small bonus may not suffice to facilitate
the combined contract. To this end, the difference U® — I1° = (¢ — ¢) /2
between the necessary total profit U and the profit I1° from a pure for-
mal contract has to be covered by subjective rewards. The bonus can only
be reduced to a fraction, ¢ — ¢, of that required in the case of a purely
subjective reward, as studied in Proposition 2. Consequently, there exists a
critical discount rate up to which the contract is credible. Compared to a
purely subjective reward, this threshold is increased by a factor 1/ (¢ — o),
as reflected in equation (8), which may be contrasted to equation (6).

EXAMPLE—CONT. Assume that in the above example the principal’s dis-
count rate is r = 2. If, for example, U = $ =3/5 < ¢ =9/10, the prin-
cipal’s fallback position is a formal contract. The optimal hybrid contract
combines the explicit contract S° with a target of 2/15 for the subjective
performance index Ps, 2/3 of the target for first best. The agent’s action is
a’ +2/3(d — a’) = (16/15, 13/15). The payable bonus 4/90 is (2/3)% = 4/9
of the bonus required for the first-best effort, whereas the benefit 8/90 from
the hybrid contract is 8/9 of its amount under the first-best action. Thus,
the voluntary payment is credible for a discount rate twice as high as the
threshold r = 1 for first best.

If, on the other hand, we take UR =39/40 > ¢, a purely explicit contract
is not valuable. Compared with the first situation, the profit generated by
subjective rewards first has to cover the difference, 39/40 — 9/10 = 3/40,
between I1° and UR. Beyond this the above contract renders a benefit of only
8/90 — 3/40 = 5/360, the relational contract being credible for r < 5/16.
Even a contract modification does not generate a credible hybrid contract.
The best the principal can do is to combine the formal contract with a target
of 3/40 for the subjective performance index, inducing an action a° + 3/4
(d — a% = (21/20, 18/20). The payable bonus is 9/160, and the benefit
from the contract is 3/160. This contract is credible for r < 1/3. t

Regarding the quality of the verifiable performance measures, the re-
quired bonus decreases with the congruity ¢ of verifiable performance
measures. If the principal’s fallback position is a formal contract, this ef-
fect exactly outweighs the improvement of the principal’s fallback position,
and the existence of a hybrid contract is independent of the congruity ¢.
If a pure formal contract is not profitable, congruity enhances welfare be-
cause it no longer improves the fallback position. As in the analysis of Baker,
Gibbons, and Murphy [1994], subjective rewards may then create a valuable
combination with explicit incentives even though the latter are not bene-
ficial on their own. For this to be the case, the congruity has to exceed a
certain threshold ((14 )¢ — 1)/r, which is positive if r > (1 — ) /¢ = .
For r < 7, a credible hybrid contract exists for each level of congruity. For
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FIG. 2.—Contract type under different combinations of the principal’s discount rate r and
the congruity ¢ of the verifiable performance measures. The critical congruity é for which
a pure formal contract becomes valuable is assumed to be 0.6. The dotted line indicates the
maximum level 1 of congruity. The solid curves delimit the sectors for which the indicated
contract types are optimal.

higher values of r, the critical level of congruity increases and approaches
¢ for an infinitely impatient principal.

The results of Propositions 2 to 4 are illustrated in figure 2.

If the principal is rather patient, first best can be achieved for any con-
gruity ¢ of the verifiable performance measures. If the principal’s discount
rate is above 1 — ¢, first best can only be obtained if the congruity is high
enough. If this is not the case, a second-best hybrid contract results as long
as r < (1 — ¢)/¢. If the principal’s discount exceeds that level, there may
be no contract, a second-best or a first-best hybrid contract. First best can
no longer be achieved only if r > 1.

This variety of scenarios raises the question of how the principal’s profit is
governed by the congruity of the verifiable scorecard measures. Despite the
apparent differences in the type of contract, the answer is unambiguous:

PROPOSITION b.  The principal’s net profit is nondecreasing in ¢ for all levels of
the principal’s discount rate.
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Proposition 5 partially contradicts the findings of Baker, Gibbons, and
Murphy [1994]. While in their analysis a less distorted verifiable perfor-
mance measure is only beneficial if a pure formal contract is not valuable,
congruity in the present model also improves contracting if the principal’s
fallback position is a formal contract. The difference in these results can
be attributed to the more elaborate relational contract assumed in this pa-
per. This can be illustrated by the first-best solution: While in the model
of Baker, Gibbons, and Murphy [1994] first best can only be induced by a
purely relational contract, which requires a bonus rate of b = 1 regardless
of the distortion in verifiable performance measures, the required bonus in
the present model decreases with the congruity of the verifiable measures.
A higher bonus payment makes the agreement less credible, eventually pre-
cluding the possibility of implicit incentives.

