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ABSTRACT: Organizations often face the challenge of communicating their strategies
to local decision makers. The difficulty resides in finding the way to measure perfor-
mance that best translates how the organization’s strategy should be implemented at the
local level. I show that organizations solve this communication problem by combining
performance measures in such a way that performance gains come closest to mimicking
value-added as defined by the organization’s strategy. I further show how organizations
rebalance performance measures in response to changes in their strategies. Applications
to the design of performance metrics, gaming, and divisional performance evaluation are
considered. The paper also suggests several empirical ways to evaluate the practical im-
portance of the communication role of measurement systems.



“Those companies that can translate their strategy into their measurement systems are
far better able to execute their strategy because they can communicate their objectives
and their targets.”

Robert Kaplan and David Norton?

1 Introduction

Many organizations spend large amounts of resources on performance measurement sys-
tems to communicate to their employees how to add value. On the other side of this
market, consultants have been offering in recent year a wide range of performance metrics
that are supposed to link decision making with firm strategy. Kaplan and Norton empha-
size in the opening quote that the new focus on the design of these measurement systems
is how well they drive behavior by clearly communicating organizations’ strategies.? Sur-
prisingly, this communication role of performance measurement system has not received
much attention in the organization literature. Although this literature explains why or-
ganizations refrain from using incentives to identify and reward good performance, it fails
to explain not only the prevalence of performance measurement systems but also their
economic functions.®> The purpose of this paper is to develop a theory explaining how
performance measures are chosen and balanced to communicate organizations’ strategies.

To model these issues formally, a stereotypical organization composed of a center and
an agent is considered.* The center has superior knowledge about the general strategy of
the organization while the agent has superior local knowledge. In addition, the agent’s
and the organization’s knowledge corresponds to what Jensen and Mercklind describe as
specific knowledge meaning that it cannot be efficiently communicated. Although the
center cannot communicate its strategy explicitly, it can influence local decision making

by asking the agent to maximize a set of performance measures. Performance measures

'Kaplan and Norton (1996), ibid p. 146

ZSee Eccles, 1991, Burns, 1992 and Locke and Latham, 1990.

3An exception is Rajagopalan (1996). See Gibbons (1996) for a theoretical and empirical review of
the incentive literature.

4This theory applies to public and private sector, divisional, production unit or individual performance
measures.



are interpreted in this paper as an efficient way of improving decision making by com-
municating a clear objective. This structure is consistent with the observation that most
measurement system do not represent exactly the organization’s strategy; rather these
systems are an imperfect approximations.

The center combines the performance measures by choosing to put more emphasis, or
weight, on some than on others. I restrict attention to linear combinations of performance
measures because these schemes are simple and commonly-used. To interpret the optimal
linear weights, it is useful to regard the performance measures and the strategy of the
organization as functions of the decisions the agent must make. These decisions could
be, for example, investing resources in competing projects where each project has its own
characteristics which are privately observed by the agent. The optimal linear weights
have a regression interpretation: the center combines the performance measures so that
performance gains come closest to mimicking value-added as defined by the organization’s
strategy. Thus, the center puts more weight on those performance measures which better
predict the decisions which are most aligned with the organization’s strategy. In response,
the agent selects and invests more resources in the projects with higher return on the lin-
ear combination of performance measures. These projects are also the most valuable to
the organization. Performance measures perform well when (a) the agent has more local
information and (b) performance gains well predict value-added. To a first order approx-
imation, better proxies for the organization’s strategy reduce the cost of using imperfect
performance measures proportional to the variations in the value-added explained by the
variations in performance gains.

This work contributes to three literatures. First, the management literature empha-
sizes the importance of selecting performance measures which are consistent with the
strategy of an organization. For example, Stewart’s popular concept of economic value-
added (1991) combines measures of earning with measures of cost of capital employed.
Kaplan and Norton’s concept of balanced scorecard (1996) goes one step further and

combines external measures for shareholders and customers value with internal measures



of critical business processes, innovation and learning and growth. Missing from this lit-
erature, however, is a formal theory of how to balance different measures. By formally
modeling the information asymmetry within an organization, this paper offers a rigorous
answer to the problem of selecting and balancing measures to convey a strategy to local
decision makers.

Second, this work provides an alternative interpretation to the role of performance
measures to the traditional one found in the organization literature (Gibons, 1996). This
literature has focused on the incentive aspect of performance measures. Under the re-
ceived view, the principal chooses financial awards to trade-off hard effort and insurance
risk. By focusing on this trade-off, however, this literature ignores the economic role of
performance measure of improving local decision-making making by communicating clear
objectives. By distinguishing performance measurement systems (the choice of the per-
formance measures) from performance incentive systems (the choice of the awards), this
paper identifies two polar economic functions for these systems: communicating a strat-
egy and inducing effort. Toward the end of the paper, I show how these two functions
can be reconciled under a general performance weights formula.

Finally, this work contributes to the decentralization literature (see e.g. Weitzman,
1971). I interpret the use of performance measures as a solution to a fundamental prob-
lem of communication. This problem was stated in Hayek’s seminal article on the use
of knowledge in society (Hayek, 1945). Optimal decisions require that decision-makers
gather different pieces of information from many agents, implying that communication
is necessary to improve decisions. The price system, emphasized by Hayek, facilitates
the exchange of information within the marketplace. Organizations must construct some
mechanism to reproduce within the organization the role that the price system plays
among market players. In this regard, this paper extends Weitzman’s study of the com-
parative advantage of centralized and decentralized organizations by looking at richer
communication devices.

