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ABSTRACT 

The existence of private information regarding expected productivity 
requires decentralized firms to develop intrafirm resource allocation mechanisms. 
Participation can help central management acquire and allocate resources according 
to divisional requirements. However, optimal plans require accurate pre-allocation 
communications. When preferences regarding local objectives, risk, and resources 
diverge, division managers may bias communications, creating budgetary slack. 

This study tested the effectiveness of unit-profit + penalty, firm-profit-
sharing, and Groves incentive schemes in inducing truthful communication and 
controlling resource consumption under uncertainty. The experiment incorporated 
three independent variables: incentive scheme and utility for resource consumption 
were manipulated between-subjects; risk neutrality and risk aversion were induced 
within-subject. 

Three main results are presented. First, contrary to predictions, subjects do 
not misrepresent expected productivity more under risk aversion, regardless of 
scheme. Lack of support could be due to limited understanding regarding the 
experimental task and tradeoffs. The properties of the Groves scheme lead to an 
insufficient spread among its theoretical predictions, restricting the 
misrepresentation range and minimizing opportunities to observe differences. 
Second, both Groves and firm-profit-sharing groups consumed more resources than 
the unit-profit + penalty groups. 

Third, subjects in all groups exhibit significant increases in resource 
consumption under risk aversion. Increased consumption under risk aversion was 
predicted for both the Groves and firm-profit-sharing groups. However, decreased 
consumption was hypothesized for the unit-profit + penalty group. To contend with 
a difficult task under risk aversion and to increase the probability of winning when 
feedback indicated a low overall likelihood, subjects may have responded with 
"overconsumption strategies." 

Overall findings suggest that, although a unit-profit + penalty scheme does 
not appear to control misrepresentation better than either Groves or firm-profit-
sharing schemes, it is more effective in controlling resource consumption. 
However, its effectiveness in controlling consumption diminishes with risk aversion. 



Chapter 1. Introduction. 

A multidivisional firm is similar to a market economy along many 

dimensions. Typically, a multidivisional firm has internal capital and labor 

markets, unemployment and public goods problems, and planners and forecasters 

[Spence, 1976]. Most importantly, like an economy, a multidivisional firm must 

develop internal resource allocation/coordination mechanisms. However, unlike an 

economy, a multidivisional firm cannot always rely on an explicit price mechanism. 

Indeed, some theorists identify a firm's boundaries in terms of transactions for 

which the price system has been superseded [Coase, 1937; Arrow, 1974].1 

Given information asymmetries regarding local productivity, multidivisional 

firms must develop non-price coordination mechanisms. Participation, or upward 

'Divergent preferences and asymmetric information together under uncertainty can 
lead to a failure of the price mechanism and the subsequent emergence of 
multidivisional firms to replace market organizations. For a thorough treatment of this 
topic, see Williamson (1975). 
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communication of private information, can enable central management to develop 

and coordinate divisional plans, acquire resources necessary to fulfill budgets, and 

allocate resources according to local requirements and opportunities. However, 

optimal plans and allocations require accurate pre-allocation communications. 

When preferences regarding local objectives, risk, or organizational resources 

diverge, division managers may bia> their upward communications. For example, a 

division manager may prefer to (1) maximize his local performance measure rather 

than corporate profits; (2) reduce local operating risks at the expense of higher 

expected unit profits; and, (3) consume perquisites rather than invest resources in 

production. Further, participative budgets which serve as a benchmark in both 

planning and performance evaluation may motivate managers to misrepresent 

private information. In sum, asymmetric information, divergent preferences, and 

the dual role of budgets may motivate division managers to build budgetary slack 

by misrepresenting their private information [Cyert and March, 1963; Schiff and 

Lewin, 1970; Lukka, 1988].2 

Appropriately designed incentive schemes may mitigate intrafirm 

coordination problems. For example, the Groves incentive scheme induces division 

managers to communicate honestly and maximize global post-allocation 

performance given certain assumptions (e.g.. pay is the only argument in a 

information distortion during participation can lead to a corresponding distortion 
in global and local budgets (i.e., budgetary slack). 



manager's utility function) (see Groves, 1973; Loeb and Magat, 1978; Groves and 

Loeb, 1979). By aligning preferences such that division managers have the same 

objective function as central management and communicate honestly, the Groves 

scheme is one mechanism which may produce efficient intrafirm resource 

allocations. 

However, the Groves scheme has not been adopted by existing 

organizations. Lack of real-world implementation could be due to two interrelated 

factors. First, the scheme's assumptions may not characterize intrafirm 

environments. Problems due to divergent risk preferences are avoided by assuming 

either that both central and division managers are risk-neutral [Groves, 1973] or 

that division managers possess perfect information about local productivity [Loeb 

and Magat, 1978; Groves and Loeb, 1979]. Assuming that utility depends only on 

pay circumvents perquisite consumption and other moral hazard problems. Second, 

extant incentive systems (e.g.. unit-profit schemes with penalties for unfavorable 

budget variances or firm-profit-sharing schemes) may effectively discourage 

managers from biasing private information. Research is needed to assess the 

comparative advantage of alternative solutions to intrafirm coordination problems. 

Experimental methods may provide an efficient way to cosnpare alternative 

allocation and incentive mechanisms. As Smith (1982) notes, experiments can 

serve several purposes. First, experiments can function to test (behavioral) 

predictions given the environmental and institutional assumptions of an economic 
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theory. Alternatively, through systematic modification of a theory's assumptions, 

experiments can provide information useful in determining where the theory fails 

(i.e.. boundary conditions). Experiments may also be a cost effective method for 

determining the relative merits of proposals for new economic systems. Given both 

the questionable nature of some underlying assumptions and the lack of field data 

regarding Groves schemes, laboratory experiments which incorporate a more 

realistic set of environmental assumptions can assess the comparative advantage of 

alternative intrafirm mechanisms. 

Waller and Bishop (1990) examined the effectiveness of unit-profit and 

Groves incentive schemes in an experimental resource allocation setting. Given 

perfect pre-allocation information regarding local productivity, they found that a 

unit-profit scheme with a penalty for unfavorable budget variance is as effective as 

a Groves scheme in inducing truthfulness, thereby curbing slack. Further, as the 

penalty induces subjects to avoid overstating and invest enough resources to 

generate budgeted unit profit, a unit-profit scheme with a penalty is more effective 

than a Groves scheme in controlling resource consumption given perfect 

information. However, real-world managers must rely on imperfect information 

systems. With environmental uncertainty, risk preferences can become important. 

For example, in stochastic, non-allocation settings, both Young (1985) and Waller 

(1988) found that risk-averse subjects create more budgetary slack than risk-neutral 

subjects given a Weitzman (1976) truth-inducing scheme. 
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No research has examined the determinants of slack given divergent 

preferences for both risk and resources. These divergent preferences together could 

reduce perquisite consumption. For example, when held accountable for budgeted 

output, a risk-averse manager who values resource consumption may not consume 

resources if he must make his investment-consumption decision prior to revelation 

of an uncertain state. That is, a risk-averse manager who creates slack to reduce 

his probability of budget underachievement is unlikely to consume perquisites 

because consumption would reduce the slack which serves to buffer against 

uncertainty. Conversely, a risk-neutral, utility-maximizing manager might not 

hesitate to consume slack. Thus, a unit-profit scheme with a variance penalty could 

mitigate moral hazard problems given state uncertainty and risk aversion. 

