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Abstract

This study examines optimal performance measures under moral hazard where a risk neutral agent with limited liability is assigned two interdependent tasks. Task interdependency, or complementarity, is captured by assuming that when the agent provides high effort on one task, it either increases or decreases the probability of success on a second task. Two performance measures are considered, disaggregate and aggregate. The relative benefit of aggregate performance measures derives from the agent’s uncertainty about compensation when performing the second task. The relative benefit of disaggregate measures derives because it produces more information about the agent’s actions on each task. The comparative advantage of aggregate measures is maximized for relatively independent tasks and diminishes with strong complementarity in either direction. Endogenous task assignment is then explored. The principal can bundle the two tasks together and assign them to a single agent, maintaining the effects of task complementarity, or unbundle the tasks and assign each to a different agent, eliminating the effect of task complementarity. The tendency to avoid negative task complementarity increases the conditional likelihood that the principal prefers aggregate performance measures.
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1. Introduction and literature review

Accounting information systems may be characterized by the extent to which they aggregate financial data. For example, an organization’s accounting system may provide users with daily, monthly, or annual sales data. Similarly, its accounting system may report manufacturing costs for individual jobs, for batches of jobs, or across all batches. It is generally agreed that some level of aggregation is desirable, due to the enormity of the data produced by accounting information systems and the limited cognitive resources of users. From this perspective, the benefit of aggregation is it alleviates cognitive strain on users, while the cost of aggregation is it suppresses information that might be useful in evaluating the financial state of the entity. Accountants choose a level of aggregation that balances these costs and benefits. Inherent in this view of aggregation is that accounting information is used to make inferences about economic conditions or events and to facilitate decision-making.

A complementary use of accounting information is as a component of the performance evaluation of employees. Employee compensation often depends explicitly or implicitly on accounting measures of performance. Employees must therefore anticipate how their decisions will affect the accounting performance measures, given these measures affect their compensation. Employers, for their part, must consider the performance measures the accounting system will generate and how these performance measures can be used to affect employee behavior. Thus, contractual arrangements and accounting system design are intertwined. 

Aggregation issues related to performance measurement naturally arise when employees perform multiple tasks. Several studies have shown that the manner in which the accounting information systems report the outcomes on multiple tasks, both with respect to aggregation and timing, has profound effects on the compensation necessary to motivate employees (Arya, Glover and Liang, 2004 (AGL); Demski, 1997; Gigler and Hemmer, 2002 (GH)). Important questions addressed in this line of research are whether to aggregate outcomes related to multiple tasks into a single datum and whether to reveal prior task outcomes at the time a task is undertaken.

This paper builds on prior research by examining optimal performance measurement in a somewhat richer managerial control setting than has been studied previously. Both AGL and GH examine performance measurement under an assumption that tasks are independent — that is, the agent’s effort level on one task does not affect the productivity of effort on the other. The independent task setting can be viewed as a special case, and is a logical starting point for the investigation of aggregation. However, it is quite plausible that effort provided on one task affects performance on a subsequent task. For example, an employee may obtain information or an improvement in skill from exerting effort on a task, which can then beneficially affect performance on a subsequent task — we call this case positive complementarity. On the other hand, fatigue, distraction or disillusionment arising from exerting effort on an earlier task, can adversely affect performance on a subsequent task— we call this negative complementarity.
 In our analysis we consider both positive and negative interactions between the tasks.

For two reasons we perform our primary analysis assuming that task assignment is exogenous. First, it is often the case that employers are constrained in their ability to assign tasks to employees due to contractual agreements, resource limitations, internal controls or other organizational concerns. Second, to the extent that task assignment is endogenous, we maintain that the productivity aspects of task complementarity, rather than the control aspects, are of first-order importance in the task assignment decisions of employers. We do, however, address endogenous task assignment in an extension of the model.

We conduct our analysis by constructing a parsimonious model that captures the central features of aggregation and task complementarity. A principal assigns two sequential tasks to an agent. Effort on the first task affects the probability distribution of outcomes on both the first and second task, while effort on the second task affects only the second task outcome. This is consistent with the Zhang (2003) analysis of optimal task assignment under an aggregate information system and positive complementarity. We modify Zhang’s approach by assuming contracting frictions arise from a risk neutral principal employing a risk neutral agent with limited liability, rather than her assumption of a square root utility function for the agent. This modification substantially simplifies the analysis without much loss of generality and also avoids the second order effects that follow from assuming square root utility. We also maintain the assumption that any information produced becomes instantly available to both parties, consistent with AGL and GH.

Within this model we study two performance measurement regimes. In the aggregate regime (AGG), the accounting system keeps track of only the sum of outcomes related to the tasks, so the agent’s compensation can only depend on a single datum. Under this regime, neither the agent nor the principal learn anything about the first task outcome at the time the second task is undertaken. In the disaggregate regime (DISAGG), the accounting system keeps track of individual outcomes, so the agent’s compensation can depend on the individual task outcomes. Under this regime the first task outcome becomes available prior to the second task.

Within this general framework, the benefit of AGG relative to DISAGG is it is less costly to provide incentives for high effort, because the agent is uncertain about first-task performance when choosing second-task effort. That is, the principal does not have to provide incentives for high effort on the second task for each possible realization of the first task outcome. The benefit of DISAGG relative to AGG is that there is more information upon which to contract. DISAGG allows the principal to fine-tune the incentives so as to differentially reward individual task performance. 