The paper proceeds as follows. The next section describes the model and derives the



optimal balance of performance measures. Section 4 evaluates how performance measures
perform. Section 5 extends the model to financial incentives. Application to the design
of performance metrics, gaming and divisional performance measurement are discussed

toward the end of these sections.

2 The Optimal Balance of Performance Measures

Performance measures communicate objectives to local decision makers which often do not
perfectly represent the true strategy, or goal, of the organization (Baker, 1992). For ex-
ample, performance measures often induce unintended behaviors such as gaming (Lawler,
1990 and Courty and Marschke, 1997). This, however, only partially illustrates what I
mean by imperfect performance measures. More generally, performance measures rarely
perfectly represent contributions to the firm’s value.® Because of this lack of perfect and
universal proxy, organizations must constantly adjust their measurement systems so that
it is aligned with their strategies.

Organizations typically measure performance on several dimensions and balance each
of these dimensions. For example, depending on the objective that is communicated,
measures of short-term financial performance such as return on capital employed or project
profitability are sometimes combined with measures of less tangible assets such as market
share, customer satisfaction index, or even employee commitment. This balance between
different performance measures is explicit when agents are offered formal performance
metrics or scorecards and implicit when agents are informally communicated the emphasis
put on each measure.

Often performance measurement systems are coupled with incentive systems which
reward performance either financially or through other decisions (e.g. promotion, train-
ing). Surprisingly, the fraction of the agent’s compensation paid as a financial award are

usually low, although it varies widely across compensation systems (Baker, Jensen and

>Measures of stock market appreciation may constitute valid performance drivers for top management.
However, few organizations have traded stocks and top management constitute only a very small fraction
of the workforce.



Murphy, 1988). This observation suggests two distinct concepts of weights in performance
measure: (a) the relative weights determine the emphasis put on each performance mea-
sure; (b) the absolute weights determine how high performers are rewarded and/or low
performers punished. These two concepts correspond to the distinction between perfor-
mance measurement systems and performance incentive systems, which plays a key role in
this paper. Most of this paper will study how performance measures are chosen and how
they are balanced (the relative weights on performance measures). Toward the end of the
paper, I will take into account the incentive dimension of some performance measurement

systems (the absolute weights on performance measures).

2.1 The Model

Consider a stereotypical organizational structure composed of a center and an agent. The
center-agent pair should be taken very generally. For example, it could be the entire
organization and its divisions or a division and its business units, and within each unit
there could be differentiation between top, mid-level managers, supervisors and employees.
The agent invests in a continuum of projects identified by their types # € © representing
what Hayek (1945) called the ‘knowledge of particular circumstances of time and place’.t
Let ¢(#) be the resources invested in project #. Each project is associated with a value
function v(6, ¢) representing the value to the organization as evaluated according to its true
strategy. The concept of value should be taken broadly: it represents what is sometimes
defined as the value to the stakeholder of the organization. Defined in a narrow sense, the
stakeholders are the shareholder but it could also include the organization’s customers and
employees. The functions v are assumed to be increasing and concave in the investment
level. In addition, each project has decreasing returns after some level of investment so
that the optimal investment is finite.

6 is a measure of the informational gap between the center and the agent in the sense

that the agent is able to identify the projects’ type 6 but does not know the projects’

5This corresponds to what is known as ‘hidden information situations’ in the contract literature, where
the agent receives private information after signing a contract but before choosing an action.



value functions and the center knows the projects’ value functions but does not observe
the project types. In addition, the information on the project types and on the value
function is too costly to communicate; it corresponds to what Jensen and Merkling (1992)
describe as specific knowledge. The value functions, however, can be decomposed into
a component which can be communicated, v°, and another component which cannot,
v, with v = v® + vL.7 For example, when accounting cost figures measure well some
dimensions of true economic cost, v would be a measure of these costs.

The center communicates its strategy to the agent through a set of J performance
measures, m’(0,q) for 7 = 1...J. Let m be the vector of performance measures. The
concept of performance measures encompasses a wide range of variables. It includes fi-
nancial measures of return-on-investment or cash flow, measures of market impact such
as gross margin on sales or customer ranking surveys, and measures of internal business
practice such as on-time delivery, internal and external employee training, and new prod-
uct development. For simplicity, the functions m? will be assumed to be increasing and
concave in the investment level, with decreasing returns for investments large enough. In
the rest of the paper, a performance measure will be defined as the average performance
over all projects, Em?(0,q(0)). The center contracts only over the sum of all performance
outcomes. The organization’s center knows the joint-distribution, over all projects, of the
value function and the performance measures. The focus will be on linear combinations
of performance measures because these schemes are simple, and commonly employed. In
addition, the concept of weights on performance measures is intuitive because it corre-
sponds to the concept of shadow prices. Finally, I rule out negative performance weights
to guaranty that the agent’s problem is single peaked.®

This way of capturing the informational gap within organizations is fairly standard in

the organization literature. As early as 1971, Weitzman used a similar model to study the

"Although this assumption is not very restrictive, it is necessary to prove the main results of the paper.

