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Variance analysis and linear contractsin agencieswith
distorted performance measures

Abstract

This paper investigates the role of variance analysis procedures in glignin
objectives under the condition of distorted performance measurementk-A ris
neutral agency with linear contracts is analyzed, whereby the ag@ites@ost-
contract, pre-decision information on his productivity. If the perforneamea-
sure is informative with respect to the agent’s marginal product coimgethe
principal’s objective, variance investigation can alleviate effort misallonatio
These results carry over to a participative budgeting situation, but in thes ca

the variance investigation procedures are less demanding.



1 Introduction

Variance investigation has frequently been the subjectariagement accounting re-
search in terms of both facilitating and influencing decismaking. Such research
has often concentrated on incentive effects. From the ggpexspective, the liter-
ature has mainly focused on the trade-off between riskisfpand incentives. This
viewpoint essentially reduces the agency problem to thateureof which contrac-
tual agreement can induce a certain desired action at miciosa Several results on
the use of variance analysis procedures have been derivapidbying the Holmstim
(1979) informativeness criterion. The crucial requiretien useful variance inves-
tigation in this context is the provision afdditional information with respect to the
agent’s action. If observation of an overall result is natistically sufficient, there are
potential gains from analyzing further details regarding &gent’s actions (Baiman
and Demski 1980a}.

In the last decade, however, economic agency research tgsasired the misal-
location of effort rather than the trade-off between riskl amcentives as the central
issue in the provision of incentives. Starting with Holndstrand Milgrom (1991), a
rich literature has analyzed the effects of dysfunctioreldvior. This problem may
arise whenever an agent’s performance indicator does tpaiecord with his princi-
pal’s objective, which can occur for a variety of reasonstii@one hand, the principal
could have a non-contractible objective such as the valagoiately traded firm. On
the other hand, the objective might be a very risky measutieeohgent’s performance
and result in a high risk premium to be paid. In both casesptireipal may seek

alternative performance measures to provide contracheahtives. Such measures,

in practical applications, these benefits of course have wdighed against the cost of data gath-
ering, and conditional monitoring might become advantage®@ee Baiman and Demski (1980b) and
Young (1986) for a detailed analysis.



however, may induce effort allocations that do not coineiite those preferred by the
principal, particularly if the agent performs a variety asks.

Multi-dimensional effort may result for two reasons. Fitsie agent might work
on different tasks and have to decide not only on the totalernof effort, but also on
where to put it. Second, the agent’s productivity might cepen some state of nature
that he observes before choosing his action, leading tdexstentingent action. If the
principal’s objective and the performance measure areanfled by the state of nature
in different ways, a similar misallocation problem arises.

From an accounting perspective, an obvious question indasés is whether man-
agement accounting procedures such as variance analysisetia to alleviate the
problem. To answer this question, | first analyze how add#tionput information
can best be incorporated into a linear contract. Buildingh@sé results, their rela-
tion to variance analysis procedures is then studied. ltrgesethat certain special
variances can be naturally interpreted as predictors cdgieat’'s impact on the firm’s
objective. Consequently, they appear in the agent’s congpiensfunction. Distortion
of performance measurements is therefore another ra¢idoaltying compensation
to variances in corporate practice. | derive these resaltshie second scenario of
post-contractual private information, for which the adoptof variance analysis pro-
cedures and participative budgeting has a more naturapnet@ation. However, since
the general effects of distortion are the same in both gitithe results on variance
investigation apply to the classical multi-task settinghedl, with a slightly different
interpretation of variances.

In a broader sense, my aim is to connect two branches oftliteraone on dis-
tortion in performance measurement, and the other on theolusariance analysis
procedures for incentive contracting. In the first respe, paper is most closely

related to Baker (1992) and Feltham and Xie (1994). Like Bdkawnsider the com-



bined use of output and input data to improve the congruigyssformance measures.
In addition, | consider the role of participation in budgetiand discuss the relation of
performance to accounting data. In this last respect, thbema more closely related
to the work of Feltham and Xie, but they do not consider theaisecounting proce-
dures such as variance analysis. In this regard, | followdayh (1988) and Kloock
and Schiller (1997). Kloock and Schiller describe diffardeacomposition methods
proposed for variance analysis, particularly in the Germ@st accounting literature.
| refer to them when | describe the optimal contract in terfnganiance decomposi-
tion results. Kloock and Schiller present only verbal argats on the use of variance
investigation for incentive purposes. | find evidence suppg their statements in a
guantitative interpretation of the model. Darrough (198&)siders the use of ex post
budgets in splitting the efficiency variance in cost accmgnt Although Darrough
does not explicitly employ an agency model, both her work @k use the agent’s
reaction to his pre-decision information. While in Darroisghaper this information is
publicly observable ex post, in this paper only its impactlmperformance measure
can be used for contracting. Accordingly, in Darrough’sqraam agent would always
choose the first-best input mix, whereas in my model impldgatem depends on the
relation of the principal’s objective and the agent’s parfance measure.