Our analysis yields three significant results. First, the benefits of aggregation are maximized for relatively independent tasks; aggregation becomes less beneficial with strong task complementarity in either direction. This result obtains because strong task complementarity, positive or negative, focuses the incentive problem on a single task, which is difficult to address with aggregated measures. Second, the effects of complementarity are asymmetric, with negative complementarity decreasing the benefit of aggregation more than positive complementarity. This occurs because negative complementarity introduces an inherent conflict in the aggregate incentive scheme — effort on the first task hinders success on the second task, yet only joint success is rewarded by the principal. Third, endogenous task assignment increases the conditional likelihood that bundled tasks would be accompanied by an aggregated accounting system. This result is driven by the principal’s desire to avoid the deleterious incentive effects associated with negative task complementarity. Taken together, our results indicate that the choice of performance measurement systems is highly dependent on the manner in which tasks interact, with the relevance of the results supported by the ubiquity of task complementarity (Brickley, Smith and Zimmerman, 2001; Milgrom and Roberts, 1992).

The remainder of this paper is organized as follows. Section two assumes two tasks are assigned to the same agent and describes the AGG and DISAGG regimes. Section three derives optimal contracts within each of these performance measurement systems. Section four provides conditions for AGG or DISAGG to be preferred. Section five treats task assignment as endogenous and derives conditions under which the principal prefers to unbundle the tasks and assign them to two different agents. Section six concludes the paper.

2. Basic Model

A risk neutral principal contracts with a risk neutral agent who must receive non-negative payments from the principal.
 The agent is assigned two identical tasks, where the tasks are performed sequentially. On each task the agent chooses an effort level H or L. We assume on each task the agent incurs an additive private cost, where the cost of H is cH > 0 and the cost of L is cL = 0. The principal never observes the agent’s effort level on either task. Let e = {j, k} be the agent’s effort on the first and second task, respectively, j, k = H, L. We assume high effort is sufficiently productive that the principal wishes to motivate H on both tasks.

Corresponding to each task i is a performance measure, or outcome, xi ( {0,X}. The performance measure can be interpreted as an accounting number or the value of output. The possible outcomes on the first and second tasks are denoted {0,0}, {0,X}, {X,0} and {X,X}. The probability distribution of outcomes on the first task is solely a function of the first task action: P(x1=X|{H,H}) = P(x1=X|{H,L}) = a and P(x1=X|{L,H}) = P(x1=X|{L,L}) = pa, where p ( (0, 1).
 Thus, the probability of success (X) on the first task is decreased if the agent chooses L rather than H. Interaction between the tasks is modeled as in Zhang (2003), by assuming the probability of success on the second task is affected by a proportionality factor  > 0 if and only if the agent chooses H on the first task. Thus, P(x2=X|{H,H}) = a and P(x2=X|{H,L}) = pa but P(x2=X|{L,H}) = a and P(x2=X|{L,L}) = pa. We refer to the tasks as positive complements when  > 1, independent when  = 1, and negative complements when  < 1. To preserve a valid and interesting probability structure, we assume a ( (0, 1), and p <  < 1/a. For simplicity, we assume the individual task outcomes are statistically independent given the action. The joint probability structure is summarized as follows.

[Insert Table 1 about here.]
We study two performance measurement systems: DISAGG (disaggregate performance measurement) and AGG (aggregate performance measurement). In DISAGG, the accounting system tracks performance on the individual tasks, and so leads to four potential jointly observable outcomes:{0,0}, {0,X}, {X,0} and {X,X}. Here, the agent’s pay is denoted by sij where outcomes i, j = 0, X occur on the first and second task, respectively. We further assume that, once tracked, the information becomes immediately available to both the principal and agent. This means the agent is aware of the first task outcome before undertaking the second task.

In AGG, the accounting system only tracks the aggregate outcome which, given our assumptions, is 0, X, or 2X. Aggregation destroys information, in that one cannot distinguish between the outcomes {X,0} and {0,X}. The conditional probabilities on observable outcomes under AGG given actions i and j on the first and second tasks, respectively, are P(0|j,k) = P(0, 0|j,k), P(X|j,k) = P(0,X|j,k) + P(X,0|j,k) and P(2X|j,k) = P(X,X|j,k). The limited information is reflected by assuming the principal must set s0X = sX0. We emphasize that, because under AGG individual performance measures are not tracked, the agent never sees the individual components of the performance measure. This is important, because it implies the agent does not know the performance outcome on the first task while undertaking the second task.
.

We summarize the model in the timeline below.

1. Principal chooses either DISAGG or AGG.

2. Under DISAGG, the principal chooses non-negative values for s00, s0X, sX0, and sXX. Under AGG, the principal is additionally restricted to set s0X = sX0.
3. The agent chooses an action corresponding to the first task.
4. In DISAGG only, the agent observes the output related to the first task.
5. The agent chooses an action corresponding to the second task.
6. Under DISAGG the principal and agent observe performance on the first task (x1) and performance on the second task (x2) and compensates the agent. Under AGG the principal and agent observe total performance (x1 + x2) and compensates the agent.
3. Optimal contracts

3.1 Aggregate performance measurement 

The principal's program to minimize expected compensation and motivate {H,H} under AGG, denoted (AGG), is as follows.