8This assumption is not very restrictive. For example, it holds under the technical assumption that
for each performance measure j = 1...J, there exists a non-zero measure set of projects such that for
these projects (a) m’ (6, 00) = v(#,00) = —o0, and (b) m* (8, q) is finite Vk # j.



benefits of decentralization, and more recently, Baker (1992), built up on that structure to
study the implications of moral hazard with a risk-neutral agent. It should also be noted
that Holmstorm and Milgrom (1991) briefly mention a discrete analog of the problem

presented here as a possible extension of the model they study.

2.2 Analysis

To focus on the communication issue, | start by assuming that the agent chooses the
investment allocation which maximizes the weighted average of performance measures
communicated by the center. Later, I will show how the main results change when the
center must provide some incentive to motivate the agent (under moral hazard). For
now, the agent maximizes the weighted sum of performance measures (including the
communicable part of the strategy) 3%° + Z}Izl B Em?, with (8° 8, ..,37) being the
vector of linear weights on the communicable strategy and on the performance measures,
J . .
max (ﬁovo(& 9(9)) + ;ﬁ]m](& C](@))) (1)

The first order conditions of the agent’s problem are,’

3020, q(0)) + Zﬁjmé(& q(0)) =0 ifq(6) >0, (2)

The agent has the important responsibility of selecting the projects. The agent invests
only in the projects for which the marginal return on the performance measures, or per-
formance gains, is positive.

J . .

q(0) > 0 < B%2(0,0) + > f'mi(6,0) > 0.

j=1
Without loss of generality, I will assume that all projects are selected, [3%8(0,0) +
Z}Izl ﬁjmg(e,()) > 0, V8 € O. The center computes the agent’s response function
q(0,((8% 3, ..,37)) given the performance weights using the agent’s first order condi-

tions (2). The agent’s response function is homogeneous of degree zero in (3%, 3!, .., 37).

9The second order conditions require that ﬁovfl)q + ijl Icd mgq < 0. This condition will hold at the

optimum because 5 > 0.



In other words, only relative weights matter, so that if (3°, 31, .., 37) implements a given
investment then any scalar multiple of (8% 3%, ..,37) also implements this investment.
Therefore, one can focus on the relative performance weights only and ignore the abso-
lute level of weights. For simplicity, I will assume without loss of generality that 3° = 1

and I will note 3 = (3,..., 37). The agent response function is,

qp = <:>(qu + quq)_lmq- (3)
Investment allocation ¢(8) is feasible if there exists a set of weights  such that ¢(#) =

q(8,3). The center chooses the feasible allocation which maximizes the average value over

all projects.

max Eo(0,4(0, ) ()

The center’s first order conditions are given by,

qu((gv(Z(evﬁ))Qﬁ(evﬁ) = 0.1 (5)

The center’s J first order conditions in addition to the agent’s first order conditions give
the solution to the optimal weighting scheme  and to the optimal investment decisions
q(8,3). Plugging the value of g5 in equation 5, the center’s first order conditions can be
written as,
qu(USq + B'mgq) Tty = 0. (6)
v, will be interpreted as the value-added to the organization while m, will be interpreted
as the performance gains. To a first order approximation (vgq and m,g, are constant), this
result states that the value-added is orthogonal to the performance gains. This is intuitive
because the measures are used to minimize the investment mistakes which are measured
at the margin by the value-added to the organization. After replacing from the agent’s
first order condition the communicable part of the organization’s strategy in the above
equation,
B = (qu(vgq + ﬁ/mqq)_lm;)_lqu(USq + ﬁ/mqq)_lvé' (7)

10The second order conditions to the center’s problem hold under some general assumption on the third
derivative of the measure. This is shown in the Appendix.




By abuse of notation, we will interpret v; as value-added although it represents only the
part of value-added that the organization is trying to communicate. This leads to the

following proposition.

Proposition 1 (1) There exists a diagonal weighting matriz P = v), (0, q(0))+5"mqe(0, ¢(0))
s.t. [ is the regression cocefficient of the value-added to the organization on the perfor-

mance gains with weighting matriz P,
8= (quPm;)_lquPv;. (8)

(2) To a first order approzimation (v2(0,q(0)) = v%, and mss(0,q(0)) = ms, VO € ©), the
optimal linear weights equal the regression coefficient of the value-added to the organization
on the performance gains.

B = (qum;)_lquvl (9)

q

This result deserves some attention. Measures of organization’s value and performance
outcome do not matter; only value-added and performance gains matter. This result is
intuitive since the organization really cares about value-added and the agent responds only
to performance gains. The center puts more weights on the performance measures which
better predict value-added on the part of the strategy which cannot be communicated.
This is also a fairly intuitive result. The agent selects the projects with high return on the
linear combination of performance measures. These projects are also the most valuable
for the organization when at the margin, the communicated objective approximates the
true strategy well. More surprising, however, is that the dimension of the strategy which
can be communicated plays no role (at least in a first order approximation sense) in the
formula for the optimal performance weights. In this sense, the communication problem
is separable: the center communicates to the agent only what she does not know without
distorting what she knows.

