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Abstract


Formal analysis of management control settings can be complex and consequently difficult to introduce into the classroom. Nevertheless, it is important to retain a connection between our research and teaching. This note presents recent findings in the theory of management control using simple numerical examples, thereby easing classroom implementation. It concentrates on the benefit of bundling budget requests in mitigating inefficiencies arising because subordinates are often privately informed about projects. However, the approach has applications far beyond budgeting, as the intuition for the improvement in efficiencies is fundamentally related to the Central Limit Theorem. In addition, a straightforward classroom experiment is described, intended to provoke interest and deepen understanding of the issues. The two-pronged approach taken herein increases the probability of successfully introducing research on management control into undergraduate and graduate accounting classes. 

There have been numerous scholarly advances regarding how firms should allocate resources toward capital investment opportunities.  Researchers, using advanced analytical techniques, have uncovered many properties of optimal resource allocation not found in traditional textbook treatments. Such analyses, while significantly improving the understanding of resource allocation, are often quite complex and so somewhat difficult to present in the classroom. Nevertheless, we believe bridging the gap between recent cutting edge research and undergraduate accounting education is a worthy endeavor. This is the goal of this teaching note. Our approach is to develop relatively simple numerical examples and provide intuitive discussion, rather than present formal mathematical development. This intuitive approach makes scholarly advances accessible to a much wider audience than would otherwise be possible. In addition, we present guidance on a classroom experiment that both provokes interest and enhances understanding of the subject material. 

The traditional textbook treatment of the evaluation of capital investments generally suggests either accepting projects with a positive net present value discounted at the firm’s cost of capital or accepting projects whose internal rate of return exceeds the firm’s cost of capital. It seems intuitive that if one can invest at 8% but can borrow at 5% one should invest. This traditional approach provides a powerful evaluation metric, but its theoretical justification relies on frictionless markets for trading of the investment. Textbooks generally point out the problems with the present value criterion when there are specific kinds of frictions in the investment market, say due to mutually exclusive projects or other limitations on capital investments or uncertain future cash flows combined with aversion to risk. We explore a different market friction in this note. We consider situations where the decision-maker must rely on other, self-interested individuals to forecast the investment’s future cash flows.

Underlying our interest in this situation is the idea that subordinates who participate in the budgeting process are typically better informed about some attributes of projects than the superiors to whom they report. In addition, subordinates may often benefit from a difference between the funds made available for a project and the actual funds required for a project, which we refer to as slack. Finally, it may be that the consumption of slack by subordinates, for example working less diligently, is difficult to detect even with ex post audits of funded projects. 
 Taken together, these assumptions imply subordinates have motive and opportunity to consume slack. Further, these assumptions are likely to represent many situations in practice, as proximity to operations generally involves obtaining some additional information, individuals tend to act in their own self-interest, and monitoring of subordinates can be difficult and expensive. 

Accounting researchers have studied resource allocation using precisely the assumptions outlined above (Antle and Eppen, 1985; Antle and Fellingham, 1997; Farlee, Fellingham and Young, 1996). This setting has also been introduced into the pedagogic literature (Arya, Fellingham and Glover, 1998) and has formed the basis of a classroom experiment (Schwartz, Wallin and Young, 2007). In addition, researchers have continued to modify, extend and refine the setting so as to apply the insights gained to different scenarios, including multiple periods (Antle and Fellingham, 1990; Fellingham and Young, 1990), multiple agents (Arya, Glover and Young, 1996), and limitations on commitment (Arya, Glover and Sivaramakrishnan, 1997; Rankin, Schwartz and Young, 2003). Our interest is in one such extension of the model; specifically, whether to bundle the expected attributes of several projects together and submit a single budget request. This decision should be of interest to all levels of accounting student because reporting format is a key aspect of accounting data. In addition, bundling often requires delay in reporting or aggregation in order to ensure that information is not released separately. 
 In fact we particularly focus on aggregation as a method to achieve bundling.  Most importantly, the bundling of several reports has been shown to potentially limit slack consumption in capital investment settings (Antle, Bogetoft and Stark, 1999; Arya and Glover, 2001).


Our goal is to provide an illustration suitable for the undergraduate classroom that bundling budget proposals decreases the information advantage held by subordinates. We employ simple numerical examples to demonstrate theoretically how bundling budget proposals can mitigate costly control problems. We also present a classroom experiment designed to illustrate the theory through a role-playing experience. We have found that the combination of numerical illustrations and classroom experiments allow relatively complex materials to be appreciated by students at undergraduate as well as graduate levels.
 


The remainder of the note is organized as follows. Section 2 describes the model and uses numerical examples to illustrate recent research results on the management control benefits of bundling budget requests. This section can be provided to students in its existing form. Section 3 is intended for the instructor, and presents guidance on a straightforward classroom experiment. Section 4 offers guidance on classroom implementation. Section 5 presents conclusions. 

2.
Model


In order to illustrate the effect of bundling budget proposals, we use a model. In general, the purpose of a model is to capture enough important elements of the setting of interest in order to better understand the various forces at play, at the same time being careful not to add too much detail so that the model becomes confusing or intractable. The model we use is very simple; there are just two people, a superior and a subordinate. We might think of the superior as a firm owner or a senior level executive, and of the subordinate as a lower level manager or employee who is being supervised or evaluated by the superior. The superior and subordinate have a single interaction involving at least one, but possibly multiple, investment projects for the firm. In the multiple projects case the issue of bundling will be addressed

2.1
One Project Setting


To get a feel for the basic structure of the setting, we begin with the simple case where a subordinate proposes to his superior that she fund a single investment project. The superior is the residual claimant to the net proceeds from the investment and has authority over whether it is funded. Her role is to provide funds for the investment. In this role, she is able to make credible commitments regarding how she will act in the future. The subordinate’s role is to collect cost information for the project, to report the cost to the superior, and to use the funds received from the superior to cover the cost of the investment. The subordinate can consume as slack any funds not required to cover the project’s costs. For simplicity we assume that investment of funds and receipt of revenues are virtually simultaneous, so that we need not consider the rate of interest.