Program (AGG):


[image: image1.wmf]XX

X

X

s

s

s

s

Min

,

,

,

0

0

00



[image: image2.wmf]}]

,

{

|

[

H

H

s

E




subject to: 

[image: image3.wmf]}]

,

{

|

[

H

H

s

E

- 2cH
≥ 0

(P)


[image: image4.wmf]}]

,

{

|

[

H

H

s

E

- 2cH
≥ 
[image: image5.wmf]}]

,

{

|

[

L

H

s

E

 - cH
(HL)


[image: image6.wmf]}]

,

{

|

[

H

H

s

E

- 2cH
≥ 
[image: image7.wmf]}]

,

{

|

[

L

L

s

E


(LL)


[image: image8.wmf]}]

,

{

|

[

H

H

s

E

- 2cH
≥ 
[image: image9.wmf]}]

,

{

|

[

H

L

s

E

 - cH
(LH)

sX0 -
s0X 
( 0

(S1)
s0X -
sX0 
( 0

(S2)
si 
≥ 0, i = 0, X, 2X
Program (AGG) assumes the agent is willing to accept employment with the principal as long as his or her expected utility is non-negative. The incentive constraints (HL), (LL), and (LH), ensure that the agent prefers to work hard on both tasks. The (S1) and (S2) constraints taken together imply that sX0 = s0X, which reflects the loss of information that occurs under AGG.
 Below we present the solution to the AGG program in Proposition 1 and comparative statics on p and in Corollary 1.

Proposition 1: Let ij be the multiplier on incentive compatibility constraint (ij). Then under AGG an optimal solution exists, and is as follows.

	Region
	Solution (Non-zero variables)
	E[s]

	I:
p2 – (2p - 1) ( 0


(=>  > 1 and p > ½)
	HL > 0
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	LH , S2 > 0

[image: image15.wmf]ú

û

ù

ê

ë

é

-

g

=

)

(

1

2

p

a

c

s

H

XX


	
[image: image16.wmf]ú

û

ù

ê

ë

é

-

g

g

p

c

H





Proof: See Appendix. 

▄

Corollary 1.1: Expected compensation is strictly increasing in p and weakly decreasing in .

Proof: Follows directly from Proposition 2.
▄

Inspecting the solution in Proposition 1, the agent’s limited liability combined with the information asymmetry is costly to the principal, as indicated by the non-binding participation constraint and the fact that at least one of the incentive compatibility constraints is binding. Figure 1a illustrates how  and p interact in determining the optimal solution.

[Insert Figure 1a about here.]

Several aspects of the solution to (AGG) are worth noting. Given the linear structure of the model and the non-binding participation constraint, only outcomes with the smallest likelihood ratio in a binding incentive compatibility constraint yield a non-zero payment.
 For independent tasks, when  = 1, the likelihood ratio on the {X,X} outcome is less than or equal to that on the other three outcomes in all of the incentive compatibility constraints. This property, when combined with the convexity of the probability of obtaining {X,X} in total effort and the proportionality of the disutility of effort to total effort, implies only (LL) binds when tasks are independent. 

As  increases above 1, the first task becomes easier to motivate. When  becomes sufficiently large relative to p (region I), (HL) becomes the sole binding constraint. Here, the principal finds it efficient to focus incentives on motivating the second task. Of particular note is that outcomes {X,X} and {0,X} have the identical, lowest likelihood ratios in (HL). This implies that even if the principal could distinguish between outcomes {0,X} and {X,0}, this information would not be valuable—the principal can simply provide positive compensation for outcome {X,X} only. 

As  decreases below 1, the deleterious effects of negative complementarity on second task performance make it more difficult to motivate high effort on the first task. As  becomes sufficiently small relative to p (region III) the (LH) constraint becomes binding. In this case, outcome {X,0} has the smallest likelihood ratio. Note that the (S2) constraint also becomes binding, indicating the owner wishes to place greater weight on outcome {X,0} than on outcome {0,X}. However, because this is not possible, the principal is left with a choice of paying either for aggregate outcome X or aggregate outcome 2X. Of the two, outcome {X,X} has the smaller likelihood ratio in (LH). Negative complementarity is clearly harmful here, because the agent only receives positive compensation if the outcome is X on both tasks, yet high effort on the first task decreases the likelihood of an outcome of X on the second task.

Interpreting Corollary 1.1, when (LL) binds an increase in  decreases the likelihood ratio for outcome {X,X}, because high effort on the first task increases the likelihood of a success on the second task. Therefore, increases in  decrease expected compensation until (HL) is the sole binding constraint, at which point compensation becomes invariant to further increases in . Similarly, increases in p increase the likelihood ratio on all outcomes, and so expected compensation is increasing in p.

3.2 Disaggregate performance measurement

Under DISAGG, the principal and agent can observe both task outcomes and the agent can condition his or her second task effort level on the first task outcome. Let {i,{j,k}} denote the case where the agent chooses i on the first task and j (k) on the second task if the output from the first task is 0 (X), i, j, k = H, L. 


The principal's program to minimize expected compensation and motivate {H,{H,H}} under DISAGG is denoted by (DISAGG), and can be formulated directly from (AGG) by deleting the (S1) and (S2) constraints and adding the following incentive compatibility constraints. 

E[s|{H,{H,H}}] – 2 cH
≥ E[s|{H,{H,L}}] – cH – (1-a) cH 
(HHL)

E[s|{H,{H,H}}] – 2 cH
≥ E[s|{H,{L,H}}] – cH – a cH
(HLH)

E[s|{H,{H,H}}] – 2 cH
≥ E[s|{L,{H,L}}] – (1-pa) cH 
(LHL)

E[s|{H,{H,H}}] – 2 cH
≥ E[s|{L,{L,H}}] – pa cH
(LLH)

These constraints ensure that for each possible realization of the performance measure on the first task, 0 or X, the agent weakly prefers to work hard on the second task. The omitted incentive compatibility constraints, (HLL), (LLL) and (LHH), are identical to (HL), (LL) and (LH) in (AGG), respectively.