Interestingly, the optimal weights have an econometric interpretation, despite the fact

that there is no uncertainty in this model. The organization can be seen as bridging the

HThe matrix P can be interpreted as a correction matrix for heteroskedasticity.



informational gap by solving an optimal decision problem under uncertainty. Linear least
squares turn out to be the optimal solution to this problem. The optimal weights are
chosen because they perform well on average. Notice that the regression interpretation
suggests that the correlation between performance gains and value-added is not always a
good proxy for the performance weights. For a given measure, the correlation is a good
proxy when (a) there exists a performance measure which is linear in the investment
decision; and (b) the performance measures are independent.

Imperfect performance measures addresses the communication problem but distort the
investment decisions. Let ¢*(8) be the efficient level of investment for project . At the

efficient level of investment, there are no more opportunities for adding values,

vy(0,47(9)) = 0. (10)

The center achieves the first-best outcome if and only if there exists a 3 € R’ such
that v2(6,¢*(0)) + 3'my(0,¢"(0)), V0 € ©. In general, the first-best conditions do not
hold because these conditions would require the center to control a very large number of
investment decisions but she only controls .J instruments.'? As a consequence, the value-
added is positive for some projects (v, > 0) and negative for other projects (v, < 0). Under
the optimal performance weights, the center makes some trade-offs between projects, over-
invests in some and under-invests in others.

To conclude this section, notice that the above formula has some empirical implications
that could be tested. Although the informational gap assumption states that it is too
costly for the organization to communicate its strategy to the agent on a systematic basis
it does not rule out the possibility to collect data on the value-added to the organization
and on the performance gains for a restricted set of projects. Actually, these data are
sometimes produced for internal business evaluation or for more global evaluation at the

organization-level. In an empirical application, one could estimate the optimal balance of

12The comparison of interest is between dim(©) and J. If there is a finite number of projects dim(0) =
1, the first-best requires [ first order conditions and the center controls J dimensions. As longas I >> J,
the conclusions presented in the text follow.

10



performance measures for a restricted representative sample of projects and compare these
theoretical weights with the observed weights.'® Using the information on the estimated
performance weights one can answer the questions: (1) Do the performance measures
used in practice predict value-added by testing, if the coefficients on the measures are
significantly different than zero (and have the predicted sign)? (2) Do the performance
measures provide the right incentives by testing whether the ratio of two performance

weights equals the predicted ratio?

2.3 Discussion: The Strategic Role of Performance Measures

Although this model can be applied to many organizational contexts, this section focuses
on an application to strategic management because the communication feature of perfor-
mance measures has recently received much attention in this context. Consultants offer
a wide range of performance metrics to measure how much ‘economic value” a company
creates. These metrics are usually not based on accounting measures which are easy to
manipulate, but rather on cash flow. For example, economic value-added (EVA), popu-
larized by Bennett Stewart (1991) deducts from a firm’s earnings a charge for the different
amount of capital (such as bonds, equity, loans) it employs. A very stylized version of
EVA looks like,
EVA = FEarning ©X;r;Capital;,

where r; is the cost of capital 7. These measures were originally developed as an alternative
thermometer of corporate performance to shareholder value for financial investors but they
are now transformed into more forward looking corporate-governance tools to persuade
managers to act in line with their owners. Compared with those more general performance
metrics, shareholder value has at least two important drawbacks: (a) it does not focuses

the organization on an explicit and transparent goal and more importantly, (b) it cannot

I3Notice that the econometrician observes only those projects which have been selected. However, a
generalization of formula (8) to the case where the agent selects the projects would also take into account
only these projects. Therefore, the econometrician estimates the right formula by using the sample of
selected projects.

11



be driven vertically into each functional organization, whereas it can be broken down into
its component parts in order to evaluate how each part contributes to the functioning of
the whole.

The main advantage of EVA is that it focuses managers on adding value to their
companies by increasing earnings, by reducing the amount of capital employed, or by
decreasing the cost of capital. Some firms believe that value-based management is a good
performance driver and have tied executives’ share options and/or bonuses to improve-
ments in these performance measures. EVA, however, is just one out of many performance
metrics combining the pure measurement of corporate performance aspect with a strate-
gic management dimension (The Economist, 1997). The common focus on the design of
all these new measures is how well they will drive senior managers in each major orga-
nizational unit as well as frontline managers and employees to assess the impact of their
activities on the entire company’s valuation.

The balance scorecard goes one step further and combines financial scores with mea-
sures of less tangible assets such as customer satisfaction and loyalty (sometimes called
customer value-added), and a firm’s ability to nurture the skills of its employees (Kaplan
and Norton, 1993). More largely defined performance measures give a remedy to the
limitations of measuring only short-term financial results. Under this broader view, per-
formance measures make the change from financial to strategy reporting. A measurement
system is viewed as a management system to translate coherent business strategies and
to motivate breakthrough competitive performance.