Conversely, incentive schemes which do not hold a manager accountable for 

budgeted output (e.g.. Groves or firm-profit-sharing schemes) could exacerbate 

moral hazard problems. 

While the above research has examined the effects of truth-inducing 

schemes [Young, 1985; Waller, 1988; Waller and Bishop, 1990] and unit-profit 

schemes with variance penalties [Waller and Bishop, 1990] on the propensity of 

managers to create budgetary slack, none has explored the effectiveness of firm-

profit-sharing schemes. Indeed, some theorists have noted that profit-sharing 

schemes, although they hold a division manager responsible for decisions out of his 

control, can lead to truth-telling as a Nash equilibrium, provided that no moral 
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hazard problems exist (see Groves, 1973; Loeb and Magat, 1978; Groves and Loeb, 

1979). Given the increasing popularity of profit-sharing schemes [Fitzroy and 

Kraft, 1986] and their theoretical truth-inducing properties, research is needed to 

compare the effectiveness of profit-sharing schemes to both the Groves scheme and 

unit-profit schemes with variance penalties. 

This study's experiment tests the effectiveness of (1) unit-profit with a 

penalty for unfavorable budget variance; (2) firm-profit-sharing; and, (3) Groves 

incentive schemes in allocating scarce resources and in minimizing budgetary slack 

in a stochastic environment. Given these incentive mechanisms, the experiment 

addresses the effect of divergent risk preferences on misrepresentation of private 

information. Additionally, this project examines perquisite consumption when 

division managers can consume allocated resources in a competitive intrafirm 

environment. The research focuses on how incentive schemes and divergent 

preferences for risk and resources jointly determine budgetary slack at the 

divisional level when resource allocation is dependent on managers' participation. 

The remainder of this dissertation is organized as follows. Chapter 2 

presents the relevant literature and develops research hypotheses. A description of 

the experimental design and methods follows in Chapter 3 and includes expected 

results based on the parameter set utilized. Chapter 4 presents hypotheses tests and 

describes the experimental findings. Chapter 5 concludes the study and presents 

topics which warrant further exploration. 



Chapter 2. Theory and Hypotheses Development. 

This chapter discusses theoretical and empirical evidence on budgetary 

slack, emphasizing the effects of asymmetric information and divergent preferences 

on upward communications. Additionally, the Groves, unit-profit, and firm-profit-

sharing incentive schemes are discussed. The discussion focuses on specific 

behavioral effects due to divergent preferences for risk and organizational resources 

under alternative intrafirm incentive structures. Development and statement of 

research hypotheses conclude later sections. 

2.1. Determinants of Budgetary Slack. 

Slack arises when an organization acquires and allocates resources in excess 

of those necessary to accomplish organizational and/or subunit goals [Cyert and 

March, 1963; Antle and Eppen, 1985]. To elaborate, define slack to be the 

difference between a division's true expected performance capability and a 

participatively-set performance standard or output target Performance capability 
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refers to expected (optimal) performance based on available or allocated resources 

and a privately-known, divisional productivity distribution, or expected return on 

investment (ROI).3 Further, slack can be defined as resources allocated in excess 

of the amount needed to achieve a given performance target. As participative 

budgets often serve both to develop and enforce divisional goals, managers may 

either under- or overstate their performance capability to create slack environments. 

Three basic contexts exist where managers have opportunities to distort upward 

communications and create budgetary slack. In all three contexts, managers obtain 

private information about divisional ROI prior to participation.4 

2.1.1. Control Function. 

A budget may serve as a motivation and control device only and have no 

(explicit) role in central planning. Assume that a division manager has a fixed 

amount of inputs to. invest In such an environment, participation is necessary to 

set divisional performance standards or output targets.5 Given that central 

management needs information about expected performance to set relevant 

^Throughout this study, divisional ROI refers to a percentage return on invested 
resources gross of resource cost. Thus, actual ROI defines a productivity relation 
between invested inputs and actual outputs for a given division. Expected ROI is 
conditioned on a division manager's private information regarding this productivity 
relation. 

''The subsequent discussion and works cited therein assume a one-period 
environment. Extension to a multiperiod setting would lead to a different set of slack-
creation strategies. 

,5The Weitzman (1976) environment characterizes this scenario. 
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standards, the simplest, most efficient message-space would entail communications 

about expected output. Messages about expected output would (implicitly) 

incorporate a manager's private information about divisional ROI. Budgetary slack 

would arise when a division manager understates expected output (cf. Schiff and 

Lewin, 1970; Lukka, 1988). Here, when a division manager understates expected 

output, he may create a slack output budget in the form of lower targeted 

performance, or output slack. Further, when budgets are used for performance 

evaluation only, a division manager has no incentive to overstate his expected 

output, as overstatement would increase his output target and decrease his 

probability of achieving budget. 

2.1.2. Coordination Function. 

A budget may serve as a central planning device only and have no (explicit) 

role in performance evaluation. Assume that central management has imposed 

divisional output targets. Here, participation is necessary to achieve optimal 

allocations of a common resource across divisions.6 Given that central 

management needs information about divisional resource requirements, the simplest, 

most efficient message-space would entail communications about required inputs. 

Messages about required inputs would (implicitly) incorporate a manager's private 

information about divisional ROI. Budgetary slack would arise when a division 

manager overstates required inputs. Here, when a division manager overstates his 

6Antle and Eppen (1985) focus on this type of participative budgeting environment. 
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required inputs, he may acquire excess resources and create a slack input budget, or 

input slack. Further, when budgets are used to allocate resources only, a division 

manager has no incentive to understate his required inputs, as understatement would 

decrease his allocated inputs and his probability of achieving the centrally imposed 

target. 

In these two scenarios, divisions are independent and local opportunities and 

results are not affected by other divisions' message-sending strategies. That is, 

when budgets are used for performance evaluation only, other divisions' upward 

communications cannot affect the local division manager's performance standard or 

output target. Likewise, other divisions' upward communications cannot affect the 

local manager's resource allocation when budgets are used to allocate resources 

only to ensure that centrally imposed targets are met. 

2.1.3. Coordination and Control Functions. 

This study focuses on a multidivisional, resource-allocation environment 

where participative budgets can serve as both planning, and motivation and control 

devices. Participation is necessary both to allocate resources among divisions and 

to set local performance standards. In this setting where participation occurs prior 

to resource allocation and subsequent performance standards depend directly on 

allocated resources (i.e.. central management does not impose output targets), the 

simplest, most efficient message-space would entail communications about expected 

ROI because neither inputs nor outputs are fixed. Also, unlike the prior two 
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scenarios, other divisions' message-sending strategies can affect the magnitude of 

input budgets and, hence, performance standards or output targets. 

Both types of slack may occur when division managers misrepresent their 

private information in this resource aliocation setting. First, budgetary slack can 

arise when a manager creates a downward bias in his performance standard. If a 

manager understates expected ROI, he creates a lower performance standard or 

target relative to true performance capability (cf. Schiff and Lewin, 1970; Lukka, 

1988). Second, budgetary slack can arise when a division manager attempts to 

obtain excess resources by biasing his budget in the opposite direction. If a 

division manager overstates his expected ROI, the net effect is an overstatement of 

that division's potential profitability relative to true capability (cf. Lukka, 1988). 