The remainder of the paper is organized as follows. In Se&ja general model
of distorted performance measurement under private irdban is described. Section
3 studies the impact of additional information and the rdleasiance analysis proce-
dures. Section 4 considers participative budgeting, amticde5 draws conclusions

and discusses directions for future research.



2 Distorted performance measurement under privateinformation

To introduce the problem of distorted performance measen¢mnder private infor-
mation, | adapt a model studied by Baker (1992). For this pggpoonsider a risk-
neutral principal hiring a risk-neutral agent to perforneatain task on his behalf. The
agent takes an actione R, which, along with a random variablee [9, 5] C R™,
determines the realization of the principal’s objectWé:, §) = da. By choosinga,
the agent incurs a private coS{a) = a?/2. Thus, maximizing the total surpltis
V — C would requirea = §, equating the marginal produétand the marginal cost
a of the agent’s effort. To study asymmetric information amdafprmance measure
distortion, | assume that cannot be observed by the contracting parties. Only the
agent receives a signale R*, from which he imperfectly infers the realization &f
Up to this point, the setting is a linear-quadratic spedificaof the model studied in
the standard agency theory (Harris and Raviv 1979), for wtoehng to the agent’s
risk-neutrality, a first-best solution could be achievedskeyling the business to the
agent. The agent would use his information to maximize thelitmnal expectation
of V — C, choosing an action’? = E[§ | ¢].

| rule out this trivial case by assuming tHatis not the value of the firm as a whole,
but only the agent’s contribution to the firm’s value, whi@moot be separated from
the remaining assets and sold to the manager. Instead wigste firm, incentives
therefore have to be provided by tying the agent’s compensad a contractible per-
formance measur®. For instance, iV is the value added to a privately traded firm,
P might be some measure of short-term success such as profitlor R

Since such short-term performance may at least partly m@terthe total value

added by the manager, it is evident that we can allow thand P are correlated. |

2\We can focus on the total surplus of the agency because batbguare risk-neutral and no liability
constraints are considered.



do so by assuming th#(a, ¢, v) = ¢a + v, where the sensitivifyof the performance
measure is the agent’s private information The noise termv € R with E[v] = 0
is unobservable to both parties, and ensures that a forongact cannot be written.

Instead, the principal offers a linear payment scheme
S =s0+sP (1)

to the agent. At the time this contract is signed, neither the principal the agent
has information about the realization ¢f and they have common beliefs about its
distribution. Before the agent chooses his action, howeydrecomes observable
to him. From this post-contractual information asymmerghance to improve the
agent’s decision, as well as the problem of distorted perémce measurement, arises.

To see this, first consider a situation in which the agent dm¢bservep. 1g-
norant of ¢, he chooses his action’¥! = sE[¢] to maximize his expected utility
so + sE[P — C] = so + sE[¢]a — a?/2, and the principal can induce an action max-
imizing the expected total surplus[E — C] by settings™! = E[§]/E[¢]. The agent
chooses:™! = E[§], and an expected total surplus diE— C|¥! = E[§]?/2 accrues
to the agency.

Since the agent observes however, he will choose his action according to the
realization of¢ to maximize his expected utility, + sE[P — C | ¢| = ¢a — a?/2.
To account for this, the principal will choose the contraatgmeters to maximize the

expected total surplus

E[V — S | s] = E[da(s) — a(s)?/2] = sE[6¢] — %EW].

3See Banker and Datar (1989) for a definition.

4In general, the principal could make use of the agent’s mftion by offering menus of contracts.
These are analyzed in Section 4. For the time being, asswuahe tannot be communicated, and the
same contract has to be offered for all its realizations.



The optimal contract specified’ = E[§¢]/E[¢?] (cf. Baker 1992), leading to a total

surplus
pr_ E[0¢]?
 2E[¢?

E[V — (] 2)

Comparing the two outcomes yields the first result, concegrthie value of informa-

tion:

Proposition 1 In the risk-neutral agency setting with unobservable ethoid without

communication, the value of information to the agency maydsgtive or negative.