The revenues of the project are common knowledge, and are assumed to be 7,500. Both the superior and subordinate agree that cost of the investment belongs to the set {1,000, 2,000, 3,000, 4,000, 5,000, 6,000}, with each outcome equally likely. The subordinate learns the cost of the investment before funding takes place, but the superior never learns the cost.
 Of course if the superior knew the cost herself there would be no need for asking the subordinate to participate in the budgeting process. For a similar reason, we assume the subordinate has no resources and cannot be asked to cover the cost of investing out of his own pocket. In other words, he must receive non-negative slack. Finally, we assume the superior and subordinate are risk-neutral expected utility maximizers, and their utility is equal their residual payment and slack, respectively. Figure 1 presents the payoff to the superior, subordinate and society, conditional on a project being accepted.

[ Insert Figure 1 about here. ]


Given the structure of the model, if the superior commits to fund all projects the slack-maximizing subordinate should request the maximum amount of funds from the superior. Recall the subordinate alone knows the cost of the investment; the superior must rely upon the subordinate’s report and may not transfer less than the reported cost or else the subordinate faces the potential of receiving negative slack. Therefore, the combination of the subordinate’s objective, lack of resources, and private information give him motive and opportunity to claim he requires 6,000 to undertake the project regardless of the actual cost, an action obviously undesired by the superior.
 By submitting a budget equal to 6,000 the subordinate would consume the difference between 6,000 and the actual cost. At worst he receives zero slack, occurring with probability 1/6, but with probability 5/6 his slack is positive.


If the cost report received from the subordinate is 6,000, the superior always receives a profit of 1,500 from the investment. This is a guaranteed positive profit, and so may not seem to so bad. However, the expected cost of the project is 3,500, and the project therefore yields an expected profit of 7,500 - 3,500 = 4,000. Thus, by committing to fund the project, the superior would receive in expectation only 15/40 of the profit and the subordinate 25/40. One might ask whether the superior could do better.


Researchers studying this situation have identified the following as the optimal funding rule, or contract, for the superior. The superior announces a funding limit, or target cost, which we denote by k. If the subordinate reports a cost less than or equal to k he will be provided exactly k for investing; if the subordinate reports a cost greater than k the investment will not to be funded. Under reasonable parameter values, it is better to set k less than the maximum possible cost, even though by doing so profitable projects might be turned down. Notice that by committing to a target k, the subordinate has incentives to report truthfully no matter the actual cost. First, if the cost is less than k, any report greater than k yields the subordinate zero slack as the budget will not be approved, whereas any report at or below k yields positive slack.  Thus the subordinate can do no better than report truthfully when the cost is less than or equal to k. Second, if the actual cost is greater than k the subordinate strictly prefers not to report the cost is less than or equal to k, and is indifferent between reporting the true cost and any other cost greater than k, so again the subordinate can do no better than report truthfully. 


Let us return to the numerical example. Assume the superior sets k equal to 5,000 and the actual cost turns out to be 2,000. Any report at or below k provides the subordinate with 3,000 in slack. Any report above k provides the subordinate with no slack, because the project would not be funded. Thus, the subordinate, when faced with a cost of 2,000 and acting in his own best interest, reports such that he receives 5,000 from the superior, receiving 3,000 in slack. The superior will receive 2,500 in profits, equal to the 7,500 in revenues minus the 5,000 funding. The fact that the subordinate does not receive funding equal to the highest possible cost of 6,000 is a direct result of the binding commitment made by the superior at the outset.


In order to generalize this analysis, we must invest in a little more notation. First, let the cost be denoted by c. Further, denote the probability that the cost is less than or equal to k by F(k) (the cumulative distribution), the expected cost conditional on the cost being less than or equal to k by E[c| c ≤ k], and the revenue by R. Using this notation, the superior’s profit and subordinate’s slack, conditional on c are shown below in Figure 2. Further, the superior’s expected profit and subordinate’s expected slack are also provided, where the expectation is taken at the time of contracting, before c is observed by the subordinate.

[ Insert Figure 2 about here. ]


Presumably it is the superior who is designing the contract, so we search for the target cost that maximizes the superior’s expected profit. In Table 1 we consider the six possible values for k. One can see that k = 4,000 is optimal from the superior’s point of view. A useful way to understand why 4,000 is the optimal target is it provides the best tradeoff between the two opportunity costs associated with the target k: turning down profitable projects, which increases with a lower k, and paying slack to the subordinate, which increases with a higher k. 


As noted above, if the superior were to have perfect information about the cost the project would pay her 7,500 – 3,500 = 4,000. However, per Table 1, she receives an expected profit of 2,333 under the optimal target value of 4,000. This difference of 1,667 is equal to the expected cost of turning down profitable projects, equal to (1/6) (7,500 – 5,000) + (1/6) (7,500 – 6,000) = 667 plus the expected slack surrendered to the subordinate, equal to (1/6) (4,000 – 1,000) + (1/6) (4,000 – 2,000) + (1/6) (4,000 – 3,000) + (1/6) (4,000 – 4,000) = 1,000.

 [ Insert Table 1 about here.]


To provide further intuition for the optimal target, we examine the incremental effect of changing k on the expected costs of lost production and slack. Decreasing k has the effect of decreasing the probability of producing, while increasing the profit obtained by the superior from producing conditional on accepting the project. The latter occurs because decreasing k decreases the amount paid to the subordinate for all costs less than or equal to k. As an illustration, consider a decrease in k from 4,000 to 3,000. This has the effect of decreasing the probability of acceptance from 4/6 to 3/6.  At the same time the superior’s conditional profit increases from [7,500 – 4,000] to [7,500 – 3,000] on all accepted cost reports. The expected effect of decreasing k on the superior is provided below.


 (3/6) [4,000 – 3,000] 
-  (1/6) [7,500 – 4,000]
= 500 – 583 < 0


(Expected savings in slack)
-  (Expected cost of lost production)
 Because the net effect on the superior is negative, she would not want to decrease k from 4,000 to 3,000. Alternatively, increasing k to 5,000 would have effects on expected slack and lost production in the opposite direction, and the net effect would again be negative.
 Therefore, as verified by Table 1, setting the target equal to 4,000 optimally balances the two opportunity costs of slack reduction and lost production.