According to this recent trend toward a more strategic use of measurement system,
organizations not only introduce new measures to communicate new strategies but also
question whether old measures are relevant to new initiatives. This prediction that organi-
zations should respond to change in strategy is entirely consistent with the communication
role of performance measures. The simple regression formula implies that organizations
should change their measurement systems in response to a change in their strategies (a

change in v in the model.) Interestingly, this prediction contrasts with the prediction

12



that would follow under the alternative interpretation of performance measures as pure
motivational devices (e.g. piece rate or sharing rules) to induce the agent to exert effort.
Under an incentive interpretation, performance measures are control instruments rather

than strategic tools and do not depend so much on the organization’s strategy.

3 How Do Performance Measures Perform?

Although the previous section showed how organizations select and balance performance
measures, it did not establish when performance measures are good communication de-
vices. The evaluation of how performance measure perform is a difficult one. To address
this question, I compare the performance of performance measures with two informative
benchmarks. First, to evaluate the absolute advantage of performance measures, I com-
pare their performance with the first-best performance where there is no informational gap
in the organization. Second, to evaluate the relative advantage of performance measures,
I compare their performance with an alternative second-best organization; a command-
and-control organization, where agents have no discretion over the investment decisions.
I conclude this section by showing that more local information might not improve the

performance of measurement systems.

3.1 The Absolute Advantage of Performance Measures

To study the distortion due to imperfect communication, I compare the value generated
by a performance measure-driven organization with the hypothetical one generated under
perfect communication. To simplify this comparison analysis, it is convenient to make a
second order approximation of value functions around the range of ¢(8) as it varies within

the optimal level of investment ¢*(8),
0'(0,4(0)) = v'(0,47(0)) + (a(0) ©q"(0))v,(0,47(0)) + %(Q(Q) Sq(0) vy, (11)

for ¢ = 1,2, where v,, is a constant. Differentiating the second order approximation (11)

with respect to ¢(#), adding the two approximations and replacing the agent’s first order

13



conditions (2) gives,

(0) = 4" (0) + ——R(o}lm,), (12)

a9

where R(v;|m,) = v3(0,q(0)) & 3'm,(0,q(0)) stands for the residual of the regression
of value-added on performance gains. Equation (12) shows how imperfect performance
measures distort the investment allocation. The sign of the distortion depends on the
sign of the residual of the regression of value-added on performance gains. The agent
under-invests (over-invests) in the projects whose value-added has been under-estimated
(over-estimated). The level of distortion is proportional to the error in the estimation
of value-added. The coefficient of proportionality is equal to a measure of curvature in
the value functions. Curvature in the value functions tends to reduce the investment
distortions. More curvature around the optimal benefit implies that, for a given change
in the investment, value-added varies more. Therefore, the investment decisions are less
sensitive to errors in the estimated value-added.

One can compute the total loss in revenue due to the use of imperfect performance
measures. Let v(m) and v* be the optimal value generated under a performance measure-
driven organization and under the efficient investment. Replacing ¢(6) <¢*(8) from equa-

tion (12) in equations (11) gives,

Sl

v So(m) = ER*(vy|mg). (13)

Uqq
Better proxies for the value function reduce the cost of using imperfect performance
measures. The performance of performance measures depends proportionally on the share
of the variations in value-added explained by the performance measures, and inversely
proportionally on the curvature of the value function.
This model offers a simple method to evaluate the value of using a set of performance
measures. Assume an organization can use two sets of performance measures, m and .

The change in value due to a switch from performance measures m to m is,

o(m) @v(n) = 2B (R (ullin,) & B2 (v} |m,))

Uqq
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In other words, an organization is willing to pay (or must be compensated) to switch from
the set of performance measures m to the set m an amount proportional to the change in
the variation in value-added explained by these two sets.

Notice that the organization cannot decreases value by combining more performance
measures together. (The center always have the option not to weight the measures which
do not have any explanatory power.) However, focusing on the benefit side only ignores
that there are also costs to using performance measurement systems. In practice, at
least two factors limit the number of performance measures. The first factor is compre-
hension. It has been repeatedly shown that people have difficulty understanding com-
plex measurement systems (Lawler (1990)). Second, there are important costs to collect
performance outcomes and to maintain and perfect measurement systems (Burns and
McKinnan, 1992).

A final point can be made on how the benefit of using performance measures changes
with the size of an organization. Ceteris paribus, performance measures are more valuable
in larger organizations. To see this, assume a continuum of organizations identified by
their size A such that 0,(6, ¢) = Av(0, ¢). The efficiency loss of using imperfect performance

measures is homogeneous of degree one with the organization’s scale in the sense that
vy Sun(m) = AK,

where K is a constant equal to vf<wvi(m)). As a consequence, larger organizations should
spend more resources collecting performance measures because the opportunity gain of
additional performance measures is larger in these organizations. This may explain why
more mature organizations which tend to be larger are more likely to develop and invest

in measurement systems and control systems more generally defined.

3.2 The Comparative Advantage of Performance Measures

To guide and improve local decision making, some organizations use measurement sys-

tems while others use other devices. The issue of when one should observe performance

15



measures rather than an alternative device is a ‘second-best’” question. Although the com-
parison with the ‘first-best’ organization told us what may go wrong when performance
measures are used, it misses the point of establishing a criterion for when performance
measures should be observed. An insightful comparison should be a comparison with
a competing ‘second best’ organizational design. A naturally competing organizational
design is one which uses an alternative low-cost communication device. Following Weitz-
man (1971), the value generated by a central command-and-control top-down organization
which fixes the same investment rule for all the projects will be compared with the value
generated by a performance measures driven organization.'?