Proof First, assumé and¢ are such that B¢] = 0. Then BV — S|¥1 = 0 <
E[V — S|, and the value of information is negative. On the contrdry) i= d,
for example, BV — S|7T = E[§?]/2 > E[V — S|, and the value of information is

positive. 0

Proposition 1 is a well-known result in the standard agenogeh(Demski 1980,
p. 97f.; Christensen 1981, p. 669ff.). Here, it is assertedvio reasons. First, it
serves as a benchmark for the variance investigation pooesdnalyzed in the next
section. Second, the proof of Proposition 1 shows that# ¢, the full-information
outcome can be achieved. This raises the question as to hogakewrelation of
the two random variables affects the agency’s surplus. B@lE#92) states that it is

determined by the correlation of the two variables. Indé&d@) is written as

PI _ (E[5]E[¢] + Cov[s, ¢])?
2E[¢?] ’

E[V — C] 3)

it is obvious that the surplus is higheriifand¢ show a stronger (positive) correlation.
However, an inspection of (3) also makes it clear that théopsiance measure affects
the agency’s surplus not only by its correlation to the firmedue, but also by its

absolute level. This may be illustrated by the following rexde.
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Example Let the marginal product be uniformly distributed on the unit interval
[0,1] and the performance measure’s sensitivityghe- h + J, whereh € R* is a
constant known to both contracting parties. Obviousgnde are perfectly correlated.
The expected total surplu§E — C|N¥! = (2 + 3h)%/(12 + 36h + 36h?), however,
depends on the value &f It is equal to the full-information solution it = 0, and

approaches the no-information solution for- cc. a

On first glance, the example seems to conflict with Baker's 2) 88sult that if the
marginal products o¥ and P are perfectly correlated and have the same variance—
as is the case in the example—the first-best solution is dxdai The discrepancy
arises from the fact that Baker normalizes the performancesuore with respect to
its marginal product, such that, translated to the presemteis and ¢ would have
the same expectation. Demanding this in the above examphever, would lead to
0 = ¢, in which case the first-best solution is obviously obtained

¢, From an accounting perspective, the example may well bepirgted in terms of
the controllability principle. Since the agent at leasttlyazontrols the variablé?, he
is held responsible for it, especially because he obtaiosviadge of uncontrollable
effectsbeforebe chooses his action. This accounts for a refinement of theatiabil-
ity principle, stating that managers should be held resptetor those numbers they
are supposed to pay attention to (cf. Merchant and Van dele@03, p. 464). Since
the principal wishes the agent to account for his privatermgtiong, the performance
measureP is of particular value for incentive purposes. The extentdach it is used,
however, depends on the impact/gfoecauseé. is neither controlled by the agent nor
is it predictive of the economic outcomeé Thus, to focus the agent’s attention on the
value-relevant parts of his measured performance, theipehwould be interested in

filtering outh. In the next section, variance analysis is introduced asargédevice



for this purpose.

3 Useof additional input information and variance analysis

The above example shows that a performance measure may bst amiueless, even
if it is perfectly correlated with the principal’s objectiv The reason for this counter-
intuitive result is that although the incentive contractiidoaccount for any variation
in the marginal produci (this would be done by fixing = 1), the principal will not
make use of this opportunity because the absolute levelfoftefould be too high.
Consequently, he will choose a lower level of incentives,alvhobviously will not
fully account for the possible variations &f

To adjust the absolute level of effort, the contract has tmiporate additional
information related to the agent’s inpatinstead of the output numbé?. Such in-
formation is frequently considered in variance invest@aprocedures, which try to
explain deviations between budgeted and realized outpuibets by incorporating
additional input information. In the present setting, tifeedenceAP = PF — PB of
the realized valu@’® and the budgeted amouRf of the performance measure could
be splitinto a componenk? P due to the variation af, and a componenk®P due to

the deviation of:,

AP = PR — PP = (PP — ¢Pa") + (¢%a" — ¢”a”), (@)

AP P Aep

where the superscripf3 and R refer to the budgets and realizations, respectively.
To conduct this decomposition, a measure of the agent’s imgrds to be available.

For simplicity, assume thatis observed by the contracting parties and can be used for

5The realized value o cannot enter the calculation, singecannot be observed by the principal.
Instead, it is implicitly inferred fron by the residual deviatio?® — 5, which cannot be explained
by the deviation ofi.