Proposition 2 presents the optimal solution under DISAGG. The first corollary describes a special property of optimal contracts under DISAGG in addition to comparative statics.

Proposition 2: Let ijk be the multiplier on incentive compatibility constraint (ijk). Then under DISAGG an optimal solution exists, and is as follows.




	Region
	Solution (Non-zero variables)
	E[s]

	I’:
p – (2p - 1) ( 0


(=>  > 1 and p > ½)
	HLL > 0
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Proof: See Appendix.

▄

Corollary 2.1: When  ≤ 1, the optimal solution to (DISAGG) can be written as a “memoryless” contract, one in which sXX - sX0 = s0X - s00.

Corollary 2.2: Under DISAGG expected compensation is strictly increasing in p and weakly decreasing in .

Proof: Follows directly from Proposition 3. 
▄

Figure 1b displays the relevant regions in the p- parameter space where each solution is optimal. In DISAGG there are four regions. These regions do not correspond to those in AGG.

[Insert Figure 1b about here.]

Two aspects of the solution to (DISAGG) are worth noting. First, under all p-( combinations the agent must receive positive compensation for an outcome of X on the second task, regardless of the first task outcome. The payment scheme must have this property because, if the agent were to observe a first task outcome such that no second task outcome could produce positive compensation, the agent would not provide high effort on the second task. Note the AGG solution would be infeasible here in DISAGG, because under AGG if the outcome on the first task were 0 the agent would receive zero total compensation regardless of the second task outcome.

Second, the principal exploits her ability to distinguish between the outcomes {0,X} and {X,0}. For example, when ( is sufficiently small such that the solution is in region IV’, the principal provides positive compensation for outcome {X,0} in order to specifically motivate effort on the first task – recall, the first task is increasingly difficult to motivate with more negative complementarity. The principal also provides a positive, different amount of compensation for outcome {0,X}, so that the agent will be willing to provide high effort on the second task even after observing an outcome of 0 on the first task.

4. Optimal performance measurement with exogenous task assignment

In this section, we provide conditions under which the principal prefers either AGG or DISAGG for a given degree of task complementarity. In the most general sense, the relative advantage of AGG is it offers the principal the opportunity to exploit the agent’s uncertainty about the first task outcome, and hence total compensation, at the time the second task is undertaken. The relative advantage of DISAGG is it offers the principal the ability to contract on more outcomes, which potentially allows for further extraction of the agent’s rents in situations where it is useful to identify individual task performance. Our analysis illustrates that the manner in which tasks interact largely determines whether the exploitation of uncertainty (in AGG) or the increased contracting space (in DISAGG) is more advantageous.

In order to proceed, it would be useful to develop a benchmark to better measure and illustrate the relative advantages of AGG and DISAGG. The appropriate benchmark is a regime that includes only the contracting frictions that are common to AGG and DISAGG. Therefore this new regime, which we refer to as DELAYED, will result in weakly lower compensation than either AGG or DISAGG. The DELAYED regime can be thought of as one where the agent performs both tasks simultaneously and the principal receives disaggregate information. Alternatively, it can be thought of as the principal collecting disaggregated information, but not releasing the results to the agent until after effort has been provided on the second task.
 In either case, under DELAYED the principal obtains the benefits of both agent uncertainty and increased information about the agent’s actions.
 The optimal contract under DELAYED can be found by solving (AGG), after removing the (S1) and (S2) constraints. Proposition 3 below presents the solution.

Proposition 3: Let ij be the multiplier on incentive compatibility constraint (ij). Then under DELAYED an optimal contract satisfies the following properties.

	Region
	Solution (Non-zero variables)
	E[s]

	I:
p2 – (2p - 1) ( 0


(=>  > 1 and p > ½)
	HL > 0
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Proof: See Appendix.

▄

We say that AGG or DISAGG is costless when the associated expected compensation is identical to that in DELAYED. Given this definition, in order for AGG to be strictly preferred, DISAGG cannot be costless. Likewise, in order for DISAGG to be strictly preferred, AGG cannot be costless. AGG or DISAGG is costless if and only if the constraints unique to that regime are not binding. 

Comparing AGG to DELAYED, in regions I and II, where ( is intermediate or large relative to p, the solutions to AGG and DELAYED are identical – hence, AGG is costless. Therefore, AGG must be weakly preferred to DISAGG for all but relatively small values of (. This result derives from the fact that, under DELAYED, the outcome {X,X} has the weakly smallest likelihood ratio in constraints (LL) and (HL). Hence, the principal does not use her ability to distinguish between {0,X} and {X,0} for intermediate and large values of (. In region III, where ( is small, the solution to DELAYED provides different amounts of compensation for {0,X} and {X,0}, in order to overcome the effects of negative complementarity. The principal does this in such a way as to place special emphasis on the first task (sX0 > s0X), because negative complementarity inherently increases the difficulty in motivating the first task. This is not possible in AGG and therefore AGG is costly for a sufficiently small value of (. 