Consequently, central management may allocate more resources to his division 

relative to the optimal resource allocation for the firm, and fewer resources than 

optimal to some other division(s) whose true ROI is greater than the division that 

miscommunicates. 

Figure 1 delineates the main determinants of budgetary slack in this resource 

allocation setting. Two necessary conditions for slack to occur are participation and 

divergent preferences between divisional and central managements. The existence 

of asymmetric information gives rise to a demand for participation in a 

decentralized firm. That is, when division managers possess private information 
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regarding divisional productivity, central management cannot develop operating 

plans (budgets) and allocate organizational resources efficiently without upward 

communication of private information. Division managers who participate have 

opportunities to distort private information. 

Given the opportunities which arise through participation, division managers 

may distort private information due to incongruent local and global objectives, and 

to divergent preferences for risk and/or resources. As noted earlier, a division 

manager may prefer to maximize his local performance measure rather than 

corporate profits. For example, a manager whose bonus is a function of division 

profits only may not be concerned with firm-wide profits. Consequently, he may 

distort private information to maximize his local performance measure, disregarding 

the impact such distortion could have on another division or the company as a 

whole (e.g.. distortion could lead to a suboptimal resource allocation). Given 

uncertainty, risk preferences can drive division managers to distort private 

information to buffer the impact of noncontrollable events [Cyert and March, 1963]. 

As a manager becomes more risk averse, his propensity to distort private 

information may also increase. Preferences for organizational resources, whether 

human (e.g.. managerial effort, direct labor) or nonhuman (e.g.. capital, raw 

materials, overhead), can also lead to distorted communications. Shirking, stealing 

or siphoning supplies, and perquisite consumption can all arise due to divergent 
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preferences for resources [Antle and Eppen, 1985; Heimer, 1985; Leibenstein, 

1976]. 

Figure 1 also delineates several environmental variables that can affect a 

division manager's propensity to misrepresent private information. These 

characteristics of the intrafirm environment mediate the role which divergent 

preferences for both risk and resources play in the creation of budgetary slack. 

First, the role which participative budgeting assumes in the organization is critically 

important. That is, budgets can serve as planning devices, as motivation/control 

devices, or both. Budgets which serve in both planning and control contexts may 

create goal incongruencies. Second, the local information system also impacts 

managerial communication strategies. When managers must rely on imperfect 

information, risk preferences may assume greater importance. Third, intrafirm 

competition can affect a manager's propensity to distort private information. For 

example, a division manager who must compete with other divisions for a fixed 

amount of organizational resources may overstate more often than one in an 

organization which supplies all divisions' needs given that a required rate of return 

is met. Fourth, opportunities for lateral communications can lead to collusive 

agreements involving intentional misrepresentations. Fifth, interdivisional 

dependence ("e.g., highly correlated production technologies) may affect intrafirm 

communications. Finally, intrafirm behavioral norms and personal morals may also 

play a role in determining communication strategies. 
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Divergent preferences and environmental variables interact to determine 

message-sending strategies during participation. When a budget serves as a 

motivation and control device (i.e.. for performance evaluation), regardless of 

whether or not it serves in planning, a division manager may understate his 

expected ROI. As noted above, when a division manager understates expected 

ROI, he may create a slack output budget in the form of lower targeted 

performance, or output slack. Given a realized ROI greater than target, a division 

manager need not expend all allocated resources to meet the (lower) output budget 

(i.e., he could shirk or consume perquisites). Conversely, he can invest all 

allocated resources to obtain a higher performance measure. Here, budgetary slack 

may be defined as excess resources allocated to a division relative to the minimum 

resources required to achieve the participatively-set budget or output target. 

Misrepresentation arises due to a performance evaluation intention [Lukka, 1988]. 

That is, when a budget serves to evaluate a manager's performance ex post, a lower 

budget increases the probability of a favorable evaluation, given that other factors 

affecting performance are equal. 

On the other hand, when budgets serve only as planning devices, a division 

manager may be motivated to overstate expected ROI. When a division manager 

overstates expected ROI, budgetary slack may be defined as excess resources 

allocated to a division relative to the optimal resource allocation for the firm. Here, 

a division manager may acquire excess resources, thereby creating a slack input 
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budget, or input slack. Lukka notes that misrepresentation here arises from a 

resource intention. That is, overstatement serves to maximize a manager's control 

over resources and, hence, divisional profitability, resource consumption, and 

subsequent bonus pay. Resource intention could also lead a division manager to 

understate expected ROI under certain conditions. For example, when a division 

manager faces a low productivity distribution and a performance measure which 

depends, in part, on other divisions' expected or actual ROI, understatement could 

maximize the reward component due to other divisions' profitability while 

minimizing the impact of local profitability on the performance measure. 

Occasionally, such understatement could result in under-allocation of resources 

locally, but over-allocation of resources to other divisions. 

Lukka notes that the main distinction between the performance evaluation 

and resource intentions in budgetary biasing is the economic impact which 

misrepresentation can have on the firm's global performance. Potentially, slack due 

to a resource intention can have a more negative impact on the organization. That 

is, excess resources acquired by a division may be misused from an economic 

viewpoint, by being either consumed locally or invested in a division that is less 

profitable than another (i.e., managerial behavior may be unproductive). On the 

other hand, biasing which results from a performance evaluation intention may still 

lead to productive behavior during the performance evaluation period, especially if 

bonus pay increases with budget overachievement In the case of output slack, 
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firm-wide performance would be enhanced as long as global profits increase more 

than bonus pay due to budget overachievement. Thus, the key reason to distinguish 

between output and input slack lies in the latter's greater threat to the economic 

viability of the firm. 

To summarize, incentives to create output slack arise whenever participative 

budgets are used as a benchmark during performance evaluation. To ensure a 

higher probability of a favorable evaluation ex post, a division manager may 

understate his ROI, thereby creating a lower performance standard. Further, a 

direct relationship exists between understatement and output slack. That is, if 

central management incorporates messages about ROI directly into subsequent 

performance standards, any understatement will automatically result in output slack. 

On the other hand, incentives to create input slack arise whenever participative 

budgets are used to allocate a common, centrally-acquired resource. To obtain a 

higher performance standard and/or to maximize opportunities to consume 

perquisites, division managers may misstate ROI and attempt to create input slack. 

Further, input slack will arise only if misstatement is severe enough to upset the 

optimal resource allocation for the firm. That is, misstatement given a resource 

intention does not automatically result in input slack. Finally, where budgets serve 

a dual role, incentives to create both types of slack can exist. Output slack exists 

with respect to a divisional output goal used during performance evaluation, 
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whereas input slack exists with respect to a global optimization goal which may be 

upset by division managers' opportunistic behaviors. 

2.2. Incentives under Participative Budgeting. 

2.2.1. Non-Resource-Allocation Settings. 

When resource allocation or central planning is not relevant, budgets can 

serve only as motivation and control devices. Here, central management enforces 

the participatively-set budget during the performance evaluation process. Budget-

based incentive schemes (e.g.. Weitzman truth-inducing schemes and unit-profit 

schemes with penalties for unfavorable budget variances) would allow central 

management to enforce participatively-set targets. Given the motivation and control 

function which budgets perform, this setting is likely to invoke a performance 

evaluation intention if the reward system is not incentive compatible. That is, 

managers would understate expected output or ROI, thereby creating output slack. 