10



performance evaluatich.Under the linearity assumption, the compensation contract
becomes

S =59+ sia+ soP. (5)

The agent’s action under this contract will b, s2) = s1 + s2¢, which enables the

principal to control the absolute level of effort. In the iopal contract, he will fix

_ _ Covj4, ]
S1 = E[(S] — 82E[¢] and S = W (6)

This allows us to write the agent’s compensation in the form

S = 59+ E[d]a + %@]@ (P — E[¢]a) . (7)

Owing to the assumption of a two-piece-rate contract, then@ compensation
can of course be written as a function of some variance. The mteresting question
is how (7) relates to the variance decomposition describgd), and how this pro-
cedure corresponds to the controllability principle. Tal@$s these issues, we write
a = a® for the realized action and také® = E[¢] as the budgeted value ¢f as
suggested in the literature (Booth and Willett 1997):

Covig, ¢]
S = 50+ E[0]a" — (P —¢"ad").
so + E[d]a™ + varid| ( a)
Thus, the agent is held responsible for the variance dueuiattns of». The con-
trollability principle, in contrast, would demand respihility for the measures that

the agent caontrol (cf. Merchant and Van der Stede 2003, p. 30). On first glance,

this is primarily the variance due to deviatiofl — a” of effort, which can be included

5More generally, we could consider a noisy measdire: a + ¢ of the agent’s input. Owing to the
agent’s risk-neutrality, however, this would not affeat tlesults of the paper.
’See Appendix B.1.
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in the compensation scheme by expanding the first varialote pa

S = so+E[]a” + (E[o]a” - E[o]a”) + %ﬁ (PF - ¢Pa")
E[5]

B B _R B B C 57¢ R B _R
= (s0 + E[d]a )+E[¢] (67a" — ¢”a ))+%(P —¢"a). (8)

I N —" N————
So > AepP ™ APP
S1 52

In examining (8), we see that the agent is held responsibledth special vari-
ances AP and A?P. Does this contradict the controllability principle? Thgeat
obviously controlsA®P because it is the variance assigned to the deviatiarf @ind
a®. However, he also control&® P, since it is computed based on ttemlizedeffort
level. The first piece ratg;, motivates the agent to choose the optieatragelevel
of effort, whereas the second part ensures optimizationsogffort profile. Focusing
on the effort profile highlights the importance of the refiroaahtrollability principle,
which has already been emphasized in Section 2: since theial wants the agent
to care about his pre-decision informatignit is necessary to incorporate the second
variance into the compensation contract. By variance deositipn, the desired ef-
fect can be delineated from the basic incentive, which wamsgible under the initial
contract based oR. This clarifies the particular value of the variance anatyky de-
composition of variances, the principal is able to fine-ttineecompensation contract,
stipulating different piece rates for the two variances.

The result is also in line with the informativeness prinejgdut this requires a com-
prehensive definition of what information the principalasking for. Of course, once
a has been observed, the performance meaByseovides no additional information
with respect to the agent’s action. It is nevertheless u$eficontracting because the
principal is not interested in implementing a certéiixed effort level, but the effort

level that is optimal under the agent’s private informatianTherefore, even if the

12



principal observes the agent’s actionhe is still interested in inferring whether the
action chosen is the one most suitable to maximize the eggéatal surplus. For this
purpose, information on bothand¢ is needed, which is provided layand P.

The approach described conforms to the accounting literaio variance inves-
tigation as well. In general, the variance decompositiothae complies with those
proposed in management accounting textbooks, for instdrgcerice and efficiency
variances in cost accounting (Horngren et al. 2006, p. 227fore specifically,
Kloock and Schiller (1997, p. 317) state that variances adgegbon a budgeted ba-
sis are capable of creating proeranteincentives. As mentioned above, this ex ante
perspective is covered ky* P. From anex posperspective, realized amounts are con-
sidered advantageous, since they provide relevant infosméor planning purposes.
This is fulfilled by the second variance. However, while tloeventional argument
refers tofuture planning periodsn this respect, planning in the present model con-
cerns the agent’s action in tlarrent period The realized effort is used to quantify
the (expected) benefits arising from deviations jmotivating him to choose the right
action.

Once we have shown that variance analysis procedures egpr@proper instru-
ment to implement the second-best solution in the presedemwe can turn to the
guestion of whether the inclusion of input information ress the issue raised in
Proposition 1, namely that the value of an informed agent beapegative. For this
purpose, consider the agent's actioff = s; + s,¢ resulting from the contract (5)
with variance investigation. Obviously, the optimal antie*’ = E[J] of an unin-
formed agent is readily obtained by choosiig= E[d] ands, = 0, and the ambiguity

of Proposition 1 disappears.

Proposition 2 In the risk-neutral agency setting with observable effdrg value of

information to the agency is non-negative.

13



Proof Obvious from the above considerations.

My next goal is to derive the conditions under which optimigrament is achieved.

For this purpose, compare the action

Covjs, 9]

() = B+ < (@~ EW9) ©)

resulting from the second-best contract (7) to the first-beiona® = E[§ | ¢],

as given in Section 2. Obviously, the latter can be impleeety a simple linear
contract of the form (1) (without observation @f only if the expected value of is
proportionate tap. With observation ofi, there is an additional degree of freedom in
the compensation scheme. Scheme (7) will align the intecéshe agent and principal

if (9) is the conditional expectation of giveng.