There are two reasons for this difference in the bonuses. The first is
the multiplicity of measures used in the relational contract of this pa-
per. In this regard, improvements to the contract in Baker, Gibbons, and
Murphy [1994] require the bonus payment to be tied not only to V, but
rather to a combination of V and the verifiable measure P. The second
reason is the type of relational contract. Since in Baker, Gibbons, and
Murphy [1994] the agent’s effort is identical to the probability of achiev-
ing the targeted profit, the expected bonus payment is de facto a linear
function of effort and thus corresponds to a linear relational contract in
the present multitask setting. A payment B = f’s, however, will be double
that required for the bonus contract. This is due to the fact that equat-
ing marginal cost and marginal compensation under a linear contract in-
evitably leads to an overcompensation of effort cost by the performance-
related payment. For a formal contract, the overcompensation can be bal-
anced by a negative base salary. With regard to the credibility of a re-
lational contract, however, such an adjustment is pointless because only
the amount of the variable payment matters. Consequently, a linear rela-
tional contract is always less credible than the bonus scheme applied in this

paper.

4.4 THE USE OF SUBJECTIVE REWARDS UNDER NOISY
PERFORMANCE EVALUATION

In the preceding analysis the principal can offer a forcing relational con-
tract because all performance measures are assessed without noise. If a re-
lational contract is based on a noisy performance index, however, a forcing
contract is not feasible because the performance targets are met only with
a certain probability. Even if the agent chooses his effort according to the
agreement, it is not certain that he will receive the bonus. On the other
hand, he may be rewarded even though he has not provided the required
effort. When choosing his action, he therefore trades off his cost of effort
against the expected bonus payment.
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This reaction significantly changes the size of the required bonus. If the
agent’s action choice can be characterized by first-order conditions,!! then
the bonus is determined by the agent’s marginal cost and the performance
measure’s sensitivity to the agent’s choice of action (Demougin and Fluet
[1998, p. 627]). For normally distributed performance measures, the latter
is determined by the variance of the applied performance index. Conse-
quently, in general, the bonus required under a noisy performance eval-
uation is a function of the performance measure’s congruity and also its
precision.

I do not analyze this issue in detail here. Based on the above considera-
tions, however, its main consequences may be projected. A generalization
of Proposition 2 concerning the use of a purely relational contract should
be straightforward. Intuitively, the critical discount rate under noisy per-
formance measurement depends on both the congruity and the precision
of the aggregate performance index. If a purely relational contract is not
credible, however, the analysis gets more complex.

In this case, the principal has to decide which aggregate performance in-
dex is used in the relational contract. Under noisy performance evaluation,
this decision is influenced by risk considerations. A performance measure
pointing to the first-best action, as in Proposition 3 and 4, is hardly optimal.
Due to the lack of precision, such a measure might well result in a high
bonus payment. The principal is likely better off choosing a less congruent
but more precise performance measure. The optimal contract, of course,
accounts for both congruity and precision. To maximize the benefits from
the combined contract, the principal should seek the least distorted perfor-
mance index for the formal contract. To minimize the required bonus, on
the other hand, it is of interest to diversify the risk through a combination
of measures. Since these two objectives hardly point in the same direction,
a subtle tradeoff between the benefits of risk diversification and congruity
has to be considered. Since a detailed investigation of this tradeoff requires
considerable analysis, I leave it to future research at this point.

5. Conclusion

Regarding the use of the balanced scorecard for incentive purposes, sev-
eral conclusions can be drawn from the present analysis. The first refers
to Kaplan and Norton’s [1996] initial objection to formula-based incentive
contracts. Contrary to their concern, such contracts are capable of provid-
ing undistorted incentives if the performance measures meet the properties
these authors propose for a balanced scorecard. Under these properties,

1 Under the present assumption of normally distributed error terms, this is the case pro-
vided that the performance index is not too precise.
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misalignment of interest may only result from an improper aggregation of
performance information. If this alignment is not achieved, the present
analysis suggests that the firm should check whether the scorecard and the
formula-based incentive contract are properly designed rather than setting
targets for a whole set of performance measures as suggested by Kaplan and
Norton [1996, p. 81].

The second conclusion concerns the use of subjective rewards based
on a balanced scorecard. This paper proves that a lack of verifiability in
some of the performance measures justifies the application of relational
contracts. Probably the most important result in this respect is that the
credibility of such contracts can be considerably improved by restricting
informal incentives to that part of the first-best action that cannot be in-
duced by a formal contract. This separation of incentives is made feasi-
ble only by the balance property of the scorecard. Since both d (by the
balance property) and y° (by the second-best formal contract) can be in-
duced by a contract based on all measures of the scorecard, the difference,
d — y°, can be as well. Unverifiable measures are not “lost” for purposes
of incentive compensation, as each of them plays a critical role in the opti-
mal contract. This can be highlighted by the fact that, provided the score-
card is minimal and balanced, all unverifiable measures should be used
in the relational contract. This is the case even if its combination with
the formal contract does not produce a first-best, but only a second-best,
solution.