Further, if current period performance affects future participatively-set performance 

standards (i.e.. central management invokes a "ratchet"), a manager could also be 

motivated to perform suboptimally, thereby lowering current profitability 

[Weitzman, 1980].7 That is, if central management always increases future 

participatively-set targets beyond current actual performance, a division manager 

may underperform now to avoid a large ratchet effect in the future. 

7Also, if output is not verifiable ex post, a manager may be motivated to 
misrepresent actual output to conceal his suboptimal performance. For example, see 
Healy (1985). 
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Chow, Cooper, and Waller (1988) examined the effects of incentives and 

information structure on the creation of (output) slack by using a Weitzman (1976) 

truth-inducing scheme. The Weitzman scheme rewards risk-neutral workers based 

on a participatively-set budget or standard. The worker is paid on a piece-rate basis 

according to his standard production. In addition, if the worker produces less than 

the standard, he is penalized for the difference between actual and standard 

production; if he exceeds the standard, he receives a bonus for the difference. The 

following scheme is a special case of the Weitzman class of truth-inducing 

schemes: 

W = by5 + a(y - ys), if y > / 

= by5 + c(y - y5), if y < ys (2.2.1) 

where W is the worker's bonus pay; y is actual production; y3 is standard 

production; and a, b, and c are the scheme's bonus, piece-rate pay, and penalty 

parameters, respectively, where 0 < a < b < c. When b > a, a worker is not 

motivated to understate the standard to obtain higher pay through budget 

overachievement. When b < c, a worker is not motivated to overstate the standard 

to obtain higher pay through budget underachievement. Finally, setting a > 0 will 

motivate a worker to continue production once the standard is attained. A 

drawback of the Weitzman scheme is its focus on the motivation/control role of 
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participatively-set standards, while ignoring the role which budgets play in planning 

and coordination [Loeb and Magat, 1978], 

Chow, Cooper, and Waller (1988) examined slack-building behavior under a 

slack-inducing scheme (which encouraged subjects to create slack) and a Weitzman 

truth-inducing scheme. Chow et al. also manipulated the presence/absence of an 

information asymmetry. Defining slack as the difference between expected output 

and a participatively-set standard, they found that subjects rewarded under the truth-

inducing scheme created less slack than those rewarded under the slack-inducing 

scheme given the presence of an information asymmetry. 

2.2.2. Resource Allocation Settings. 

In resource allocation settings, budgets can function both as planning and 

motivation/control devices. As above, budget-based schemes are necessary for 

central management to enforce the participatively-set standard. Given that budgets 

are critical during performance evaluation, a division manager (who wishes to 

maximize bonus pay and avoid any variance penalty) is likely to understate 

expected ROI, thereby creating output slack. Conversely, participative budgets can 

perform a central management planning or coordination function (e.g.. resource 

allocation). A variety of incentive schemes could be used in a resource allocation 

setting, e.g.. Groves, unit-profit, and firm-profit-sharing schemes. As noted above, 

settings where budgets do not serve a motivation/control function would create 

incentives for managers to overstate expected ROI and create input slack. As 
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overstatement increases, the probability of a suboptimal resource allocation also 

increases. 

Waller and Bishop (1990) examined the propensity of division managers to 

misrepresent private information in an experimental resource allocation setting 

under both a unit-profit scheme and a Groves truth-inducing scheme (see Groves, 

1973; Loeb and Magat, 1978; Groves and Loeb, 1979). In the Groves scenario, 

risk-neutral division managers receive either perfect or imperfect information 

regarding local profitability, after which each sends a message to central 

management regarding expected ROI. Lateral communications are not allowed and 

local technologies are uncorrelated, thereby precluding opportunities for direct 

collusion. Central management assumes that units send truthful messages and 

acquires/allocates resources to maximize budgeted global profit Once resources 

have been allocated, each division manager invests resources in production to 

generate profit, where unit profit is a function of allocated resources and a unit's 

true ROI. Although the central manager can observe each unit's actual profit, he 

has no information about a division's true ROI. 

Groves (cf. Loeb and Magat, 1978; Groves and Loeb, 1979) proves that the 

performance measure which induces truthful behavior in his scenario is a function 

of each division's actual profit and the budgeted profits of all other divisions. The 

following bonus scheme incorporates the essential features of a Groves truth-

inducing scheme: 
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B.CGi) = bg x G, 

= bg x (Yi + yj) (2.2.2) 

where Bi(Gi) is i's bonus pay, G, is the Groves performance measure, y, is i's actual 

profit, yj is budgeted profits of all other divisions, and bg is the scheme's linear pay 

function. To induce truthful communication, the following must hold: (1) the only 

argument in a division manager's utility function is bonus pay, Bj(Gj); and, (2) 

utility is increasing in Bj(Gj). This ensures that each division manager acts to 

maximize his performance measure, and that there is no loss due to perquisite 

consumption and/or effort aversion. In essence, the Groves scheme induces 

division managers to adopt central management's objective function and reveal 

private information about true ROI. That is, for each division manager, truth-telling 

is the dominant communication strategy which will maximize both local and firm-

wide profits. 

Waller and Bishop (1990) is the only experimental test of the Groves 

scheme in an intrafirm resource allocation setting. In experiment 1, subjects acting 

as unit managers acquired perfect information regarding profitability before 

communicating with central management. Waller and Bishop examined the relative 

effectiveness of three incentive mechanisms: a unit-profit scheme, a unit-profit 

scheme with a penalty for unfavorable budget variance, and a Groves scheme. 

Consider a unit-profit scheme such as the following: 
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Bj(Ui) = bu x U, 

=  b „ x y i  (2.2.3) 

where Bj(Uj) is i's bonus pay, U, is the unit-profit performance measure, yj is i's 

actual profit, and bu is the scheme's linear pay function. A bonus-maximizing 

manager has incentives to distort communication to acquire the maximum amount 

of resources (i.e.. maximal overstatement is the dominant strategy under such a 

scheme). Presumably, a unit-profit + penalty scheme would curb this tendency to 

distort communication.8 Consider: 

where Bj(Uj+) is i's bonus pay, Uj+ is the unit-profit + penalty performance 

measure, yt is i's actual profit, y* is i's budgeted profit, P is a large penalty for 

unfavorable budget variance, and bu is the scheme's linear pay function. Given 

Bi(Ui+), a division manager who wishes both to maximize his performance measure 

and avoid the variance penalty would send truthful communications, given a severe 

penalty. Waller and Bishop found that a unit-profit + penalty scheme was as 

8Unit-profit schemes, with or without penalties for unfavorable budget variances, 
conform to the concept of a profit-center structure where managers are responsible 
only for local operations (cf. Anthony and Dearden, 1980; Kaplan, 1982). 

B,(U,+) = bu x Uj+ 

= (bu x yj), if yj > yb
t 

= (bu x y^ - P, if y, < y* (2.2.4) 
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effective as a Groves scheme in motivating unit managers to reveal true 

profitability. The unit-profit scheme without a variance penalty led to gross 

overstatement of profitability. 