Proposition 3 In the risk-neutral agency setting with observable efforfjrst-best
solution can be obtained by a linear contract if the conditibexpectation of the
agent’s marginal produci is a linear function of the sensitivity to his performance

measure.

Proof If the expected value of, given ¢, is a linear function ofp, there exist
A1, A2 € Rsuchthat B | ¢] = A\ + A0 for all realizations ofp. Using a linear
contract of the form (7), the agent choosé®) = s,E[¢] + s (¢ — E[¢]). Thus,
settingss = A\ ands; = Ay + \;/E[¢] yields the first-best actiown™ = E[0 | ¢|. O

If the conditional expectation afis a linear function of, can it be replicated by a

linear contract. A sufficient (but not necessary) condition for the linearéguirement

8We could look for distributions that meet this condition albw for the first-best solution. This
is obviously the case for all distributions meeting the dineonditional expectation. A well-known
example is the class of elliptical distributions, of whidtetnormal distribution is a special case. A
larger class is the Pearson family (see Wei et al. 1999 faildit Beyond this, discrete distributions
that fulfil the requirement can also be constructed.

14



is perfect correlation ob and ¢, in which case itself is a linear function oty by
definition. Moreover, under perfect correlation the firssboutcome is identical to

the full-information outcome, where the principal has petknowledge ob.

Corrollary 1 If § and¢ are perfectly correlated in the risk-neutral agency seftivith

observable effort, the full-information solution can beaibed by a linear contract.

Proof Under perfect correlation, a linear relation= \; + \;¢ holds for some
A1, A2 € R and all realizations of and¢. Settingse = Ay ands; = As + A\ E[¢)]

inducesa = ¢, which yields the full-information solution.

Corollary 1 is a special case of Proposition 3. Under perfeatetation,y can
be inferred unambiguously from, and symmetric information is equivalent to full
information. Thus, it seems obvious that, contrary to thenggle of Section 2, the
correlation ofé and ¢ has a positive impact on the principal’'s benefit, at leadhef t
conditions of Proposition 1 are fulfilled. To analyze thisgeneral, we denote the
correlation ofy and¢ by p. The agent’s action (9) under the two-piece-rate contract

(7) can then be written as

Varl[d]

a’! = E[6] + Varo)

(¢ — E[9]).-

By substitution of this term in the principal’'s objective fition, the expected total
surplus becomés

E[V — V! = % (E[o]? + p*Var[3]) (10)

A comparison of (10) and (3) reveals that, contrary to theasibn without observable

effort, the performance measure now affects the agencydusuonly by the correla-

9See Appendix B.2.
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tion of ) and¢. The latter therefore perfectly indicates the quality ofeafgprmance

measure for a linear contract.

Proposition 4 In the risk-neutral agency setting with observable effdrg agency’s
surplus is increasing in the correlation between the agemizgginal products and

the sensitivityy of his performance measure.

Proof Obvious from Eg. (10).

Proposition 4 condenses the insight that in the risk-neagiancy with distorted
performance measurement, dealing with the agent’s privédemation is merely a
matter of inferring his marginal product from the sensitivf the performance mea-
sure applied. Observing the agent’s effort enables theipahto use a linear regres-

sion, where the correlation coefficient indicates the dyali the inference.

4 Participative budgeting

So far | have assumed that the agent’s private informationa@igbe communicated to
the principal because of timing effects or limited inforimatchannels. Without this

restriction, an obvious device to improve effort allocatie the agent’s participation
in budgeting. In economic terms, this corresponds to affed menu of contracts to
the agent. In this respect, most of the literature has fezles the tradeoff of infor-

mation rents and inefficiencies of allocation (cf. Antle &mpen 1988 and Antle and
Fellingham 1990 as the most prominent examples). Sinceeirptesent model the
agent is risk-neutral and acquires private informatiory@fler he has signed the con-
tract, however, implementation is without an additionadtdmecause any information
rent can be extracted by an upfront payment. The problenefibver reduces to the

guestion of whether a certain action profile is implemermabl

16



A well-known result in this respect is that undgtimal contracting, using a menu
of contracts is of no value compared to a single contractafafent’s action and his
private information unambiguously determine the outcoexeept for additive noise
(Melumad and Reichelstein 1989; Caillaud et al. 1992). In ttesgnt model, how-
ever, contract design is restricted in two respects. Hitgtye confined myself to the
analysis of linear contracts, which is generally not be bégpaf mimicking the allo-
cation of a menu of contracts? Second, in contrast to the above results, the contract
can only be written on the distorted performance measyrehich further restricts
the design of incentives. Hence, although the agent’s peence is determined by
his actiona and private informatior, and is only perturbed by white noisemenus
of contracts may help to make further use of his knowledge of