Concerning the standards that might arise for systems like the balanced
scorecard, the message of this paper seems unambiguous at first glance.
If standards demand that a larger number of scorecard measures deliver
“hard” information that can be verified in court, according to Proposition 5
the agency definitely benefits. This contrasts with earlier results of Baker,
Gibbons, and Murphy [1994], who assume coarser subjective performance
information than that provided by a balanced scorecard, and reinforces the
robustness of the balanced scorecard with respect to credibility concerns.
However, since the emerging standardized measures need not coincide with
those of the initial scorecard, their consideration might “blow up” the score-
card because no other measure can be replaced without violation of the
balance property. Alternatively, in terms of credibility, the firm might pass
on perfect balance in order to improve the verifiability of a given number
of strategic measures.

Directions for future research mainly regard the use of relational con-
tracts based on imprecise performance information. As addressed in the
last section, the design of a subjective performance score then becomes a
matter of congruity and noise, as is the case for a risk-averse agent. Unlike the
latter situation, however, risk in this context does not necessarily impair the
surplus of the agency. Risk enters the contracting problem only through the
credibility constraint, which need not be binding. Therefore, the proposed
model may serve as a suitable device for studying the balance of performance
measures, with respect to both their congruity and precision.
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APPENDIX

Proof of Proposition 1. By the definition of balance, the following statement
holds:

da=0Aya=0 Vje(l,....m\{k} =y,a=0.

The left part of the implication describes o, which represents the elements
of the nullspace B° of the matrix B = (d, Yi>--sYi=1,Yk+1>- - > Ym). In other
words, each « is orthogonal to the subspace B spanned by B. If yxa = 0
follows from this for all & € B?, then the vector yk must be an element of

B, that is, there exists a real-valued (n x 1) vector A = (Ag, A1,..., A 51,
Ak41,--.>Ay) such that BA =yy:
yi=rad+ Y Ajy;. (A1)
7k
Rearranging equation (Al) yields'?
d Mgy L
==2_ 7YtV
£k )"d )\(1

Choosing s; = A ; /A4 forall j # kand s, = 1/A, yields the first-best effort by
the agent’s action choice a =Ys.

To prove the second part of the proposition, consider a system P =
(P1,...,Py) of performance measures under which the first-best action can
be induced with incentive weights s = (s1,..., s,), where s; = 0 for some &,
that is, measure £ is not used for incentive contracting. From the first part
of the proof, it follows that d is an element of the subspace J_; spanned by
(Y1,---5Yk=1> Yk+1>- - ., ¥Ym). Furthermore, by the full rank of Y, y; is not an
element of that subspace. Thus, there exist effort variations orthogonal to
Y_i thatleave V and P, unchanged for j # k, butincrease the performance
measure P,. Hence P cannot be balanced. [ |

Proof of Corollary 1. The corollary directly follows from part (ii) of Propo-
sition 1.

Proof of Proposition 2. 1f the principal’s fallback position is a formal con-
tract, the described contract is credible if

B= %d’d < [ -1/ (A2)

Since the payable bonus B is identical to the first-best total profit IT?, and
% = ¢ 1" from the definition of congruity, equation (A2) simplifies to the
conditions

8 < [ — ¢'®]1/r and r<1-—¢.

12 The division by A4 is not critical. If P is minimal, A4 # 0 holds by the full rank of Y. If P
is not minimal, the degrees of freedom when choosing the weights A can be used to ensure
Ag #O0.
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If the principal’s fallback position is to cease production, the relational
contract is credible if

I
B= §d/d < [I1"B — U/, (A3)

which simplifies to the conditions "% < [TT"8 — UR]/rand r <1 — 1%: =

1—¢. [ ]
Proof of Proposition 3. Consider the combined contract § = sy + B +
P,s,, in which the bonus, B, may be offered for a target, 7', of any aggregate

P = a'Ys of precise performance measures. If the agent foregoes this bonus,
he optimally chooses an effort a, = Y,s,, resulting in an expected utility of

1 1
EU(a,) = s;+s,Y,Y,s, — §s;Y;szv =s;+ §s;Y;YUsU. (A4)

If he strives for the bonus, he faces the following constrained optimization
problem:

max EU? = sy+ B+aY,s, —aa
a

s.t.a’Ys > T.