In a top-down organization, the agent’s private information of the projects is not used.
The agent is asked to go through fixed routines for each project. There is a priori no

reason why one organizational design should generate more value than the other. The

command-and-control organization chooses investment g such that,
FEv,(0,9) = 0. (14)

Following Weitzman (1974), let A be the difference in value between the performance

measure-driven organization and the fixed-investment organization,
A= B (00, 4(0)) &0(0,) (15)

As previously, a second order approximation is made of the value functions but now within

the range of ¢(f) as it varies around g,

v'(0,q(0)) = v'(0,7) + (a(0) <7)vy(6,7) + §<q<0> )"y, (16)

for + = 0, 1. Differentiating the second order approximation and rearranging,

R(v! E€y (67
¢(0) o7 = (Uq|mq) 6q(é’vq)7 (17)

Uqq

MWeitzman assumed a single performance measure: the quantity produced. (Using this paper’s nota-
tions, m(0, ¢) = ¢.) This particular functional form turns out to be crucial for his results.
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where ¢, (93) = v,(0,7) & Ev,(0,q). Plugging (17) into (16) gives the expression for the
coefficient of comparative advantage,

1
A =
2044

(02 o7 SER (vi]m,)) . (18)

where o2 stands for the variance of x. Notice that the variance in the value function
is measured at § while the expected residual square error is measured at ¢(8). The
performance-measure organizational regime dominates the command-and-control organi-
zational regime when ceteris paribus: (1) The agent observes more local information on
how value-added varies across projects (Uzq(w) is high). The variance in value-added is
a measure of the agent’s knowledge which is not used under the fixed-investment regime.
(2) The performance gains do not create too many dysfunctional responses. When this

occurs, the residual square error of the regression of value-added on performance gains is

small.

3.3 The Return on Local Information

Local information is valuable when it helps the agent to make decisions congruent with
the organization’s strategy. This observation suggests that more local information may
not always be valuable. A simple example illustrates how more local information may
actually lower value. Assume two projects and one performance measure. The value
function is the same for both projects v(8, q) = 3 <(1 <q)?, § = 1,2 but the performance
measure is not: m(1,q) = <¢* and m(2,q) = (2 &q)*. 1If the agent can identify each
project, she invests no resource in the first project (¢(1) = 0) and two units in the second
(¢(2) = 2). However, if the agent cannot discriminate between the projects she maximizes
m(1,q) +m(2,q) and chooses the efficient investment for both projects (¢(1) = ¢(2) = 1).
In this example, local information reduces the organization’s value because the marginal
information does not represent changes in value-added.

This observation sheds some light on a fundamental flaw of rewarding high and punish-

ing low performances resulting in agent behavioral responses which are sometimes called
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gaming (Lawler 1990). Once an measurement system is put in place, the incentives cre-
ated do not depend any more on the motivation which led to them. Self-interest motivates
the agent to collect local information in order to understand the performance measures
on which his rewards and punishments depend. It does not take the agent long to dis-
cover where the rewarded objective is different from the stated one. The agent uses his
superior local information about how his actions influence his performance award. Since
the performance measures do not always give the agent accurate incentives, the agent
engages in actions that the organization, if it had the agent’s information, would consider
non-optimal.1®

Gaming has been demonstrated in several organizational environments. In the context
of managerial compensation, Healy (1985) showed that managers manipulate reporting
variables to maximize their inter-temporal awards. Oyer (1996) presents similar results
in the context of sales force compensation. Courty and Marschke (1997) demonstrate
gaming in the context of a government bureaucracy, by conducting a formal efficiency

analysis.

4  Extensions

4.1 Absolute and Relative Weights

The balancing formula for the relative performance weights derived in Subsection 2.2 over-
looks the fact that measurement systems are sometimes coupled with incentive systems.
One may wonder whether the interpretation of the performance weights as a regression
formula is still valid once the incentive dimension is taken into account. To answer this
question, [ extend the model to allow for the role of absolute incentive weights in providing
rewards.

The standard model of incentives is the principal-agent model of moral hazard first

15This interpretation of gaming is slightly different than the one found in Baker (1992). In Baker’s
model, gaming occurs essentially because performance gains do not represent well value-added. The type
of gaming identified here 1s much stronger: the agent may collect counter-productive information that
result in negative value-added.
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formally developed by Holmstrom (1979). In this model, moral hazard problems prevent
the principal from observing the effort exerted by a risk-adverse agent. The principal
only observes some noisy proxies for the agent’s effort. As a consequence, the principal
must make a trade-off between providing incentives to exert effort and having the agent
bare unnecessary risks. Following the standard approach, I assume that the performance

measures are noisy in the sense that the observed outcome m is,
m = LEm(0,q(0)) + €,

with epsilon a zero-mean normal vector with variance-covariance matrix Y. As usual, this
matrix will be interpreted as measurement noise. The agent is risk averse with utility
function u(c) = ©e™™. ¢(0) is interpreted as the agent’s level of effort for project 6
and v°(0,q(0) as her cost of effort. There is moral hazard because the principal cannot
contract on v°.