The extent to which the agent’s private information can belated depends on
what the principal can observe. dfis observable, the first-best solution can easily be
achieved by prescribing the first-best effoft)) = E[§ | ¢] for any announced level
of ¢, thereby compensating the agent for the resulting costfoftefThis eliminates
the moral hazard problem, and budget participation beconsgsly a matter of elicit-
ing the agent’s private information, which can be achiewed mechanism according
to Osband and Reichelstein (1985), in which deviations ofjetetl and realized per-

formance are punished by a convex incentive schéme

~ ~

S(P,P)=I1(P)+I(P)[P - P], (11)

whereP = g%a(gz@) denotes the budgeted performance, &ndis an arbitrary convex

105ych a contract would be the upper envelope of contingentamis, which will hardly be linear.

Another well-known mechanism is that proposed by Weitzmi&@76). Unlike the scheme of Os-
band and Reichelstein, however, the Weitzman scheme wewdsa quantile of the distribution ¢f
instead of its expectation.

17



function!? Such penalties again introduce the structure of varianatysis into the
contract, but as a means of disciplining the agent in padicie budgeting rather than
inferring the agent’s private information, as in the franoekwvithout communication.
If a cannot be contracted on, the problems of moral hazard avat@information
cannot be separated, and a more subtle contract has to be Agagh, the agent
will not earn an informational rent because he obtains peivaformation only after
contracting. However, the first-best solution can only beexed if certain regularities
are met. To examine this subject, | confine myself to the amalyf menus ofinear
contracts, following my previous analysis of cases withcammunication. For a
linear contraciS(P, ¢) = so(¢) + s1(¢) P, conditional to the announced valaef the

agent’s private information, the agent will choose an effevel a(¢) = s1(¢)¢, and

his expected utility under this action choice is given by

W(.6) = EU(s(d). 51(8). 0)] = s0(@) + 102

For this indirect utility, the problem can be analyzed ugheystandard model of mech-
anism design (Salanie 1997, p. 26ff.; Fudenberg and Tire®d 1p. 2571f.). A famil-
iar result is that if the marginal rate of substitution betwehe allocation (in this case
s1(¢)) and transferg,(¢)) has a constant sign (the so-called single-crossing dngort
condition) and is bounded for all transfers, any non-desinggnon-increasing allo-
cation is implementable—depending on the sign of the spitiondition (Guesnerie
and Laffont 1984, Theorem 2). Under an increasing allooatj-), for example, the

agent must be willing to pay more (i.e. to accept higher cutki$ base salary) for

an increase in his sharg if he observes higher values of Then, different types

12Since P is distorted by white noise, the agent in this case has to bwensated for the expected
punishment under truthful reporting. Due to the agentk-risutrality, such sanctions are free of cost
to the principal.
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of agents can be separated by offering larger variable paigrier higher-sensitivity
products and making the agent pay for this priviletfe.

Based on this rationale, it can be studied under which canmditihe first-best
allocation can be induced, and what type of contract resths first issue reduces to
the question of whether the regularity conditions are mette first-best effort level

"B = E[5 | 4.

Proposition 5 In the risk-neutral agency setting without observable e¢ffthre first-
best action can be implemented by a menu of linear contrddEi | ¢|/¢ is an

increasing function od.
Proof See Appendix A.

Proposition 5 proves that the first-best action can be irdlif¢cbe respective share
parameter! is an increasing function of the agent’s informationThat is, not only
should a higher effort be optimal for higher levels@fbut it also needs to be im-
plemented by a higher share Bf'* A decreasing first-best allocation is not imple-
mentable because the agent would always pretend to be ofifyipespective of his
observation.

Separation of agents also does not happendif| | /¢ is constant, in which case
the same contract is offered for all announced values éfs is easily seen, this refers
to a situation where & | ¢| is proportionate tay, and the first-best action can be
induced by a single linear contract (see Section 23! 1§ strictly increasing, the first-

best allocation can be induced by a revelation mechanishdiberiminates between

BFor a decreasing allocation, this logic has to be reversed.
YThis limitation arises because the sorting condition isagisvfulfilled in its positiveform, as de-
scribed above.
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types. The corresponding menu of linear contracts is giyén b

~

SG) = 86+ 8P
- Wieo)+ [ E Ry B B (p g5 4y

Again, the last term exhibits a variance structure, which ftather be clarified by

fixing budgets)® = ¢ anda® = E[§ | ¢]:

6" E[5 | o2 a2
S =wieo)+ [0 g T ) [P ane]. @2)
effort Compensation variance anaIyS|S term

revelation term

The budget?” is set by the agent, yielding the budgeted eftdtt= E[0 | ¢”] in a
prespecified way. Under truthful reporting, the varianeetbas an expected value of
zero, and the agent will be compensated for his disutilitgfédrt. To achieve truth-
telling, higher values ob have to yield higher utilities, which is guaranteed by the
revelation term on the left. Finally, the base saldry¢, ¢) for the least profitable type
¢ is fixed to provide the agent’s reservation utility. The stwe of the compensation
contract shows that, in contrast to the setting with obddevaffort and no communi-
cation, the agent is made responsible for the whole devidtie- a?¢? = P — PP of
realized and budgeted performance, without any distinatidghe magnitude of incen-
tives. Different rates for different special variances moenecessary under participa-
tive budgeting because the agent’s private informatioavealed by his choice among
the contracts offered. The average level of effort, as weltadistinction according
to the marginal product, is controlled in a single step. Gtheeagent has committed

to a certain budget, the total variance suffices to ensutehavill not differ from

the corresponding action. This is well in line with the cofiability principle: since

15See Appendix B.3.
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the agent observes and fixes the budgeP? = ¢Za® by announcings?, he fully
controls the deviatio® — P53, except for the additive noise. Since the latter cannot be
factored out, rewarding® — P? is the best the principal can do if he does not observe
a.

By comparison of (12) to the incentive scheme (11) with olealey effort, the
benefits from additional input information become obvioathough both schemes
exhibit a similar structure$? is limited because, contrary to (11), in (12) it does not
suffice to punish deviation by an arbitrary increasing fiorct'(-). The share parame-
ter also has to induce the first-best action, which underrebbte effort is achieved by
a forcing contract. With unobservable effort, the contizas to serve two purposes,
which—as Proposition 5 shows—can only be brought in linecnértain conditions.
Thus, at least with regard to the first-best allocation, theeovation ofa will be of
value whenever the requirement of Proposition 5 is not fetfil

Finally, to return to the starting point of this section, weeghat, in contrast to
the classical models on communication in agencies (MeluanadReichelstein 1989;
Caillaud and Guesnerie 1992), budget participation may lveetif value in the present
model, despite its simple informational assumptions: witkervable effort, commu-
nication is of value whenever the requirements of Propmsid are not met. Without
this input information, Proposition 5 shows that commutiazais of value if the first-
best action is implemented in a separating equilibrium.sThghlights the fact that
performance measure distortion substantially limits tbe af participative budgeting:
if budgets refer td/ instead ofP, implementing the first-best solution would of course
not be an issue. Thus, the restriction to linear contractseaivould not warrant the
use of participative budgeting, which is only of value undestorted performance

measurement.
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5 Conclusion

This paper has analyzed the role of variance investigatioogaures in mitigating the
problem of effort misallocation in an agency setting witktdrted performance mea-
surement. It was shown that variance analysis improvesytimal linear contract in
most cases for which the performance measure is not in litrettwe principal’s objec-
tive. By application of variance investigation, the quabfiya particular performance
measure for a privately informed agent can be quantifiedgutsia correlation of its
marginal product and that of the principal’s objective. S8pkvariances have a natural
interpretation in this setting: they quantify the expedesiation from the principal’s
objective, given a performance measure deviation. Usinatiens instead of total
amounts, the effects of measured performance can be treshstdo value effects.
Thus, the objectives of the principal and agent can be aigireecompensation.

If the agent can communicate his private information, pgoétive budgeting changes
the role of variance analysis. While under top-down budgetie agent is held respon-
sible for the two variances to different extents, underipigation he bears responsi-
bility for the overall deviation of realized and budgetedfpemance. Such complete
stewardship, however, is feasible only under certain ¢erdi. Otherwise, additional
information on the agent’s input may be used to achieve cetagllignment.

The results of this paper can be related to the recent discuskstrategic perfor-
mance measurement. My starting point was the exclusive fuseamcial accounting
measures, which have been considered incongruent wittotigeterm objectives of
the firm. In this paper, traditional accounting practicemnely variance analysis and
participative budgeting, have been proven capable ofialierg this incongruity. It
was found that variance analysis particularly helps inagituns in which the agent’s

marginal products are strongly correlated with the sensés of the (retrospective)
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accounting measures.

Such correlation occurs in situations in which a managenjgact on the firm’s
long-term objectives can be separated into an undirecfedte€lated to the absolute
level of his activities and a directed effgmbportionalto his short-term objectives (in-
cluding profit). Taking into account that current profit isiaherent part of the firm’s
overall financial objective, such situations may best berilesd by a stable environ-
ment, in which current opportunitieg) represent a good predictor of the long-term
prospects of success)( or a business with little strategic focus, in which the f&m
long-term objectives mainly depend on the absolute levéi®@imanager’s current ac-
tivities, but there is no concrete plan describing how tHsreshould best be allocated.