Comparing DISAGG to DELAYED, we first note that the additional constraints in DISAGG dictate that incentives must be placed on the second task regardless of the first task outcome (sXX >0 and s0X > 0). No special emphasis is placed on the second task under DELAYED (s0X = 0) for small and intermediate values of ( so the need to do so under DISAGG implies DISAGG is costly. With large values of (, incentives placed on the second task increasingly motivate the first task, due to positive complementarity. For the large values of ( found in region I’ under DISAGG, which is a proper subset of region I under DELAYED, incentives need only be placed on the second task under DISAGG, i.e., s0X = sXX. Hence, the additional incentive constraints in DISAGG are no longer binding and DISAGG is costless.

The analysis above indicates that in order for DISAGG to be strictly preferred to AGG, ( must be less than one, because only with negative complementarity does AGG become costly relative to DELAYED. Otherwise, AGG is weakly preferred to DISAGG. When the parameters fall in region I’, corresponding to a large value of (, the principal is indifferent between AGG and DISAGG — neither is costly. For large values of (, the potential costliness of focusing incentives on the second task in DISAGG is avoided, as it is efficient to focus incentives on the second task even in the DELAYED regime. These results are presented in Proposition 4.

Proposition 4: The necessary and sufficient condition for the principal to prefer DISAGG to AGG is as follows.
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Further, this condition implies
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▄

The following numerical examples illustrate the effects of aggregation and the potential benefits to aggregating performance measures even in cases where the loss of information is costly. In Example 1(a) aggregation is costly, as seen by the fact that expected compensation is greater in AGG than in DELAYED. However, AGG is still preferred to DISAGG. In Example 1(b)  is decreased to the point where the cost of aggregation is sufficient for DISAGG to be preferred to AGG.
	
	Example 1(a)
	
	Example 1(b)

	
	.94
	
	0.92

	a
	0.70
	
	0.70

	p
	0.90
	
	0.90

	cH
	10
	
	10

	
	E[s]
	
	E[s]

	AGG
	235.00
	
	460.00

	DISAGG
	263.83
	
	286.96

	DELAYED
	160.00
	
	180.00


Example 1: Aggregated versus disaggregated performance measures

Several practical analogies can be made in order to illustrate the effects of task complementarity on the choice of performance measures. First, with respect to negative complementarity, suppose a principal assigns sequential tasks to an agent such that high effort on the first task causes fatigue, lowering the productivity of the agent on the second task. For example, competitors in cycling races understand that greater effort in the first part of the race decreases their chances of a strong finish and ultimately their chances to win, causing competitors to coast through the early part of the race. Anticipating this, organizers award prize money for top finishes at intermediate points in the race. By providing competitors with intermediate prizes there are now incentives for more consistent effort throughout the race, which in turn creates more spectator interest. An aggregate measure, such as total time elapsed from start to finish, would not provide these incentives.

Second, with respect to relatively independent tasks, assume it is considered prestigious for a retail location to have the highest sales in its region in a given month. Further suppose that sales at any one point in the month are independent from sales in another part. In this case, corporate headquarters might be well advised to limit the amount of intra-month sales data it produces. With the receipt of intra-month updates, some retail locations may realize early they have little chance of “winning” and therefore reduce their effort during the remainder of the month. By aggregating data within the month, corporate headquarters can exploit the uncertainty of the individual retail locations to generate greater effort.

Finally, with respect to positive complementarity, suppose a principal assigns sequential tasks such that high effort on the first task causes an increase in knowledge or skill that increases the chance of success on the second task. If the effect is strong enough, the principal does not have to place any incentives on the first task, even if she could observe an outcome on the first task — the incentives on the second task alone would motivate high effort on the first task. For example, accountants often take a CPA exam review course without any explicit incentive to do so. The incentives from their employer, who simply measures whether or not they passed the exam, are sufficient to motivate attendance at the course.


The relationship between complementarity and performance measurement is presented in Figure 2, which plots the relative advantages of AGG as a function of (, where p = 0.9 and a = 0.7. Consistent with the above analysis, it illustrates that the greatest advantage of aggregation occurs when ( is slightly less than one ( = 0.99). Further, sufficiently negative complementarity ( = 0.93) is necessary for DISAGG be preferred.

[Insert Figure 2 about here.]

Given the stylized model used in our analysis, it is natural to address the effect of our model’s assumptions. The two most noteworthy assumptions are the limited outcome space (0 or X) and the agent’s risk neutrality. Expanding the outcome space would increase the range of parameters in which DISAGG is preferred, as illustrated for the case of independent tasks in AGL, because it would provide greater opportunity to fine tune incentives to tasks. Assuming the agent is risk averse would allow DISAGG to be preferred with positive complementarity, because optimal risk sharing implies the agent is paid for every outcome. To illustrate, consider an agent with utility function – e– r(s-c), where r is the coefficient of risk aversion and c is the dollar equivalent private cost of actions. We set r = .01, cH = 10, cL = 0, a = 0.7, p = 0.9 and a certainty equivalent of outside opportunities equal to zero. We note that with ( = 1, AGG results in lower compensation than DISAGG, but with either  = 0.97 or  = 1.03, DISAGG results in lower compensation. Further, the difference in expected compensation resulting from AGG and DISAGG is greater in the case  = 0.97 than in the case  = 1.03, reflecting the asymmetric effect of complementarity on the choice of performance measure. This example supports the following two claims: (1) extreme parameters are not necessary for DISAGG to be preferred and (2) the general manner in which task interrelatedness affects the choice of performance measures is not the result of our particular model assumptions.

Our results to this point can be summarized as follows. The benefits of aggregation are maximized for relatively independent tasks. With weak positive complementarity, aggregation is weakly preferred to disaggregation. However, the relative benefits of aggregation diminish as complementarity increases. Finally, only with a sufficiently negative complementarity can disaggregation be preferred. These central results of our analysis indicate that information system choice cannot be made independently of task complementarity.