Three things should be of particular note, especially for students new to the study of management control. First, mitigation of the control problem comes at a cost of reduced productive efficiency. The superior commits to ration production by setting k below the maximum cost of production, even though it is still less than the revenue. Thus, money is sometimes left on the table. This characteristic of the solution should not be viewed as an artifact of the model, but as a general one associated with efficiently dealing with control issues.


Second, we have assumed the superior can commit as to how she will act contingent on the report of the subordinate. There is a need for commitment to be credible, in that the superior would like to renege on her commitment under certain circumstances. In particular, for any cost greater than k but less than the revenue, the superior would strictly prefer to renege on her commitment and fund the project, in effect raising k above her initial announcement. However, were the subordinate to anticipate that the superior would renege on the original announced funding rule, the subordinate would always report the cost at its maximum, in essence “calling the superior’s bluff.” In consequence, the benefit to the superior of choosing a value of k below the maximum cost would disappear. If the superior could not commit to honor her announced k, the subordinate would ignore it and submit a cost report of 6,000 regardless of the actual cost.


Third, the superior and subordinate disagree about where they would like to see the target set — the subordinate would like to see the target set as large as possible.
 The subordinate receives expected slack equal to the probability of funding times the target minus the expected cost, conditional on investment occurring. At the superior’s optimal target this is equal to 2/3{4,000 – [(1/4)1,000 + (1/4)2,000 + (1/4)3,000 + (1/4)4,000]} = 2/3 (4,000 – 2,500) = 1,000. However, if the target were set to 6,000, the subordinate’s expected slack would be 2,500.


We have at our disposal a very powerful model of resource allocation under moral hazard, despite its simplicity. In addition to the importance of the superior’s ability to make binding commitments, there are many other useful issues for students to think about related to this model and to the larger setting it represents. What if the superior could perform an imperfect, ex-post audit?  What if superior and subordinate interact repeatedly?  What if the subordinate has a distaste for lying?  These are some of the issues that accounting researchers are exploring through both analytical and empirical methods. However, such issues are beyond the purview of this note. Our focus is on the bundling of budget proposals. In order to forge ahead we must make one obvious augmentation to the model — to add a second project.

2.2 Multiple projects


We now assume that the subordinate proposes two projects to the superior, where the projects are identical to the single project described above. That is, the revenue from each project is 7,500, the costs range from 1,000 to 6,000 and only the subordinate knows the true costs. For simplicity assume that the costs are statistically independent of each other. The only difference in the two projects is the realized cost outcome — there are now 6(6) = 36 possibilities. With two costs to report, there now is the possibility of bundling the budget proposals together into a single budget proposal.


It is important to establish a benchmark so we can meaningfully evaluate the effect of bundling budgets. The logical benchmark is that of the superior treating the projects separately, which we refer to as individual evaluation. Individual evaluation of budgets is a useful benchmark, as it is simply a replication of the single project setting and the natural alternative to any more complex treatment. In the benchmark case, the superior will request two separate cost reports from the subordinate. Each project will be subjected to its own target cost, so that neither, one or both of the projects may be funded. Because each project will yield an identical solution to that found Table 1, the superior will receive from the two projects an expected residual equal to 2 (2,333) = 4,666, and the subordinate will receive expected slack equal to 2 (1,000) = 2,000.


With the appropriate benchmark in place, we are now in ready to analyze the bundled evaluation setting. What is fundamentally important about this setting is the superior evaluates both projects simultaneously. For simplicity, we assume the superior establishes budgeting procedures that require less than full detail — the agent submits an aggregate budget for the combined projects, but does not provide a breakdown by individual project. This may seem like a strong assumption, as aggregation necessarily destroys information. Indeed, this assumption biases against finding value in bundling and so we may think of the aggregate case as a restricted form of the bundled evaluation case. Therefore, if we find that bundling evaluation is preferred by the superior to individual evaluation under this more restrictive assumption, we can be sure it would continue to be preferred if the accounting system permitted the subordinate to submit individual project cost data within a bundled budget proposal.
 Further, for a variety of reasons aggregation is an integral part of accounting information systems, so in practice aggregation may very well be the manner in which bundling of budget requests is achieved. 


As in the single project case, the subordinate must still not be put in a position where he will have to cover the cost of production with his own funds, so the superior cannot accept the projects and then fund them with less than the aggregate cost report. Also, it is no longer possible to approve just one of the projects, because they are bundled together in the submission of the report.

[ Insert Table 2 about here. ]


Table 2 presents the eleven possible aggregate costs outcomes with two projects, and the associated earnings for each potential target. As one can see, aggregation improves things for the superior relative to individual evaluation. Why should this be the case, given that aggregating reports literally hides information from both superior and subordinate? In order to answer this question, one must examine the probability distribution of the aggregate costs relative to the probability distribution of costs of a single project.


The underlying projects each have uniformly distributed costs from 1,000 to 6,000 at 1,000 intervals, so the range of aggregate costs is from 2,000 to 12,000. However, as can be seen from Figure 1, the distribution of aggregate costs is no longer uniform. The projects are independent and so there are 36 possible cost combinations, each equally likely. Therefore, the probability of obtaining any aggregate cost is equal to the number of combinations that yield that particular aggregate cost, divided by 36. For example there are 5 combinations that sum to 6,000: (1,000, 5,000), (2,000, 4,000), (3,000, 3,000), (4,000, 2,000) and (5,000, 1,000). Hence, the probability of an aggregate cost of 6,000 is equal to 5/36. This is greater than the probability of obtaining a cost of 4,000, which has three combinations: (1,000, 3,000), (2,000, 2,000) and (3,000, 1,000). This in turn is greater than the probability of obtaining a cost of 2,000, which has only one combination: (1,000, 1,000). At this point it is apparent that the probability distribution of costs is identical to the roll of a pair of dice (multiplied by 1,000). An aggregate cost of 7,000 is most likely, with decreasing probabilities as we move in either direction. This effect of tightening the distribution of total cost around the center is a general property of aggregation, and is related to the Central Limit Theorem regarding the statistical properties of the sample mean.