None of these scenarios fully complies with the competgimeironment for which
strategic measurement systems are proposed. Thereferesthits of the paper do not
overcome the necessity for additional (non-financial) raesssto align the objectives
of organizational members with the firm’s strategy. Theheatprovide evidence for

situations in which their application appears to be lessrags.

A Proof of Proposition 5

Let s1(¢) be the allocation to be implemented. A necessary and sufficiendition

for s; to be implementable is

(@) = (2s1(0)¢) —=(¢) =0, (A.1)

=0 ¢

82 81(é>2¢2 dSl
Ds10¢ 2 do

meaning that the sensitivity produgtaffects the agent’s marginal utility from an in-
crease irs; in a systematic way (Salanie 1997, p. 30). The sorting canmdiequires
that the cross-derivative in (A.1) is positive(*") or negative §C~) for all ¢. Un-

der the additional assumption that the cross-derivatigenialler thanky, + K |sg| for
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someK,, K; € R and all¢, any non-decreasing (fa&#C'") or non-increasing (for
SC™) allocation is implementable (Guesnerie and Laffont 198¥%orem 2).

The second regularity condition is met because the suppbtisth ¢ andé are
bounded. Therefore, substitution of the first-best sharameters?(¢) = E[6 | ¢]/¢
in (A.1) yields

o dst o d (E6 )
(2st010) o) =265 ol (5214 ) >0 (2)

as a necessary condition for the first-best solution to bdementable. Since by
assumption the marginal produicof the agent’s action is positive, the same holds for
its expectation B | ¢]. Thus, the sorting conditiof'S™ is always met, and condition

(A.2) reduces to

d (€656
%( ? )20’ (A3)

where the desired allocation is non-decreasing in the agafdrmation¢. Due to the
sorting conditionC'S*, condition (A.3) is also sufficient for implementation (Siaie

1997, p. 31).

B Further computations

B.1 Contract parameters (6)

Based onP anda, a linear contract is of the forri = sq + s1a + s P, resulting in
an action choice(¢) = s; + so¢. Substituting this into the principal’s objective of

maximizing total surplus
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yields the optimization problem

2

mmaV—ﬂ:s£m+@awyig—a@aw—§a&y

51,52

From the first-order conditions

OE|V — S

% = E[d] — 51 — s2E[¢] =
and

w = E[0¢] — s1E[¢] — s2E[¢*] = 0
2
| derive
E[6¢] — E[S]E Covjo
s1 = E[0] — s:E[¢] and sy = Lﬁﬂ__ééﬁf}_ ¢2ﬁ£ﬂ

for the optimal values of, ands,, respectively, which coincides with (7). .

B.2 Expected surplus from a contract with two piece rates

The agent’s incentive constraint yields

a* = s1+ s20 = E[0] + 52 (¢ — E[9])
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where | use the fact that, = E[0] — s;E[¢]. Substituting this into the gross profit

yields

*) 2
V-C = (5a*—(a2)

= 0[s1+ 520] + ls1 + 520 +252¢]2
[E[] + 52 (6 — E[e])”

2

= O[E[6] + 52 (¢ — E[¢])] —
Computation of expectations gives

E[V —C] = E[0)* + s:E[0¢ — E[¢]]
_ % (5[5]2 + 25,E[6]E[¢ — E[¢]] + s2E[¢p — E[W)

— %E[é]Q + 59,COV[0, ¢] — %s%Var[cb]-

Substitution ofs, = 2424l yields

Var(¢]
EV - 0] = %E[é]Q + C\?;’E‘[Ef] Cov[s, ] — %%wm
_ % (EW + %) = % (E[0]? + p*Var[3])

B.3 Derivation of the revelation mechanism

The agent’s marginal utility under truth-telling aslis given by®

E[6 | ¢*
o

d 0 ~ 0 2
257 (6.9) = 5o W(6,0) = (s1(9)) ¢ =

16For the following, cf. Salanie (1997) p. 33f.
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From this, | can derive the utility

W(6.0) =W(0.0)+ [ d’E[%f”Pdso

for an agent of type, which yields the required fixed payment

B0) = W0 - 102
- wiso+ [ ELL LS

Finally, W (¢, ¢) is chosen to meet the agent’s participation constraint. réeelting

total compensatiol(¢) = si(¢) + sI(¢) is

SU0) = s5(¢) +59(0)

T @ ¢
= wis.o)+ [E g, BOLE B g5 g
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