5. Endogenous task assignment

 
Thus far we have assumed that task assignment was exogenous. In this section we extend the model to allow the principal to choose whether to bundle the tasks together with the associated effect of complementarity, as in the preceding analyses, or unbundle the tasks and assign them to two different agents, thereby eliminating the effects of complementarity.

5.1 Task assignment under aggregated performance measures

In this subsection, we compare AGG to unbundling the tasks. If unbundled, the optimal contract would pay each agent cH /a(1-p) if and only if the outcome is X, and expected compensation across both tasks would be 2cH /(1-p).

Proposition 5: Under AGG, expected compensation is weakly less if the tasks are bundled than if they are unbundled and assigned to two different agents if and only if  ≥ 2p/(1+p), which implies ( ( 1 is a sufficient condition for bundling to be preferred.

Proof: Referring to the optimal solution under AGG, at the boundary of regions II and III the expected compensation under AGG is cH(2-p)/(1-p), which is less than expected compensation when the tasks are unbundled, 2cH/(1-p). Because under AGG compensation is decreasing in ( in regions II and III, the point where bundled and unbundled tasks result in equal compensation occurs in region III, and is at ( = 2p/(1+p).
▄

By assigning the tasks to a single agent and using an aggregate performance measure, expected compensation is affected by: (1) the relaxed incentive constraints associated with the use of aggregate performance measures and (2) the information effects of task complementarity. From Proposition 5, we see that for any ( ( 1, bundling is preferred. This is intuitive, because the potential to exploit the relaxed incentive constraints and the improved information environment due to positive complementarity both favor bundling the tasks. For ( < 1, bundling tasks in the presence of negative task complementarity decreases the informativeness of the performance measure, but aggregation still provides the benefit of relaxed contracting constraints. As  becomes sufficiently small, the decreasing net benefits of aggregation cause unbundled tasks to be preferred. 

What is noteworthy is that with aggregation the principal may prefer to bundle tasks even with negative task complementarity. That is, ignoring any possible productivity effects, the incentive benefits of aggregation may cause the principal to bundle tasks, even when unbundling them would result in better performance measures. This is not dependent on the exact specifications of our model. If the setting were modeled as in AGL, with CARA preferences for the agent, there would still exist an interval of  such that bundling tasks and aggregating performance measures would be preferred to unbundling the tasks.

An additional consideration in the task assignment decision is the effect on expected production. As argued earlier, it is likely that productive considerations are of first-order importance in the principal’s choice of task assignments. One might interpret the performance measure (0 or X) as the value to the principal of output. Under this interpretation, ( > 1 implies bundling tasks maximizes productive efficiency as well as obtaining the compensation-decreasing effects of (. 

When  < 1, productive efficiency favors unbundling the tasks. However, from Proposition 5, expected compensation is less under aggregation whenever  > 2p/(1+p). Example 2 illustrates a circumstance under which the productive efficiency and the control uses of accounting information are in conflict (Christensen and Demski 2002; Christensen and Feltham 2003). In the example, wherein  = .95 and X = 200, the gain in reduced expected compensation due to bundling is greater than the loss in productivity due to diseconomies of scope. However, bundling would become preferred if  were decreased to .94 or if X were increased to 300.

	
	
	0.95
	

	a
	
	0.70
	

	p
	
	0.90
	

	cH
	
	10.00
	

	X
	
	200
	

	
	E[x]
	E[s]
	E[x-s]

	Unbundled
	280
	200
	80

	Bundled
	273
	190
	83


Example 2: Aggregated performance measurement – bundling versus unbundling

5.2 Task assignment under disaggregated performance measures

In this subsection, we compare DISAGG to unbundling the tasks. Recall that, if unbundled, expected compensation across both tasks would be 2cH /(1-p).

Proposition 6: Under DISAGG, expected compensation is less if the tasks are bundled and assigned to one agent than if they are unbundled and assigned to two different agents if and only if  ≥ 1.

Proof: Similar to Proposition 5. 








▄

We provide a basic intuition for the above results. As previously mentioned, one can show that the solution when  = 1 can be written as a memoryless contract under DISAGG. Therefore, under this condition there is no benefit to bundling the tasks and having them assigned to a single agent if the agent can observe the outcome associated with the first task prior to undertaking the second task. As described in the previous section, a memoryless contract would provide an overall expected compensation of 2cH/(1-p) across the two tasks, which is equal to the objective function value in Proposition 3 for the case where  = 1 (the boundary between regions III or IV). Corollary 3.2 then implies that the principal strictly prefers unbundling the tasks and assigning them to two different agents to bundling them together and assigning them to one agent if and only if  < 1.
5.3 Optimal performance measurement with endogenous task assignment

The option to bundle or unbundle tasks increases the likelihood that aggregate performance measures are optimal, conditional on the principal preferring to bundle the tasks. This is because the principal would only choose to unbundle the tasks when there is sufficient negative complementarity and only with negative complementarity would DISAGG be preferred to AGG.
 This is captured below in Proposition 7.
Proposition 7: When the principal has the option of bundling tasks or assigning them to two different agents, either an aggregate performance measurement system is preferred or the principal wishes to unbundle the tasks.