Following the standard approach (Gibbons, 1996), the organization maximizes the

sum of her certainty equivalent and the one of the agent,

q{g}g;fﬁEv(G,q(G,ﬁ))@ﬁ’Eﬁ- (19)

One can easily solve for the optimal weights,
B = (qu(vgq + ﬁlmqq)_lm; + TZ)_lqu(USq + 5/mqq)_1vé-

As expected, this formula is equivalent to formula (7) if the agent is risk neutral (r = 0)
or if the measures are not noisy (X = 0). More noisy measures have the well-studied
effect of decreasing the incentive weights. Similarly, this formula is equivalent to the one
found in the principal-agent literature when the performance measures do not explicitly
communicate a strategy, m(8,¢) = m(q). More generally, however, the projection formula
is a good approximation for the weights as long as the measurement noise is small, relative
to the information communicated by the measures (3 small relative to Em,m;.)
Actually, the importance of the communication role of performance measures becomes
more striking once the principal-agent model is modified to be consistent with the envi-

ronments in which measurement systems are commonly observed. The case considered
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in the standard principal-agent literature is an extreme case where the agent supplies
(through his effort) all the resources invested in the projects. This overlooks the fact that
in most organizational contexts, the agent’s effort represents only a very small part of total
investment. The organization provides most the investment in terms of human resources
(support staff, delegation), capital resources (information systems, durable investments)
and financial resources. Taking this observation into account asks for a revision of the
standard formulation. Assume the agent’s cost of effort represents only a fraction £ of to-
tal investment. (For example, k& = 0.08 if a manager is paid $40,000 per year and controls
a budget of $500,000.'¢) Given performance award 3'm, the manager chooses investments
to maximize kv® + 3'm, while the organization maximizes the same objective as before.

This leads to the following proposition.

Proposition 2 As the fraction of the agent’s investment in the projects become arbi-
trarily small, the absolute incentive weights also become arbitrarily small and the relative

performance weights converge to the pure communication performance weights.
Proof: See Appendix.

This proposition is fairly intuitive. It states that as the agent’s personal investment
becomes small relative to total investment, the performance measures are really used as
a communication device rather than as an incentive device. In contrast with Holmstrom
and Milgrom (1991), this proposition explains why low powered incentive systems are
often observed in practice by showing that although low powered incentives have little
use in term of increasing the agent’s effort contribution, they can be quite useful in term
of channeling existing resources. Low powered incentive perform the important economic
role of improving local decision making by communicating a clear goal.

This proposition also suggests that incentives are more likely to be high powered when

the agent’s investment accounts for a large fraction of total investment. An implication,

16 Actually, this overestimates the importance of the agent’s unobserved effort (under moral hazard)
since a fixed salary usually accounts for most of total compensation.
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for example, is that a piece rate perform well when the agent can be charged for the
raw inputs, and when she owns the means of production. Under these assumptions, the
agent’s investment accounts for a large fraction of total investment.!” This prediction,
however, is similar to the one found in the standard principal-agent literature (Holmstrom
and Milgrom, 1991).

To summarize, the weighting formulas derived under a pure communication model
(¥ = 0) and the one derived under the principal-agent model (m (0, ¢(8)) = m(q)) corre-
spond to two different interpretations of measurement systems: communicating a strategy
and inducing risk averse agents to exert effort. In the standard principal-agent paradigm,
the relative performance weights depend to a large extend on the variance-covariance ma-
trix of the measurement errors, or on the statistical concept of sufficient statistics under
more general assumptions on the distribution of these errors. Since little can be known in
practice about this variance-covariance matrix, the principal-agent model has little to say
about the relative performance weights. In contrast, the model presented here provides
a simple and intuitive formula for the choice and balance of performance measures by

distinguishing and isolating the communication and incentives roles of these measures.

4.2 Divisional Performance Evaluation

Divisional performance evaluation distinguishes profit, cost, and benefit centers (Brickley,
Simth, and Zimmerman, 1996). These evaluation systems correspond to different strate-
gies communicated by the organization’s head quarter to its divisions. [ first ask whether
the organization can separately communicate the cost and benefit function to the agent
through two independent sets of cost and benefit performance measures. Then I study
when the organization chooses to communicate one of these objective rather than the
other.

To study the factors determining the choice of divisional performance evaluation, the

1"Note also that an additional requirement for a piece rate to perform well is that quality be easily
assessed. Quality can be interpreted in this model as being easily assessed when performance gains
represent well value-added.
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value function is decomposed into a benefit and a cost function v! = b <c. Assume the
center independently communicates these two functions through two sets of performance
measures: a set of proxies for the cost functions m® (0, q); j = 1..J¢ and a set of proxies
for the benefit functions m*(0,q); j = 1..J°. Assume the cost proxies are increasing
and convex and the benefit proxies are increasing and concave. Let 3¢ and 3° be the
weights on the cost and benefit measures. When mgq and m,, are constant, the optimal
performance weights correspond to the regression weights of benefit and cost value-added

on benefit and cost performance gains.