A firm-profit-sharing scheme can produce outcomes similar to those 

achieved with truth-inducing schemes (see Groves, 1973; Loeb and Magat, 1978; 

Groves and Loeb, 1979). Consider: 

Bj(Fj) = bf x Fi 

= bf x (y, + tf) (2.2.5) 

where B;(Fj) is i's bonus pay, F, is the firm-profit-sharing performance measure, yj 

is i's actual profit, y? is actual profits of all other units, and bf is the scheme's 

linear pay function. Bj(Fj) can induce division managers to reveal their true 

profitability during participation in a Groves environment, (i.e.. given no risk or 

effort aversion nor positive utility for perquisite consumption). However, unlike the 

Groves scheme where truth-telling is the dominant strategy, truth-telling is a Nash 

equilibrium under a firm-profit-sharing scheme. Nevertheless, given the increased 

use of profit-sharing by today's organizations (e.g.. division managers often have a 

profit-sharing element in their performance contract) [Fitzroy and Kraft, 1986], it is 

important to assess whether managers who face a firm-profit-sharing scheme exhibit 

truthful behavior. No empirical research has examined the effectiveness of profit-

sharing schemes in curbing slack in a participative budgeting context where the 
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coordination/allocation decisions of central management depend on upward 

communications. 

2.3. Role of Risk Preferences. 

2.3.1. Non-Resource-Allocation Settings. 

Both Young (1985) and Waller (1988) examined the role of risk preferences 

in experimental non-resource-allocation settings using budget-based schemes 

derived from Weitzman (1976). Both defined slack as the amount by which the 

subject chose to understate his expected output relative to privately-known 

performance capability. Using a certainty-equivalent measurement method to elicit 

risk preferences, Young (1985) found that risk-averse subjects created more slack 

than subjects who were not risk averse. Waller (1988) used a lottery technique to 

induce either risk-neutral or risk-averse attitudes (see Berg, Daley, Dickhaut, and 

O'Brien, 1986). Lending support to Young's (1985) findings, Waller (1988) also 

found that risk-neutral subjects created less slack than risk-averse subjects. 

2.3.2. Resource Allocation Settings. 

Unfortunately, the conclusions reached by Young (1985) and Waller (1988) 

regarding the role of risk preferences may not generalize to a resource allocation 

setting where budgets can serve both as coordination and as motivation/control 

devices. Although budget-based incentives are necessary here to enforce 

participatively-set standards, the Weitzman (1976) truth-inducing scheme may not 

be effective in a resource allocation context [Loeb and Magat, 1978], In a 
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Weitzman setting, budgets serve only as evaluation tools where, presumably, a 

division manager has a fixed amount of resources at his disposal to produce 

expected output or profit targets. Participation would entail communications about 

expected output In a resource allocation setting where both inputs and outputs are 

stochastic, participation would entail communications about expected ROI. 

Inferences about the role of risk preferences would depend on the incentive 

structure faced by the unit manager. No research on budgetary slack has examined 

the impact of risk preferences on the effectiveness of unit-profit + penalty, firm-

profit-shaiing, or Groves incentive schemes in a stochastic resource allocation 

setting. 

2.3.2.a. Groves and Firm-Profit-Sharine Schemes. 

Given risk neutrality, both Groves and firm-profit-sharing schemes can 

produce truthful communications and optimal firm profits. However, the schemes 

can break down when risk aversion is introduced and truthful communication may 

no longer be an equilibrium strategy. Specifically, as a manager becomes more risk 

averse, he becomes more likely to misstate expected ROI and his best message may 

no longer be independent of other divisions' messages. For example, a manager 

who expects low profitability may benefit by understating expected ROI, depending 

on his expectations regarding other divisions' messages. 

The rationale is straightforward. With both Groves and firm-profit-sharing 

schemes, at least one-half of a manager's bonus pay arises due to other divisions' 
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budgeted profit or actual profit, respectively. A manager who receives a private, 

pre-allocation signal indicating a low expected ROI may choose to understate 

during participation. By understating, he increases the probability that other 

divisions receive relatively greater resource allocations, thereby increasing his 

performance-measure component which is dependent upon the other divisions' 

budgeted or actual profits relative to his own (low) expected profitability. In other 

words, a manager with a low expected ROI might increase ex ante pay by 

understating and relying on the portion contributed by other divisions, especially if 

he expects their budgeted or expected ROI will be higher than his. Thus, risk-

averse managers rewarded under either a Groves or a firm-profit-sharing scheme 

could benefit from either understating expected ROI (relying on other divisions' 

profit when expected ROI is low) or overstating ROI (relying on local profit when 

expected ROI is high). 

2.3.2.b. Unit-Profit + Penalty Scheme. 

A manager rewarded under a unit-profit + penalty scheme would offset the 

expected loss from the penalty with the expected gain from higher unit profit 

(attainable through greater resource allocations). A manager's optimal strategy 

would depend both on the scheme's parameters (e.g., the magnitude of the penalty) 

and his expectations regarding other divisions' messages. For example, an 

equilibrium strategy for a risk-neutral manager might involve either truthful 

communication, understatement, or overstatement, depending on the optimal 
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tradeoff between losses due to the penalty and gains in pay associated with a 

particular communication strategy. With risk aversion, the loss associated with the 

penalty would receive greater weight, thereby making understatement more 

probable. That is, a risk-averse manager would send a message which is lower than 

the risk-neutral best message. 

2.3.2.C. Hypotheses: Risk Preferences. 

These observations regarding the role of incentives and risk preferences lead 

to three hypotheses. 

HI a: Given a Groves scheme, misstatement is greater under risk 
aversion than under risk neutrality. 

Hlb: Given a firm-profit-sharing scheme, misstatement is greater 
under risk aversion than under risk neutrality. 

Hlc: Given a unit-profit + penalty scheme, understatement 
is greater under risk aversion than under risk 
neutrality. 

2.4. Moral Hazard. 

2.4.1. Tradeoffs Between Investment and Consumption. 

A key assumption underlying the Groves scheme is that bonus pay is the 

only argument in a manager's utility function. That is, no moral hazard problems 

arise due either to disutility for effort or utility for perquisite consumption. The 

Groves scheme may break down when opportunities for effort aversion are 
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introduced [Miller and Murrell, 1981; Conn, 1982; Cohen and Loeb, 1984]. 

Likewise, given opportunities for resource consumption, managers rewarded under 

either Groves or firm-profit-sharing schemes may have a greater incentive to distort 

private information. 

To elaborate, assume that a manager receives utility not or»iy from pay and 

other sources of wealth, but also from his available leisure time. Further, 

investment in production requires both managerial effort and allocated resources.9 

A division manager can consume more leisure time if he has greater resources at 

his discretion to accomplish output or profit targets (cf. Harris, Kriebel, and Raviv, 

1982; Antle and Eppen, 1985).10 Thus, overstatement would result due to a 

manager's desire to control organizational resources. Regarding explicit effort 

aversion, receiving more allocated resources implies that a manager can invest all 

such resources in production to achieve a profit target, thereby consuming more 

leisure time. Conversely, a manager who receives utility directly from consuming 

perquisites would hold his effort constant and invest just enough allocated resources 

to achieve target, thereby consuming excess allocated resources directly. 

9Available and allocated resources consist of managerial effort (a resource acquired 
upon hiring), capital, and factors of production, such as raw materials, direct labor, and 
overhead. 