[ Insert Figure 3 about here. ]


The significance of the tightening of the distribution around the center is the superior faces less uncertainty about the cost of the projects. It is the information advantage the subordinate holds over the superior that causes the control problem in the first place. Therefore, one might expect that a reduction in information asymmetry decreases the loss to the superior induced by the control problem. Below we explain that the issue is not quite as simple as this.


Returning to Table 2, we find that the optimal target is 8,000.  Note that in the individual evaluation case the target for each project was 4,000, so we might have expected an aggregate target of 8,000. However, this result was influenced by our choice of parameters and is not generally true. 
 More importantly, the probability distribution of accepted projects is different in the aggregate and individual evaluation cases under their respective optimal contracts. In the example, under individual evaluation the probability that any one project is accepted is 2/3, and the probability of two, one and zero accepted projects of (2/3)2 = 4/9, 2(2/3)(1/3) = 4/9, and (1/3)2 = 1/9, respectively. Also, the expected number of projects accepted is 2(2/3) = 4/3. From Table 2, in the aggregate case the probability of two, one and zero accepted projects is 13/18, 0, and 5/18, respectively. Therefore under bundling the expected number of projects accepted is 2(13/18) = 13/9, which is greater than 4/3.


More to the point is the effect on the superior’s expected profit. Recall it is the superior who we might expect to choose the funding rule, in which case aggregation will only occur if it is to her benefit. In the individual evaluation case the superior receives an expected residual of 2(2,333) = 4,666, where in the aggregate case she receives 5,056. The principal has benefited by an improvement in the tradeoff of expected slack and lost production. Therefore, the superior would be willing to commit to a process wherein the projects are bundled and aggregate budgets are elicited from the subordinate. 


The benefit to the superior of bundling results from an improved tradeoff between slack and lost production. In the single project case the subordinate’s expected slack is equal to 1,000 and expected lost production is 667. These two opportunity costs sum to the difference between the expected profit if all projects are taken, 4,000 and that achievable in the presence of the subordinate’s private information, 2,333. By using independent evaluation, these opportunity costs are of course twice what they were in the single project setting 2,000 and 1,333, respectively. In contrast, by using bundled evaluation, the opportunity costs are 1,556 and 1,388, respectively, whose sum is equal to the difference between two-project profit of 8,000 if all projects are taken and that obtained by the superior of 5,056.


As noted above, aggregating budget requests may not be the best the superior can do when bundling projects. However, the schemes that can improve on aggregation are more complex.
 In many circumstances using an aggregated accounting system is sufficient to obtain benefits from bundled evaluation. This is significant, as in practice highly complex compensation schemes carry their own costs (such as negotiation and enforcement) and we have now illustrated a rationale for aggregation entirely separate from the usual explanation of cost effectiveness and limited user attention.


The subordinate, and society as a whole, do not fare as well under aggregation. In the aggregation case the subordinate receives expected slack equal to 1,556. 
 This amount is less than the 2,000 he would receive in the individual submission case. Perhaps most surprising is the social welfare effect of aggregation. Assuming the superior and subordinate’s welfare are equally weighted, the social welfare measure is 6,611 = 5,056 + 1,556. However, in the individual submission case it would be 6,666 = 4,667 + 2,000. The fact that social welfare is less under aggregation should be quite surprising at first, because: (1) all investment is productively efficient and (2) bundling increases the probability of investment. So the natural question that arises is why the decrease in social welfare, despite the higher project acceptance rate? 


In order to understand the social welfare effect of aggregation we must examine the characteristics of the projects being accepted. Under individual evaluation, regardless of the chosen target, only the lowest-cost projects would be accepted. So if aggregation simply added new projects to the list of those accepted under individual evaluation, we would conclude that social welfare would increase.  However, this is not what occurs under aggregation.


To illustrate, denoting the cost outcomes from Projects 1 and 2 by (c1, c2), consider the two equally likely outcomes (6,000, 2,000) and (4,000, 5,000). If the first outcome were realized, both projects get accepted under aggregation while only Project 2, with a cost of 2,000, would get accepted under individual evaluation. If the second outcome were realized, Project 1, with a cost of 4,000, would get accepted under individual evaluation, while neither would get accepted under aggregation. Looking at these two outcomes in isolation, the move from individual evaluation to aggregation causes a gain of a 6,000-cost project and a loss of 4,000-cost project — not a very good trade with respect to social welfare.


Table 3 presents a comparison of the projects gained and lost through aggregation. We see that while aggregation adds more projects than it loses, the unique projects under aggregation provide less total profit than the unique projects under individual evaluation. The expected net effect on total expected profits from using aggregation instead of individual evaluation is: (1/36)(2,500 +  . . . + 1,500) - (1/36)(4,500 + . . . + 3,500) =  (1/36)(21,000 – 23,000) = - 55. In essence, a pooling occurs with aggregation, which leads to both benefits and costs of aggregation. In this particular instance aggregation increases the welfare of the superior, but decreases the welfare of the subordinate and also the combined welfare of superior and subordinate.

[ Insert Table 3 about here. ]


The effects of bundling we illustrate have a wide array of manifestations in practice. For example, the beneficial effect of offering group health insurance, as opposed to individual policies, is very much related to the issues we explore. An insurance company is much better able to measure and price the expected health cost of a group relative to an individual and therefore can offer lower premiums.
 Also related is the wholesale market for diamonds. When diamond merchants buy diamonds from Debeers, they must buy an entire lot (known as a bag), or face severe sanctions. Granted, Debeers has a near monopoly and can enforce many rules of commerce others cannot, but this particular policy tends to cut down on transaction and negotiation costs and is not necessary for the extraction of monopoly rents — Debeers can simply raise prices to accomplish that. 