Proof: From Proposition 4, a necessary condition for a disaggregate performance measurement system to be preferred to an aggregate performance measurement system is  < 1. From Proposition 6, unbundling is always preferred to DISAGG when  < 1. 
▄

Proposition 7 states that when task assignment is endogenous and the principal finds it optimal to bundle the tasks, an aggregate performance measure minimizes expected compensation. Essentially, aggregation only becomes costly if the first task becomes sufficiently difficult to motivate, thereby causing an increase in compensation due to the loss of information on the performance of the first task. In order for this to occur, ( must be less than one, in which case the principal would rather unbundle the tasks than use a disaggregated information system. Figure 3 summarizes the principal’s preference for aggregation or disaggregation, and bundling or unbundling.

As a practical example, firms often must decide between vertically integrating processes under the supervision of a single manager, or separating responsibility under several managers. While vertical integration has the potential to provide a better performance measure than separated responsibility, it may also overburden the single manager supervising the several processes. If this were to occur, supervisory tasks would be negative complements. This is the tension we explore in the above analysis.

 [Insert Figure 3 about here.]

So as not to overstate the robustness of this section’s results, we note that in more complex settings with a richer outcome space and task heterogeneity, there are circumstances in which the principal would choose to bundle the tasks and employ a disaggregate information system. What we can say generally is that endogenous task assignment expands the circumstances under which an aggregate information system would be preferred to a disaggregate system, given the tasks have been assigned to a single agent. This is true because the principal would have found it beneficial to shift away from more extreme cases of negative task complementarity by unbundling the tasks.

Given our analyses, one might be tempted to argue that negative complementarity is not something that would survive due to both control and productivity concerns and hence, is of limited importance. However, our analysis omits several factors related to task assignment. Firms may have limited resources that preclude the employment of additional personnel due to the fixed costs of hiring each employee. Also, task assignment may incorporate the needs of internal control and coverage for absent employees. Therefore, there are a variety of valid reasons for establishing task assignments that would be suboptimal from a control perspective alone. This provides an important caveat for any endogenous task assignment analysis based solely on control needs.

6. Conclusions

Much of the current discussion of aggregation focuses on how it affects external users. Both accountants and regulators have shown a concern for balancing the desirability of relevant information with the benefits of digestible summaries of data. We approach the question of aggregation from a complementary viewpoint, that of managerial control. We extend the stream of research that has demonstrated aggregation decisions must be made in consideration of internal users of accounting information, and in doing so provide an enhanced understanding of some additional factors important to accounting system design.

Our analysis begins by solving for the optimal contract in an aggregated regime wherein performance measures are added across two tasks, and in a disaggregated regime wherein the principal and agent learn the first task outcome prior to the second task. With homogeneous tasks and no task complementarity, aggregation is preferred to disaggregation, because it relaxes the conditions necessary to motivate the desired actions from the agent without loss of valuable information. If task complementarity is positive, that is, if high effort on one task increases the likelihood of a favorable outcome on a subsequent task, aggregation continues to be weakly preferred. However, the difference in expected compensation narrows between aggregate and disaggregate information systems as complementarity becomes large. Only with sufficiently negative task complementarity would disaggregation be preferred to aggregation. 

More generally, our fundamental results are: (1) the greatest advantage of aggregation over disaggregation occurs when tasks are relatively independent, and (2) negative complementarity is more deleterious to the effectiveness of aggregation than positive complementarity. These two results are significant because they do not arise from our specific model assumptions and effort provided on prior tasks generally has an effect on outcomes in later tasks.

We also show that if task assignment were made endogenous, the principal’s tendency to avoid negative task complementarity would increase the likelihood of an aggregated information system being optimal, conditional on the principal bundling the tasks. This is due to the principal’s desire to avoid negative task complementarity, the interaction which most favors disaggregation. In general, we demonstrate that there is an interaction between the optimal compensation system and the assignment of decision rights (bundling or unbundling the tasks) (Brickley et al. 1997). We did not explicitly incorporate the productivity effects of task complementarity, but in as much as these would also cause the principal to avoid negative complementarity, this again reinforces our result.

There are several important limitations of our conclusions resulting from our exclusive focus on the employee compensation effects of aggregate and disaggregate information systems. First, the information produced by an accounting system has other uses besides determining how to evaluate and reward managers. Detailed information provided by an accounting system can be useful for a variety of decisions, which tends to favor disaggregation. Second, the control benefits of an aggregate information system rely on the agent being uncertain about his or her compensation when undertaking a task. However in the presence of an aggregate system, the agent would have incentives to circumvent the information system in order to obtain disaggregate information. The cost of preventing the manager from finding out the result of the first task would reduce the relative advantage of aggregation. Conversely, the production of the additional information found under disaggregation can be costly, which in turn favors aggregation. Third, our analysis of endogenous task assignment did not consider other organizational reasons for assigning tasks, such as internal control or organizational flexibility. Given these limitations, future research that attempts to incorporate additional factors not included in our model may be of particular benefit.
Appendix A

Proof of Proposition 1 and Corollary 1.1.

Let ij be the multiplier on (ij). The conjectured solution to (AGG) is as follows.

	Region
	Solution (Non-zero variables only)
	E[s]

	I.
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The proof begins by setting s0X = sX0 = sX. We make this substitution into (AGG) and write down the modified primal and dual programs.