I0That is, managerial effort and other organizational resources are (imperfect) 
substitutes in production. As Ande and Eppen (1985) note, the proof is 
straightforward if one assumes additively separable utilities. 
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Specifically, if the marginal utility for consumption is greater than the 

marginal utility for investment, then managers have an incentive to consume rather 

than invest resources.11 Consider the three incentive schemes. The only argument 

in the performance measure for the unit-profit + penalty scheme is actual unit 

profit, whereas both the Groves and firm-profit-sharing performance measures 

contain two arguments, one for actual unit profit and another for other divisions' 

budgeted or actual profits, respectively. If managers receive the same reservation 

wage regardless of which bonus scheme is used, then the pay coefficient for a unit-

profit + penalty scheme would be greater than the coefficient on either a Groves or 

a firm-profit-sharing scheme, ceteris paribus. That is, unit-profit and Groves 

schemes are of the general form: 

B,(U,) = bu x y, 

Bi(Gj) = bg x (y, + yp 

= (bg x y,) + (bg x y-). 

Assuming that firms always pay managers their reservation utilities implies that 

Bi(Ui) = bu x y, = (bg x yd + (bg x yj) = Bi(Gi) 

and 

bu x y, > bg x y, 

nThe marginal disutility from effort would have to be greater than the marginal 
utility from investment for shirking to occur. 



since budgeted profit, (bg x yj), is always positive.12 Therefore, bu > bg. 

Similarly, b,, > bf. Relatively speaking, managers rewarded under unit-profit 

schemes benefit less from resource consumption. The existence of a penalty on the 

unit-profit scheme would tend to increase the difference between the pay 

coefficients, further reducing the benefits associated with consuming allocated 

resources. Additionally, as Waller and Bishop (1990) indicates, the penalty on the 

unit-profit + penalty scheme further inhibits opportunities for managers to consume 

resources successfully. That is, managers consume more resources under the 

Groves scheme than under the unit-profit + penalty scheme. The variance penalty 

induces subjects to avoid overstating profitability and invest enough resources to 

generate budgeted unit profit. 

2.4.2. Hypotheses: Resource Consumption. 

The differential impact of the three schemes on resource consumption leads 

to the following hypotheses. 

H2a: Resource consumption is greater under a Groves scheme than 
under a unit-profit + penalty scheme. 

H2b: Resource consumption is greater under a firm-profit-sharing 
scheme than under a unit-profit + penalty scheme. 

12This assumes an expected ROI greater than one and a unit resource cost less than 
or equal to one. 
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2.4.3. Effects of Risk Preferences and Consumption. 

Assuming a manager must make his investment-consumption decision prior 

to state revelation, resource consumption would occur until expected marginal 

utility from consumption equals expected marginal utility from investment. For 

either a Groves or a firm-profit-sharing scheme, resource consumption would be 

greater under risk aversion than under risk neutrality. That is, utility from resource 

consumption is a "sure thing" whereas investment entails a lottery with uncertain 

payoffs. On the other hand, risk-averse managers who face a unit-profit + penalty 

scheme would decrease consumption. That is, decreasing consumption would 

provide a greater degree of control in avoiding the variance penalty. With 

imperfect information, the variance penalty would inhibit consumption as long as a 

division manager has to make the resource consumption decision prior to state 

revelation. Thus, as in the risk-neutral case, the unit-profit + penalty scheme would 

be more effective than either a Groves or a firm-profit-sharing scheme in 

controlling resource consumption. That is, risk aversion mitigates moral hazard 

problems under the unit-profit + penalty scheme due to its risk-sharing property. 
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2.4.3.a. Hypotheses: Interactions. 

The joint impact of managerial risk attitudes and utility for perquisites leads 

to the following hypotheses concerning resource consumption. 

H3a: Given a Groves scheme, resource consumption is greater 
under risk aversion than under risk neutrality. 

H3b: Given a firm-profit-sharing scheme, resource consumption is 
greater under risk aversion than under risk neutrality. 

H3c: Given a unit-profit + penalty scheme, resource consumption is 
lower under risk aversion than under risk neutrality. 

2.4.3.b. Expected Communications. 

The preceding hypotheses are independent of the actual resource allocation 

and, hence, are independent of division managers' message-sending strategies. That 

is, changes in consumption arise due to the shift in underlying risk preferences, 

regardless of the availability of resources. Since the changes occur regardless of 

resource availability, managers would not alter their message-sending strategies. 

Interestingly, when both risk aversion and utility for perquisite consumption 

are present, under either unit-profit + penalty, Groves, or firm-profit-sharing 

incentive schemes, expected miscommunications are the same as in the risk-neutral 

case. That is, a risk-averse manager rewarded under a unit-profit + penalty scheme 

would tend to understate, thereby increasing the probability that he can avoid a 
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penalty. Risk-averse managers rewarded under either a Groves or a firm-profit-

sharing scheme are likely to overstate to increase control over organizational 

resources, both to maximize bonus pay and resources available for consumption. 

Even in the case of a low expected ROI, risk-averse managers facing either a 

Groves or a firm-profit-sharing scheme are likely to overstate as greater allocations 

can potentially increase total utility through resource consumption. 



Chapter 3. Research Design and Methods. 

This chapter is organized as follows. First, a brief overview contains 

descriptions of the general setting, experimental design, and subject groups. Next, 

detailed task descriptions are presented for the instructional phase and each risk-

treatment condition. The discussion highlights key methodological issues which 

arise in the experimental environment The chapter concludes with a discussion of 

dependent measures and predictions for the parameter set utilized in the experiment. 

3.1. Overview. 

3.1.1. General Setting. 

The experimental setting contains a two-unit firm with a central manager 

who allocates resources between units. Each subject plays the role of a unit 

manager and interacts with another unit and the mechanized central manager 

through a computer. Both members of the firm face identical priors and 

experimental conditions. To emphasize the information asymmetry between units 



50 

and central management, unit managers are told that the central manager does not 

have access to their private information. 

Each unit's profit function (gross of resource cost), is linear with slope ROI 

and intercept zero, where actual unit profit is actual ROI as a function of invested 

resources. Throughout the experiment, actual ROI is referred to as an actual p-ratio 

(productivity ratio), or APR for short. Each unit faces an identical diffuse 

probability distribution over possible APRs prior to a given trial, and each unit's 

APR is determined independently at the end of each trial. Prior to a given trial, a 

random event-generating mechanism generates a private signal in the form of an 

expected p-ratio, or EPR for short. The EPR reflects the underlying APR which is 

not revealed until the end of the trial. Both EPRs and APRs are determined with 

replacement. 

A trial proceeds as follows. A subject acting as a unit manager receives his 

private EPR by rolling a die. The roll determines which one of two urns the 

subject will draw from at the end of the period to determine his APR. Based on 

the roll and the urn which he will later draw from, the subject decides what 

message to send to the central manager regarding the EPR, where the message 

represents the subject's projected p-ratio, or PPR for short. 

Each subject operates under an input constraint and the total amount of 

resources allocated is less than the sum of unit capacities. Following Groves' 

assumption of a naive center who treats all PPRs as if they are accurate, the central 
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manager allocates resources such that budgeted firm profits (gross of payments to 

unit managers) are maximized. That is, the central manager determines the 

resource allocation based on the PPRs received from the unit managers. The unit 

specifying the greater PPR receives his input capacity (the majority of the 

resources) as the allocation and the other unit receives the remaining resources. In 

the event that both subjects send the same PPR, each unit receives one-half of the 

available resources. Thus, total resources allocated sum to total resources available 

each period. The total amount of resources is fixed across periods and conditions. 