In both of the examples cited above, it is the bundling of good and bad that is at the heart of the rationale for bundling items.  In the case of group health insurance, bundling allows higher risk individuals to obtain health insurance that they might otherwise not be able to obtain.  In the case of diamond selling, bundling allows lower quality diamonds to be sold without costly negotiations. These effects are analogous to bundling budget proposals allowing higher cost (lower quality) projects to be funded that otherwise would not have been funded.


A natural question that arises is whether further aggregation can lead to more gains for the superior. The answer is yes, and we briefly display the effects of aggregating three projects below. The projects are identical to the project originally introduced in Section 2. In Table 4 we present the expected profits for the owner for each of the possible 16 targets in the three-project case.

[ Insert Table 4 about here. ]


Inspecting Table 4 we find that there are gains to bundling three projects together and requiring aggregated budget proposals. The optimal target for the three-project case is 13,000. This is no longer the number of bundled projects (3) times the optimal single project target of 4,000. Now there is 181/216 probability of project approval or about 83.8%, as compared to a 66.7% approval rate in the disaggregate case, and a 72.2% in the two-project aggregate case. The superior now earns expected profits equal to 7,961, which is greater than that achieved in individual evaluation case, 7,000 = 3 (2,3331/3). Interestingly, the subordinate’s welfare is also improved by aggregation, as he receives expected slack of 3,370, which is 13,000 minus 9,630 (the expected cost conditional on acceptance) multiplied by the probability of acceptance (181/216), which is above three times the single project expected earnings of 3,000. In contrast to what occurs when we move from the individual evaluation to bundling two-project setting, further aggregating into three projects increases social welfare. Interestingly, there may be cases where individual evaluation is preferred if two projects are aggregated but aggregation is preferred if three are aggregated.


Table 5 presents a summary of the three cases that we have considered. The increase in the number of projects aggregated from two to three has led to an improvement in the welfare of both the superior and the subordinate, and hence society as well. A final issue to consider is the limit of the benefit of aggregation, or more generally, bundling.  The benefits are limited for several reasons. First, in every practical situation the number of items that can be bundled is limited and may even be quite small. Second, even if there are a large number of items that can be bundled, the benefits of aggregation are of course less than the opportunity cost of information asymmetry. Finally, it is possible the subordinate derives some of his compensation from slack. Therefore, as the subordinate’s informational advantage is being reduced his total compensation may be driven down to competitive levels, in which case further reductions are not possible lest the subordinate leaves the firm.

[ Insert Table 5 about here. ]

3.
A Simple Classroom Experiment


In this section we describe a simple classroom experiment that further enhances the learning experience related to bundling and resource allocation. In general, classroom experiments have been gaining wider acceptance as a pedagogic tool in accounting instruction. Detailed guidance is available on implementation of classroom experiments in such areas as auditing (Boylan, 2000; Boylan, 2004; Schwartz, Spires and Young, 2005), financial accounting (Berg, Dickhaut, Hughes, McCabe and Rayburn, 1995; Kachelmeier and King, 2002) and management accounting (Schwartz, Wallin and Young, 2007). Many of the administration issues with classroom experiments such as compensation, anonymity and the use of teams have been covered in great detail in the literature and therefore we direct the interested reader to those cites mentioned above.


In addition, we urge instructors to administer the experiment before the illustration of the theory. Our experience has been that if students are made aware of the theory, their actions in the experiment represent an attempt to conform to the theory rather than their natural inclinations. This eliminates much of the value of the experiment. Therefore, we suggest that students not read this note until after participating in the experiments. Below we present the details of the experiment.

3.1 Administration of Experiment


We present two variations of the classroom experiment. The variations follow closely from the numerical illustrations presented above, except that in the second variation we suggest bundling five projects rather than two or three in order to highlight the effects of project bundling. Typical administration time is 20 to 30 minutes depending on the size of the class and the number of iterations run. Designating one or two students as instructor’s aides can significantly ease the burden of administration.
Variation 1

This variation follows closely from the Single Project Setting. The instructor should assign one individual the role of Player A (Superior) and another to the role of Player B (Subordinate).
 Player A is the residual claimant to an investment project. Player B has private cost information regarding the project. The parameters for the project are exactly as described in the preceding section. The project has certain revenues of 7,500 and cost uniformly distributed with positive support on 1,000, 2,000, 3,000, 4,000, 5,000 and 6,000. The project yields 7,500 – funding and funding – cost, to Players A and B respectively, if approved, and zero to both players otherwise.


Player A moves first by choosing a target, k. Player A commits to provide funds equal to k for any project with reported costs at or below k, and to reject the project otherwise. Player B, situated outside the class. The instructor roles a single die, in the presence of Player B only, multiplying the outcome by 1,000 to obtain the cost. The instructor also informs Player B of the target cost. Player B then gives her report to the instructor. The instructor communicates the report to the entire class, including to Player A. The class is therefore informed of all aspects of what happened except the actual cost.


Player A optimally sets the target at 4,000. Player A earns 2,333 in expected profits and Player B earns 1,000 in expected slack. The instructor should administer at least three iterations with the same Player A, each time choosing a new individual to play the role of Player B. This procedure is recommended because Player A’s task is more complex and it make take him or her several iterations to settle on a value for k. At each iteration the instructor should roll the die to obtain a new cost, so that a prior round’s observed activities are not informative about the current actual cost.

Variation 2


Variation 2 is similar to Variation 1 with the following modification. Player B’s report will now concern the total cost of five projects, each identical to the single project in Variation 1. Given this structure, the total cost may be between 5,000 and 30,000 and the revenue of an accepted bundle is 37,500 = 5(7,500). For each bundle five dice should be rolled to obtain the corresponding cost observable only to the instructor and Player B. This and all other communication is to be carried out as in Variation 1.


The instructor might want to administer four or five iterations with the same Player A, as the task is more complicated than in the single-project setting. However, students can be rotated into and out of the role of Player B, as that task is simpler and fairly transparent. 