()=o) () o

Assume the benefit measures are independent of the cost measures at the margin

) (20)

(cg(0,q),m5(0,q)) L (b(0,q), mS(@, q)). This assumption is supported by the observation
that the random factors which influence the value of the projects are independent from the
random factors which influence the costs of the inputs. Quite surprisingly, this assumption
does not guaranty separability in the communication problem. That is, the weights on the
benefit (cost) measures may not be the regression weights of benefit (cost) value-added
on benefit (cost) performance gains. This is because at the optimum investment level,
the benefit performance gains and the cost performance gains are not independent. They

must satisfy the agent first order conditions,

0y (0, q(0)) + 8" m}(0,4(9)) + B mi (0, 4(6)) = 0.

Because the cost and benefit performance gains are in general statistically dependent
(through the choice of the optimal investment level ¢()), it is more efficient to aggregate
the information jointly over both cost and benefit measures rather than separately. In
general, one can show that the regression formula is separable when the cost and benefit
functions are linear in the cost and benefit measures (b, = ﬁb/mg + n® with * an inde-
pendent noise vector and similarly for the cost measures.) If this linearity assumption

holds, the cost of using imperfect performance measures is separable in two components:
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the cost of misrepresenting the benefit functions, and the cost of misrepresenting the cost
functions,
ERz(v;|m2,mg) = ERQ(bq|m2) + ERz(cq|m2).

Under the separability assumption, we can identify important differences between cost,
benefit and profit centers. A cost center minimizes costs of producing a fixed quantity
given a set of shadow input prices communicated by the center. The cost center takes into
account only cost measures meaning that it has much local information on the optimal
input mix given the shadow prices of input, and either knows the true benefit function or
observes no relevant information about it. Similarly, a profit center ignores both the cost
and benefit functions and observes local knowledge influencing these two. More generally,
the organization communicates the dimension of its true strategy that the agent ignores

and about which the agent observes relevant local information.

5 Summary and Conclusions

This paper interprets measurement systems as imperfect mechanisms which improve lo-
cal decision-making within organizations by communicating clear objectives. Within this
framework, I explain how organizations choose performance measures and how they bal-
ance these measures to communicate their strategies. The optimal balance of performance
measures has a regression interpretation where the organization combines the measures in
a way that performance gains come closest to mimicking value-added to the organization.
The organization places more weight on the performance measures which better predict
value-added. In response, the agent selects and invests more in the projects with a higher
return on the combination of performance measures which are also, one average, more
profitable for the organization.

This view of measurement systems as communication devices contrasts with their
traditional view as incentive devices. Under this communication interpretation, these
systems perform an economic role even in the absence of rewards or punishments for high

or low performances: these systems induce agents to better allocate the organization’s
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resources. This is consistent with the observation that many measurement systems, or
control systems more generally viewed, do not offer any financial rewards. This frame-
work also captures the view that effective measurement is becoming an integral part of
the management process where companies translate their strategies into a coherent set
of performance measures. In some contexts, however, performance measurement systems
play the dual role of communicating objectives and of inducing effort. One of the main
contribution of this paper is to distinguish these two roles and to show that the com-
munication interpretation leads to different predictions for how these systems should be
constructed and used.

From an empirical standpoint, this paper suggests several empirical ways to evaluate
the practical importance of the communication role of measurement systems. To close this
discussion, I briefly summarize how these predictions contrast with those derived under
the standard principal-agent model of performance incentives found in the organization
literature. First, this paper implies that the gains from performance measurement systems
are greater in larger organizations while the principal-agent model suggests these gains
are independent of the organization’s size. Second, the interpretation of performance
measures as a communication device implies that organizations should not only introduce
new measures to motivate new goals but also need to question whether their old measures
are relevant to new initiatives. Therefore, one should find within an organization a close
relationship between changes in strategy and changes in measurement systems. Finally,
the organization literature has focused on tests of absolute incentive weights and has
overlooked the communication role in determining relative incentive weights. This work
shows that under a pure communication assumption, the relative performance weights
depend on the relationship between performance gains and value-added but not on the
measurement noise in value-added as is predicted under a pure incentive assumption. This

difference in the formulas could be tested against real data.
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Appendix

Second Order Conditions

The second order conditions to problem (4) are given by,

B (vy00545 + 04050 - (21)

Let’s compute ggg. Differentiating the agent’s first order conditions with respect to 3
and rearranging terms,

Qo = (B'mgq) ™ (quqmg - ﬁ/mqqq(ﬁ/mqq)_lmqm:;) : (22)

Let M be the matrix of second order conditions. Plugging this expression in (21),

_ 3'm
M = E(ﬂ’mqq) 2 ((qu — v, ﬁ/mqqq mqmg + 2vqmqqmg . (23)
9
The second order conditions require that the matrix M be negative semi-definite.

Proof of Proposition 2

Replacing the agent first order condition in the principal first order conditions gives,
8= k(qu(kaq + ﬁ'mqq)_lm; + er)_lEv;(kvgq + ﬁ’mqq)_lmq.

Taking a first order approximation,

% = (Emgmy &kr(kvg, + 5'mgg)2) " Evgmy.

( is bounded as k goes to zero; otherwise the cost of insurance would be unbounded
which cannot be an optimum. Therefore, 3 converges to zero as k goes to zero. Finally,

the relative performance weights % converge to the linear least square approximation,

= (qum;)_lEv;mq.

=@
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