After resource allocation, each unit manager who values resource 

consumption decides how many resources to invest in production and how many 

resources to consume. Resources invested and consumed sum to resources 

allocated for each unit. In the no resource consumption condition, invested 

resources automatically equal allocated resources for each subject. After the 

manager's investment-consumption decision, the APR is revealed by drawing from 

the appropriate urn, which depends on the subject's EPR. Finally, a unit manager's 

payoff in points is computed according to the appropriate incentive scheme and the 

lottery is played (see below). At the end of the experiment, each subject completes 

a post-experimental questionnaire. Exhibit 1 outlines the general experimental 

setting. 



Exhibit 1. Experimental Setting. 
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Time Activity 

0 Subject sign-up 

1 Instructional phase 

2 Experimental Treatments 

a Private state signal generated and received 

b Message sent to the center 

c Center allocates resources 

d Investment-consumption decision made 

e Actual state revealed 

f Point payoffs computed 

g Lottery played 

3 Post-experimental questionnaire 
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3.1.2. Experimental Design. 

The experiment incorporates three independent variables in a 3x2x2 factorial 

design. The first variable, type of incentive scheme, includes a unit- profit + penalty 

scheme, a firm-profit-sharing scheme, and a Groves scheme. Type of incentive 

scheme is manipulated on a between-subjects basis. The second variable is risk 

preference. Using a lottery technique formalized by Berg et al. (1986), both risk-

neutral and risk-averse attitudes are induced on a within-subject (AB-BA) basis. 

The third independent variable, utility for resource consumption, is either positive, 

with declining marginal utility, or zero. As with type of incentive scheme, utility 

for consumption is manipulated on a between-subjects basis. Figure 2 summarizes 

the experimental design. 

The experiment consists of twenty trials. In experimental treatment A, each 

subject participates for ten periods given risk-neutral payoffs. Unit managers 

receive an imperfect signal, EPR, regarding the true state of nature prior to sending 

their PPRs. Revelation of the true state of nature to each unit manager occurs after 

the center has allocated resources and the manager has made his investment-

consumption decision. After treatment A, each subject completes treatment B 

which consists of ten periods given risk-averse payoffs. 
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No Resource Consumption Resource Consumption 

Risk Neutral Risk Averse Risk Neutral Risk Averse 

Groves 1A IB 4A 4B 

Unit + 2A 2B 5A 5B 

Firm 3A 3B 6A 63 

r 

Figure 2. Experimental Design. 



3.1.3. Subjects. 

The subjects were 144 students recruited mainly from undergraduate 

business classes at the University of Arizona during summer, 1989. Although 48% 

had participated in experiments prior to this study, only one-fifth of the subjects 

had experience in experimental economic settings (i.e., experiments which tested 

economic theories and incorporated monetary incentives). Care was taken to ensure 

that subjects recruited were not participants in any previous intrafirm resource 

allocation experiment (i.e.. Waller and Bishop, 1990). 

The experiment was run in the Economic Science Laboratory at The 

University of Arizona. Subjects signed up in advance for each session and were 

assigned randomly to a computer terminal when they arrived for the experiment. 

Three subject-pairs (six subjects) participated in each of 24 experimental runs. 

Thus, four runs comprised one cell of 24 subjects (6 x 4). Two runs in each cell 

followed the AB order on the risk-preference manipulation. Likewise, two runs 

followed the BA order. The Groves, firm-profit-sharing, and unit-profit + penalty 

scheme, no consumption groups were run first, followed by the consumption groups 

in the same order. Finally, subjects were re-paired each period to minimize 

opportunities for (tacit) collusion. Minimizing opportunities for collusion was 

important because the Groves scheme is not collusion-proof in certain situations. 



3.2. Instructional Phase. 

In the instructional phase, subjects learned the rules of play and how they 

could make message and investment-consumption decisions each period given the 

risk-preference treatment with which they would begin the experiment. That is, 

subjects receiving the risk-neutral manipulation first received instructions describing 

the risk-neutral payoff structure, whereas subjects facing a risk-averse utility 

function initially received instructions describing the risk-averse payoff structure. 

The instructional phase consisted of type-written instructions which the 

experimenter read aloud while subjects followed along silently. The instructions 

first provided a short overview of the experiment and indicated to each subject that 

he would serve as one of two unit operators in an organization. The overview also 

provided a brief description of the subject's task (investing inputs to produce 

outputs) and presented the allocation rule which the computerized central manager 

would use to allocate inputs between the two units each period. 

Next, a detailed task description was presented. The detailed instructions 

first described the procedures which would determine EPRs and APRs each period 

and included examination and demonstration of the random-event generating 

devices. That is, a subject first learned that he would roll a standard, six-sided die 

which would indicate which urn he would draw from to determine his APR. A 

one, two, or three indicated he would draw from the yellow urn, where the yellow 

urn represented a distribution with a low EPR. A four, five, or six indicated that he 



57 

would draw from the blue urn, which represented a distribution with a high EPR. 

After he rolled his die, a subject received either a little yellow or blue box to 

indicate both to the subject and the experimenter which urn the subject would 

eventually use to learn his APR.13 Subjects were encouraged to examine the die 

and contents of each of the two urns. Subjects also received handouts describing 

the contents and best estimates for the EPR of each urn, where the best estimate for 

an urn's EPR was its expected value. Subjects were given the best estimates so 

they would not have to calculate the EPR for each urn. 

Next, subjects learned how they would send messages and make investment-

consumption decisions each period, and the layout of the computer screen was 

explained. The computer screens for the no resource consumption and resource 

consumption groups are presented in Figures 3 and 4, respectively. The instructions 

explained to each subject when and how he would send his PPR each period. 

Subjects learned that they would send their PPRs to the center prior to drawing 

their APRs from the appropriate urn. The rule that the center would use to allocate 

inputs between units was described in detail at this time. Subjects had the 

opportunity to examine their computer screens to see where their allocated inputs 

would be indicated in the message from the center each period. Also, each subject 

practiced rolling his die and drawing a sample APR from the urn based on his roll. 

l3The experimenter employed a helper who assisted one-half the subjects in each 
experimental run. Here, reference to "experimenter" means the experimenter and/or 
helper. 
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Period #: Agent 8: 

Please enter your Projected P-Ratio ->[ ] Accumulated Total Earnings' 
[ ] 

Unit A Onit B 
Projected P-Ratio Total Points thio Period: 
Allocated Inputs [ ] 
Budgeted Outputs 

Chance o£ Winning this Period: 
Please enter your Actual P-Ratio ->[ ] [ %] 

Did you win this period(Y/N)? [ ] 

(—History 
Period APR PPR Chance/Win Earnings 

% 
% 
% 
% 
% 
% 

Figure 3. Computer Screen: 
No Resource Consumption Groups. 
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Period #: 

Please enter your Projected P-Ratio ->[ 

Unit A Unit B 
Projected P-Ratio 
Allocated Inputs 
Budgeted Outputs 

Please enter your Investment 
Please enter your Actual P-Ratio 

- > [  
- > [  ] 

Agent #> 

Accumulated Total Earnings: 
[ ] 