The theoretical solution to the game is to set the target cost equal to 21,000. This will cause 84.8% of the projects to be funded. In expectation Player A earns 13,991 and Player B earns 4,562. Notice that 4,562 is less than 5 times the subordinate’s single project earnings of 1,000. As we noted above, this is a general result, reducing the subordinate’s information advantage will, in the limit, reduce his or her expected informational rents.

3.2 Discussion of Experiment 

The experimental setting facilitates the discussion of several budgeted-related topics. Typically three issues are most salient. First, students notice that positive NPV projects are being turned down, in contrast to standard textbook recommendations.
 Second, it is evident that bundling can be useful, and even if gains to Player A are not economically significant, students develop an understanding of the effects on the distribution of costs due to bundling. Third, students identify the importance of having Player A credibly commit to a target.


With respect to turning down positive NPV projects, the instructor should link this observation to the evidence cited by Antle and Eppen (1985) that firms have found it useful to employ hurdle rates for project approval that are greater than their own cost of capital. Antle and Eppen (1985) also cite evidence that slack creation may be upwards of 25% of divisional expenses; students should appreciate that management control concerns far transcend scholarly study.
 In fact Antle and Fellingham (1997) argue that management control issues are of first-order importance in the information acquisition activities of the firm. Therefore any approach, such as bundling, that reduces slack creation should be of interest to practitioners and academics alike.


With respect to the issue of commitment, it seems quite clear, in theory, that Player A’s ability to commit is crucial in mitigating Player B’s informational advantage. However, empirical observation sometimes does not support theoretical prediction when it comes to human behavior. We suggest, as an interesting extension to the experiments described above, to administer Variations 1 and 2 without allowing Player A to commit to a target cost. Instead the Player A makes a non-binding announcement regarding her target cost. Player A decides whether to fund projects at their reported cost, unhindered by her previous announcement. Administration of this setting with a single project is described in Schwartz et al. (2007) as Experiment 1, Variation 3. It is also the subject of scholarly experiment by Rankin et al. (2003), in their non-binding announcement treatment. This extension allows for greater examination of commitment and behavioral issues associated with budgeting.



We recently administered Variation 1 and 2, as well as the extension described above, over several class sessions in an advanced managerial accounting course open to undergraduate and master’s students. Students formed four teams, two Team A’s and two Team B’s. Each Team A repeated Variation 1 (2) three (five) times in succession, Team B’s were randomly assigned each completing three (five) rounds in Variation 1 (2). In Variation 1, the median target set by both Team A’s was 5,000 which is close to the theoretical prediction of 4,000. Results are similar for Variation 2, the median target for both Team A’s was 22,000 and 20,000, respectively. Team A’s earnings as well as joint earnings are also greater in Variation 2 compared to Variation 1, consistent with the prediction of the economic model. The results from the no commitment variations had the students turn down profitable projects, despite the cost of doing so and the lack of commitment. The results are consistent with our experiences, in general. 


We also administered a survey to the same class after the students had completed the experiment to ascertain the effect of their participation in the experiment on their appreciation of the factors important in the budgeting process. A total of 56% of the students indicated that they had a greater (44%) or much greater (11%) understanding and appreciation of the factors that are important in the budgeting and capital investment process after participating in the experiment. In addition, 67% of students felt they had a greater appreciation of the role of bundling and commitment in the budgeting process.
 Finally, 89% felt they had a greater (67%) or much greater (22%) understanding and appreciation of the ethical issues involved in the budgeting process. The note was administered after more traditional coverage of budgeting, which may be why students gave higher responses for topics not typically covered on budgeting (e.g., bundling and ethics) than on a general question on budgeting.

4.
Classroom Implementation

We suggest that this note be implemented in advanced undergraduate management accounting courses or master’s level management accounting courses. In addition the note may be useful in first-year doctoral seminar courses, perhaps immediately preceding the discussion of related academic papers. We would not, in general, suggest use in sophomore level management accounting courses, though some sophomore honors courses may be appropriate for limited implementation, depending on the structure of the course.


The note clearly relates to budgeting issues. However we would suggest implementing the note in conjunction with the course component on management control unless management control issues are infused throughout the course. This is because there is often a significant investment in the underlying economics made before individual control problems are considered and it is more efficient to group discussion of various control topics together. Several pedagogic resources relating accounting and management control are cited in Nikias, Schwartz and Young (2005) and are useful before consideration of control individual issues in a management accounting course. Further, because Nikias et al. (2005) also consider aggregation from a management control point of view it may be good companion note. Other pedagogic papers related to budgeting and management control are Arya et al. (1998) and Arya, Fellingham and Young (1996).


As stated previously, we strongly urge the instructor to implement the classroom experiment before the numerical examples. Otherwise students will try to conform to the perceived “correct” behavior they have previously learned, rather than enjoying the experiment as a unique learning experience. Discussion of the experiment may either directly follow its implementation or be delayed until after presentation of the entire note.


Several student exercises have been suggested throughout the note. For example, students should be asked to calculate the optimal target in the bundled evaluation and individual evaluation cases using different values for the per project revenues. Students should then be asked for an explanation of why increases in revenues cause increases in the cutoff. The instructor can also present situations where the revenue is less than the highest possible cost and ask if it is possible under aggregation to have a project approved with a negative NPV. This should highlight the possible negative effects of aggregation on social welfare. Finally, for a doctoral level or research related master’s level the instructor should consider introducing the continuously-distributed cost case.


In general, we find that the key to successful implementation is sufficient time devoted to motivating interest in management control. This is why we urge instructors not to append this note to the discussion of budgeting without sufficient preparatory time taken to introduce management control. It is better to use available time to get students up to speed on control issues in general than to try to present many different specific control scenarios. We find that with sufficient preparation and the use of spreadsheet software the mathematics required in the analysis herein is well within the grasp of undergraduate accounting students.

5.
Conclusion

In this note we illustrate the value of bundling budget requests when firms are faced with management control issues. We employ simple numerical examples and a classroom experiment without going through formal equilibrium derivations and proofs. Our illustrations show that by bundling project proposals and exploiting the Central Limit Theorem, superiors can reduce the information advantage held by subordinates. Further, the method we employ for bundling project proposals, aggregation, is ubiquitous in accounting reports and therefore integrates well with many management accounting courses.