The resulting action is a = Y,s, + AYs, where A > 0 is the multiplier of the
restriction. If the contract parameters s,, s and T are designed such thata =
d (such parameters exist if the scorecard is balanced), the agent’s expected
utility is

1
EU@™) =s;+ B+dY,s, — §d’d. (AB)

Comparing (A4) to (A5), the bonus that is necessary to induce the first-
best action has to fulfill

1 1 )
Bz s Y5, —d¥,s, + sdd=B. (A6)

Since B simply measures the distance between d and Y,s,, the bonus is
minimized by setting s, = s°, as in the optimal, purely formal contract. To
induce the first-best action, 7" and s are chosen such that AYs = d — yo.
The payable bonus becomes B = d'd/2 — (y)'y"/2 = IT"# — I1°, which is
credibly promised if

HFB—H()f[HFB—HO]/T or r<1

for a valuable, purely formal contract. If the latter is not beneficial, the
relational part of the contract is credible if
ne—uk 1-¢

n” —m’ < m” - uv*/r or TS E I S 1og

Proof of Proposition 4. As was the case for the first-best action, d, analyzed
in Proposition 3, the implementation of any action a requires—according
to (A6)—a bonus payment of
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1 1
B> ES/UY;YUSU —a'Yys, + §a/a = B“. (A7)
The principal therefore faces the following optimization problem:
/ 1 /
max ad— —a'a
sv.a 2

a ’ _1/ (v /0
s.t. rB* <ad p2a )y .

The first-order condition with respect to a is (d —a)(1 4+ 1) + Ar(Y,s, —
a) = 0. The optimal effort to be induced is therefore

AT 1+A
a=—""—Ys, + ———
14+A+Ar 14+1+Ar
| ——— —_——

K 1-«

Since A and r are nonnegative, this is a convex combination of d and Y,s,.
Obviously, the bonus is minimized by choosing s, = s’, and a = «y’ +
(1 —«x)d.

The principal’s expected profit from an action a = ky’ + (1 — k)d is

1
Uh=ad- éa'a— Utk
1_
—xdy’ — (1 —x)d'd — g(yo)’yo — k(1 =)y’ — Txd’d— Uk,

Taking into account that d'y’ = (y°)'y" for the optimal formal contract, this
equals

1—
Ut = %(yo)/yo + TKd/d —UR =M+ (1 — k)P — U (A8)
From (A7), the required bonus is

1
Bt = 5"y —ay’ +aa

1 /7 /7 7/ K /. /.
= §(y°) Yy — k()Y — (1 —x)dy’ — §(y°) Y —«(1—x)dy’

_ 1 _Kd’d,
2
which for d'y’ = (y°)'y° equals
B(l_(l_K)Q(d/d_(O)/O = (1= 2HFB—HO A9
=5 y)y)=0—x)( ) (A9)

For the fallback position of a formal contract, the bonus payment is credible
if BB* < U" — U°, or

,',(1 _ K)‘Z(HFB _ HO) < KQH() + (1 _ K2)HFB _ UR _ (HO _ UR)
= (1 — &%) (% - 11°),

which }Alolds forr < (1+«)/(1 —kx)or (r—1)/(r +1) <k < 1. Thus,
if ¢ > ¢, a credible hybrid contract exists for all levels of the principal’s
discount rate.
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If a purely explicit contract is not valuable, the bonus is credible if
rB* < U" or r(1 — k)2(IT"8 — M%) < «2T1° + (1 — k) T1*P — UR, This is ful-
filled for

r VA9 A+re-9¢0+n) v
T1r (1—¢)(1+1) IR
VA=¢)A+r¢—d(1+1)) (A10)
I—¢)(1+7)

Such « exist if the radicand in (Al0) is nonnegative, which holds for r <
(1-— (2))/(¢A> — ¢). To prove that« € [0, 1], one can take into account that the
square root in (A10) is maximal for ¢ = (}3, which yields an upper bound ¥ =
1 and alower bound « = (r — 1)/(r 4+ 1). The lower bound is nonnegative
forr > 1. |

Proof of Proposition 5. Consider the principal’s problem of choosing the
parameter « in order to maximize his expected profit (A8) subject to the
credibility constraints rB* < U" — U° or vB* > U". With I1° = qbl‘[w, for
¢ < ¢ this takes the form:

max U" = k2¢pIT"P + (1 — «2) [T — UR
K
s.t. rB® = r(1 — k)2(IT'8 — ¢IT"F) < 2T + (1 — k) 1178 — UK,
By the envelope theorem, the total impact of congruity on profit is given by
the partial derivative of the Lagrangian with respect to ¢,

du’ 9L
dp — 99
which is nonnegative because A > 0. For ¢ > <2), the credibility constraint
simplifies to r < (r — 1) /(r 4+ 1) and is independent of ¢ (see the proof of
Proposition 4). The total impact of congruity is therefore
dUh

d¢

= KT (1 + 1) + ArTTIB (1 — k)2,

= 211" > 0.
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