Primal:
s00
sX
sXX
Min
(1-a)(1-a)
 (1-a)a + a(1-a)
a2
(HL)
-a(1-a)(1-p)
a(1-a)(1-p) - a2(1-p)
a2(1-p)
(
cH
(LH)
-a(1-a)(-p)
(1-a)a–a(1-pa) + (1-a)a-pa(1-a)
a2(-p)
(
cH
(LL)
(1-a)(1-a)-(1-pa)2
(1-a)a-(1-pa)pa + a(1-a)-pa(1-pa)
a2(-p2)
(
2 cH
sij ≥ 0
i, j = 0, X
Dual:
HL
LH
LL

Min
- cH
- cH
-2 cH

(s00)
a(1-a)(1-p)
a(1-a)(-p)
-(1-a)(1-a)+(1-pa)2
(
-(1-a)(1-a)

(sX)
-a(1-a)(1-p)
-(1-a)a+a(1-pa) 
-(1-a)a+(1-pa)pa
(
-(1-a)a - a(1-a)



   + a2(1-p)
   - (1-a)a+pa(1-a)
   - a(1-a)+pa(1-pa)

(sXX)
-a2  (1-p)
-a2(-p)
-a2(-p2)
(
- a2 




µij ≥ 0 
i, j = L, H
The conjecture can be proved using duality theory. For each region in p- space, one can verify that the conjectured solutions are feasible in the primal and dual programs and they provide the same objective function values. Hence, by duality theory, the proposed solutions are optimal (Luenberger 1989). The proof of Corollary 1.1 regarding the comparative statics on  and p follows immediately from the solution to (AGG).

Finally, one can show that if the problem was solved as stated in AGG, but dropped the (S2) constraint, the objective function would decrease. This proves that S2 > 0.

Proof of Proposition 2 and Corollary 2.1.

Let ijk be the multiplier on (ijk). The conjectured solution to (DISAGG) is as follows.

	Region
	Solution (Non-zero variables only)
	E[s]
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The remainder of the proof closely follows that presented for Proposition 1 and Corollary 1.1.

Proof of Proposition 3. Let ij be the multiplier on incentive compatibility constraint (ij). The conjectured solution to (DEL) is as follows.

	Region
	Solution (Non-zero variables only)
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The remainder of the proof closely follows that presented for Proposition 1.

Table 1: Joint probability of outcomes conditional on effort (p <  < 1/a)
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e
=
agent’s effort level vector

{i, j}
=
{effort on task 1, effort on task 2}, i, j = H, L
P(i,j|e)
=
probability of outcomes of i and j on task 1 and two respectively, given effort level



vector e
a 
=
probability of outcome X on task 1 given effort on task 1 is H
pa 
=
probability of outcome X on task 1 given effort on task 1 is L
 
=
complementarity effect on task 2 obtained if and only if task 1 effort is H

Figure 1a: Optimality regions for AGG and DELAYED
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Figure 1b: Optimality regions for DISAGG (a = 0.7)
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Figure 2: Relative advantage of AGG over DISAGG (p = 0.9, a = 0.7,cH = 10)
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E[s|DISAGG] = expected compensation paid to the agent under a disaggregate system

E[s|AGG] = expected compensation paid to the agent under an aggregate system

Figure 3: Ranking of Unbundling, AGG and DISAGG
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� 	Hughes, Zhang and Xie (2004) choose to model the interaction of tasks through a multiplicative effect of effort on output. They also allow for both beneficial and detrimental effects due to combining tasks.


� 	Examples of papers where agency costs result from limited liability include Sappington (1983), Demski, Sappington and Spiller (1988) and Fellingham and Young (1990).


� 	p is the likelihood ratio on the outcome X if the agent were assigned a single task, equal to P(X|L)/P(X|H). Therefore, the informativeness of the outcome X about effort is decreasing in p.


� 	Consequently, under aggregate performance measurement sequential choice and simultaneous choice are equivalent.


�	Of course, under AGG the owner cannot observe the individual outcomes {0,X} or {X,0} — instead, the outcome X would be observed. However, writing the program including both s0X and sX0 and with the two inequalities (S1) and (S2) better exposes why there is an information loss and the way the owner wishes to differentiate the two payments.


�	The likelihood ratio in constraint (ij) is the probability of the outcome given action {i, j} divided by the probability of that outcome given {H, H}, i, j = H, L.


� 	A memoryless contract is one in which the second period payments are independent of the first period outcome (Fellingham, Newman and Suh 1985).


�	Both of these scenarios are inconsistent with the assumptions of our model. The DELAYED regions is presented solely to provide intuition for why the AGG or DISAGG regime is preferred in a given circumstance.


�	We do not compare the AGG and DISAGG regimes to the symmetric information solution because it would confound the effects of aggregation with the fundamental effects of information asymmetry.


�  The solution to DELAYED shown in proposition 3 is not unique. Specifically, outcomes {0,X} and {X,X} have identical likelihood ratios in the (HL) constraint. Therefore, the principal has some flexibility in choosing s0X and sXX in region I. For values of p and ( that fall in region I’ the DELAYED solution can be written as s0X = sXX, identical to the solution in DISAGG and hence DISAGG is costless in this region.


� 	This claim is straightforward to prove. In the AGL formulation, where tasks are homogeneous and ( = 1, bundling tasks under aggregation is strictly preferred to unbundled tasks. Therefore, for some ( = 1 - (, bundling is still preferred for an arbitrarily small (. In GH, AGG is weakly preferred to DISAGG for homogeneous tasks and ( = 1. Therefore, for those risk aversion parameters in the GH formulation that cause AGG to be strictly preferred, the claim is also true in the GH setting.


� 	Although we do not explicitly consider productivity concerns in this section, we note that productivity is maximized by shifts away from negative complementarity and therefore the inclusion of productivity effects would not add additional insight.
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