We find that students ranging from sophomore honors to first-year doctoral can benefit from this note. The benefits are two-fold. First, students gain a better understanding of an important market friction, slack creation, which may consume upwards of 25% of divisional expenditures. Second, students gain exposure to recent advances in accounting theory that might otherwise be unavailable to them. Finally this note can be administered in a reasonable amount of time, given students have been sufficiently prepared for the study of management control topics.
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Figure 1: Payoffs to superior, subordinate and society

	Individual
	Payoff

	Superior
	   7,500 - funds provided to subordinate

	Subordinate
	+ funds provided to subordinate - cost

	Total surplus
	   7,500 - cost


Figure 2: Superior and subordinate’s welfare

	
	Conditional on c
	Expected at time contract is offered

	Superior
	R – k, c ≤ k,
0 otherwise
	F(k) (R – k) + [1 – F(k)] 0

	Subordinate
	c – k,  c ≤ k,
0 otherwise
	F(k) (k – E[c| c ≤ k]) + [1 – F(k)] 0

	Total Surplus
	R - c
	F(k) (R- E[c | c ≤ k])


Figure 3: Probability mass functions for single roll of die and sum of roll of two dice
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c = cost outcome in the one-project setting

f(c) = mass function for cost (probability cost = c)

(c1, c2) = aggregate cost outcome in the two-project setting

f(c1+c2) = mass function for aggregate cost (probability total cost equals c1+c2.)

Table 1: Optimal contract with one project

	Revenue (R)
	Target cost (k)
	Superior’s Profit Given Acceptance
	Probability of Acceptance

= F(k)
	Superior’s Expected Profit
	Subordinate’s Expected Slack
	Total Expected Profits

	
7,500
	
1,000
	
6,500
	1/6
	
1,083
	
0
	
1,083

	
7,500
	
2,000
	
5,500
	2/6
	
1,833
	
167
	
2,000

	
7,500
	
3,000
	
4,500
	3/6
	
2,250
	
500
	
2,750

	
7,500
	
4,000
	
3,500
	4/6
	
2,333
	
1,000
	
3,333

	
7,500
	
5,000
	
2,500
	5/6
	
2,083
	
1,667
	
3,750

	
7,500
	
6,000
	
1,500
	1
	
1,500
	
2,500
	
4,000


Table 2: Optimal contract with two aggregated cost reports

	Revenue (R)
	Target cost (k)
	Superior’s Profit Given Acceptance
	Prob. of Acceptance

= F(k)
	Superior’s Expected Profit
	Subordinate’s Expected Slack
	Total Expected Profits

	
15,000
	
2,000
	
13,000
	
1/36
	
361
	
0
	
361

	
15,000
	
3,000
	
12,000
	
3/36
	
1,000
	
28
	
1,028

	
15,000
	
4,000
	
11,000
	
6/36
	
1,833
	
111
	
1,944

	
15,000
	
5,000
	
10,000
	
10/36
	
2,778
	
278
	
3,056

	
15,000
	
6,000
	
9,000
	
15/36
	
3,750
	
556
	
4,306

	
15,000
	
7,000
	
8,000
	
21/36
	
4,667
	
972
	
5,639

	
15,000
	
8,000
	
7,000

	
26/36
	
5,056
	
1,556
	
6,611

	
15,000
	
9,000
	
6,000

	
30/36
	
5,000
	
2,278
	
7,278

	
15,000
	
10,000
	
5,000

	
33/36
	
4,583
	
3,111
	
7,694

	
15,000
	
11,000
	
4,000
	
35/36
	
3,889
	
4,028
	
7,917

	
15,000
	
12,000
	
3,000
	
1
	
3,000
	
5,000
	
8,000


Table 3: Projects accepted uniquely in aggregation and disaggregation in two-project example

	Outcome where one project accepted only under aggregation
	Project accepted only under aggregation
	
	
	

	Project 1
	Project 2
	Project 1
	Project 2
	Incremental profit 
	Probability of outcome
	Expected incremental profit

	1,000
	5,000
	
	5,000
	2,500
	1/36
	69

	1,000
	6,000
	
	6,000
	1,500
	1/36
	42

	2,000
	5,000
	
	5,000
	2,500
	1/36
	69

	2,000
	6,000
	
	6,000
	1,500
	1/36
	42

	3,000
	5,000
	
	5,000
	2,500
	1/36
	69

	5,000
	1,000
	5,000
	
	2,500
	1/36
	69

	5,000
	2,000
	5,000
	
	2,500
	1/36
	69

	5,000
	3,000
	5,000
	
	2,500
	1/36
	69

	6,000
	1,000
	6,000
	
	1,500
	1/36
	42

	6,000
	2,000
	6,000
	
	1,500
	1/36
	42

	Total social welfare gain from aggregation relative to disaggregation
	583

	
	

	Outcome where one project accepted only under disaggregation
	Project accepted only under aggregation disaggregation
	
	
	

	Project 1
	Project 2
	Project 1
	Project 2
	Profit from outcome
	Probability of outcome
	Expected gain

	3,000
	6,000
	3,000
	
	4,500
	1/36
	125

	4,000
	5,000
	4,000
	
	3,500
	1/36
	97

	4,000
	6,000
	4,000
	
	3,500
	1/36
	97

	5,000
	4,000
	
	4,000
	3,500
	1/36
	97

	6,000
	3,000
	
	3,000
	4,500
	1/36
	125

	6,000
	4,000
	
	4,000
	3,500
	1/36
	97

	Total social welfare gain from disaggregation relative to aggregation
	639

	Net social welfare gain from disaggregation
	56


Table 4: Optimal contract with three aggregated cost reports

	Revenue (R)
	Target cost (k)
	Superior’s Profit Given Acceptance
	Prob. of Acceptance

= F(k)
	Superior’s Expected Profit
	Subordinate’s Expected Slack
	Total Expected Profits

	22,500
	3,000
	19,500
	1/216
	90
	0.00
	90 

	22,500
	4,000
	18,500
	4/216
	343
	5 
	347 

	22,500
	5,000
	17,500
	10/216
	810
	23 
	833 

	22,500
	6,000
	16,500
	20/216
	1,528
	69 
	1,597 

	22,500
	7,000
	15,500
	35/216
	2,512
	162 
	2,674 

	22,500
	8,000
	14,500
	56/216
	3,759
	324 
	4,083 

	22,500
	9,000
	13,500
	81/216
	5,063
	583 
	5,646 

	22,500
	10,000
	12,500
	108/216
	6,250
	958 
	7,208 

	22,500
	11,000
	11,500
	135/216
	7,188
	1,458 
	8,646 

	22,500
	12,000
	10,500
	160/216
	7,778
	2,083 
	9,861 

	22,500
	13,000
	9,500
	181/216
	7,961
	2,824 
	10,785 

	22,500
	14,000
	8,500
	196/216
	7,713
	3,662 
	11,375 

	22,500
	15,000
	7,500
	206/216
	7,153
	4,569 
	11,722 

	22,500
	16,000
	6,500
	212/216
	6,380
	5,523 
	11,903 

	22,500
	17,000
	5,500
	215/216
	5,475
	6,505 
	11,979 

	22,500
	18,000
	4,500
	1
	4,500
	7,500 
	12,000 


Table 5: Summary comparison of Aggregation and Disaggregation

	
	Aggregation
	Replication of Single Project Case (Disaggregation)

	
	Target cost (k)
	Superior Earnings
	Subordinate Earnings
	Total Earnings
	Superior Earnings
	Subordinate Earnings
	Total Earnings

	Single Project
	4,000
	2,333
	1,000
	3,333
	N/A
	N/A
	N/A

	Two Projects
	8,000
	5,056
	1,556
	6,611
	4,667
	2,000
	6667

	Three projects
	13,000
	7,961
	3,370
	11,331
	7,000
	3,000
	10,000


Footnotes

�	See Arya, Fellingham and Glover (1988) for an analysis of a variety of situations where deviations from the net present value criteria may be useful.


�     An additional reason subordinates may consume slack is a belief that unconsumed slack may result in reduced budgets in the future (Chen and Jones, 2007).


�     It has been demonstrated that aggregation and delay can be useful for management control purposes, where management control refers to activities undertaken by the firm to better align the goals of owners and employees. For example, aggregation and delay has been shown to be useful in efficiently motivating managers to take actions desired by the firm in multi-task settings (Arya, Glover and  Liang, 2004; Gigler and Hemmer, 2002; Nikias, Schwartz and Young, 2005).


� 	It may be that an ex post audit of the cost is too expensive to justify. Alternatively, one may think of the model as helping to identify the benefits of a costly audit, should it be under consideration by the superior.


� 	Economists use the term moral hazard to describe this situation where the subordinate is put in a position that when acting in his own best interest an inefficient outcome results.


�	Calculating the costs and benefits of moving k from 4,000 to 5,000 provide a good exercise for the students.


� 	For example, society bears the cost of enforcing traffic ordinances and the cost of hiring security guards at retail stores.  Presumably those resources could have been put to other uses, such as medical research or developing a more challenging video game.


� 	This issue is explored in an experiment by Rankin et al. (2003).


� 	Some type of disagreement is fundamental to the study of management control, because if the superior and subordinate had inherently similar goals there would be little need for management control activities.


�     In fact, researchers such as Antle et al. (1999) have developed optimal contracts when bundling is done without aggregating the cost information. However, finding optimal contracts with disaggregated, bundled requests requires more complex calculations than those herein, and adds little to aid intuition about the benefits of bundling project proposals. Therefore, for ease of exposition, we assume bundling is achieved through a reporting system that aggregates costs. Given that aggregation is ubiquitous in accounting, it may be a viable method of implementation under some circumstances.


� 	As an exercise, students can consider the identical situation with the exception that the revenue is 6,000 per project instead of 7,500.  The students should verify that the optimal targets in the one- and two-project settings are 3,000 and 7,000, respectively.  This exercise confirms that target in the two-project setting is not necessarily twice the target of the one-project setting.


�   	One such scheme has the superior offer the manager a menu of choices where the manager may submit the project proposals in a bundle, or individually (Antle et al., 1999).


�	As described in Figure 2, the subordinate’s expected slack is equal to F(k) (k – E[c| c ≤ k]). Using the optimal target of 8,000, the probability of project acceptance is F(8,000) = 26/36. The expected aggregate cost conditional on it being less than or equal to 8,000 is [(1/36) 2,000 + . . .  + 5/36 (8,000)]/(26/36) = 5,846.15, so the subordinate’s expected slack given k = 8,000 is equal to (26/36) (8,000 - 5,846.15) = 1,555.56. Perhaps a more intuitive calculation is (1/36) (8,000 - 2,000) + . . .  + (5/36) (8,000 - 8,000) + (10/25) 0 = 1,555.56.


�   This description of health insurance is quite simplified. The major issue with offering health 


insurance is that it tends to attract less healthy people, thereby driving up the costs for the insurer.  The pooling of individuals at a particular work place helps alleviate this issue.	


� 	Students may participate in small teams, where one team would be the superior and one team would be the manager.


� 	One benefit of this sort of analysis is it reminds us of the simplifying assumptions that must be in place to justify NPV maximization.  See Arya et al. (1998) for further discussion.


�   For a more familiar example, the instructor may refer to Enron. One of the first ways the company ran into problems was overspending on capital projects (McLean and Elkind, 2003). Projects directors had strong incentives to see that projects were funded, and hence were very optimistic regarding profitability. A hurdle rate above the cost of capital might have been helpful in mitigating this control issue.


�    The setting resembles an ultimatum game, except the size of the pot is unknown to the responder (Superior). As with ultimatum games, we would expect the threat of rejection to discipline the offers of the first-mover (Manager). The generally accepted reason for costly rejection of offers is that responders have a disutility for accepting unkind offers and distributions.


� 	The results are from two separate questions.
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