Points this Period : 
Chance of Winning : 
Your Investment : 
Pts. from Investment• 
Your Exchange : 
Pts. from Exchange t 

Did you win this period(Y/N)? [ ] 

|—Hiotory-
Period APR PPR Invest Exchange Net Pts. chance/Win 

% 
% 
% 
% 
% 
% 

Earnings 

Figure 4. Computer Screen: 
Resource Consumption Groups. 
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Next, investment-point schedules were handed out to each subject. A 

description of the way that investment performance would be measured was given, 

along with a detailed description of how given investment point amounts could be 

determined from the table. Additionally, the resource consumption groups were 

given a resource exchange schedule which detailed how many exchange points they 

could obtain by exchanging inputs directly for points rather than investing to 

produce outputs. Each subject was told that he would enter his investment decision 

on the screen prior to drawing his APR from the appropriate urn. That is, subjects 

knew that they must send their PPRs and make their investment decisions prior to 

determining their APRs. Subjects were told that they would not have to calculate 

investment and exchange points each period, but rather that points would be 

calculated and displayed on their screens after their PPRs had been sent, their 

investment decisions had been made, and their APRs had been drawn. Subjects 

were shown on their screens where investment and consumption points would be 

displayed and where the experimenter would enter their APRs once learned.14 

The lottery procedure was described next. A schedule showing the 

relationship between investment points and the chance of winning a lottery for 

$1.00 was given to each subject The lottery schedule for the resource consumption 

groups incorporated the effect of exchange points on the chance to win the lottery. 

14After each subject determined his APR by drawing from the appropriate urn, the 
experimenter entered the APR into the computer to minimize the possibility for entry 
errors. 
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Specific examples of how points translated into a chance to win the lottery prize 

were given to each group and subjects were shown where their chance to win 

would be displayed on the computer screen. The lottery bag was described and 

each subject had the opportunity to draw from the bag to ensure that he understood 

how his chance to win the lottery would work during the actual experiment. 

Next, subjects interacted through the computer to complete a series of 

contrived examples designed to demonstrate the range of behavior possible in the 

actual experiment. Subjects were also shown where the bottom of their screens 

would contain a history of their past decisions and outcomes. Finally, a summary 

of the experimental task was given. The subjects were encouraged to ask questions 

throughout the instructional phase and were told that they were free to refer to all 

schedules and instructions throughout the experiment Calculators and pencils 

were provided for subjects to make computations if they so desired. 

After the first experimental risk treatment was completed (i.e., after the first 

ten periods), subjects received another set of brief instructions for the second part 

of the experiment A schedule which detailed the new relationship between points 

and the chance to win a lottery for $1.00 was given to each subject.15 

Additionally, the history portion of the screen cleared and began anew for the 

second part of the experiment. 

15The initial schedules relating points to the chance to win a lottery were collected 
at this time to ensure that subjects would refer to the current schedule throughout the 
second part of the experiment. 
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Appendix A contains experimental instructions for all conditions. 

3.3. Experimental Task. 

This section presents detailed task descriptions for each within-subject 

experimental treatment. By risk preference, the experimental task is described first 

for the no resource consumption groups. Important methodological considerations 

are discussed. Then, differences are described for the resource consumption groups. 

Exhibit 2 contains a summary of the notation used to describe the experimental 

task. 

3.3.1. Experimental Treatment A: Risk Neutrality. 

3.3.1.a. No Resource Consumption Groups. 

Each manager faced six possible states of nature, representing six possible 

APRs. The possible states, s^Zj), and prior probabilities, p(Sj(z,)), are presented in 

Exhibit 3. A bimodal prior probability distribution was chosen so that a unique 

equilibrium point could be derived under each incentive scheme given imperfect 

information and risk neutrality. The prior probability distribution was mapped into 

two equiprobable posterior probability distributions. Each subject in a pair received 

one of two signals before specifying m^r,), where each signal specified a posterior 

probability distribution over possible values of s^z,). A low signal, e/, indicated a 

shift in probability mass toward lower possible values of Sj(Zj), whereas a high 

signal, e*, indicated a shift in probability mass toward higher possible values of 



Exhibit 2. Experimental Notation. 

R = total resources acquired and allocated by central manager. 

c(R) = cost of resources to central manager. 

r, = resources allocated to unit i, [r, + r2 = R; c,(r,) + c2(r2) = c(R)]. 

Zj = resources invested in production by unit i. 

q, = resources consumed by unit i, [zj + q; = rj. 

yi = Si(Zi) = true profit function of unit i. 

ej = imperfect signal of unit i's true profit function. 

Sj(Zi*) = actual profit of unit i given investment z,*. 

mi(ri) = projected profit function of unit i, (i's message to central manager). 

mi(ri*) = budgeted profit of unit i given allocation rj*. 

M(R*) = 1X1,0",*) + m2(r2*) - c(R*) = budgeted firm profit. 



Exhibit 3. Prior Probability Distribution. 

S.(z) P(Si(Zi)) 

1.5 5/40 

2.0 8/40 

2.5 7/40 

3.0 7/40 

3.5 8/40 

4.0 5/40 
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Sj(Zj). The signals were equiprobable: p(ej') = p(ejh) = 1/2. The possible states, 

Si(Zj), and posterior probabilities, pCs^)), are presented in Exhibit 4. 

The posterior probabilities, pCSjfa)), presented in Exhibit 4 were determined 

as follows, First, analyses were conducted using several different symmetric 

posterior distributions, where the expected state value equalled both the median and 

modal values. Payoff matrices using these various symmetric distributions were 

constructed for the Groves scheme given no utility for resource consumption, and 

given both risk neutrality and risk aversion. Unfortunately, no point predictions for 

message-sending behaviors could be derived for the Groves scheme, risk-averse 

case using any of the symmetric distributions as chosen. However, using the non-

symmetric distribution presented in Exhibit 4 led to point predictions conditioned 

on each signal for the Groves scheme under risk aversion (see section 3.6 below). 

Thus, a decision was made to use the posterior distributions presented in Exhibit 4, 

despite the fact that the measures of central tendency were not equal. These 

posterior distributions led to a strong information asymmetry and maintained fairly 

high ex post uncertainty so that subjects' risk preferences would matter. Further, 

the state space was restricted to six possible APRs to minimize the computational 

complexity faced by the subjects, while still maintaining a large enough difference 

to derive distinct behavioral predictions for each of the two signals. 

Signals, message communications, resource allocations and state revelation 

were operationalized as follows. Each subject had a standard, six-sided red die. 



Exhibit 4. Posterior Probability Distributions. 

v(sJe}) P(s/eih) 

1.5 3/20 2/20 

2.0 6/20 2/20 

2.5 5/20 2/20 

3.0 2/20 5/20 

3.5 2/20 6/20 

4.0 2/20 3/20 
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The subject rolled his die and observed the number in front of the experimenter. A 

one, two, or three indicated a low state signal, e,'. A four, five, or six indicated a 

high state signal, e,\ The experimenter handed the subject either a little yellow or 

blue box to indicate which posterior distribution the subject would draw from at the 

end of the period. Then, to preserve the information asymmetry to the extent 

possible in the operational setting, the experimenter privately recorded which signal 

was received. That is, subjects did not observe the recording of their signals and 

their actual signals were not revealed to the (mechanized) center. No subject knew 

which signal any other subject had received. 

Next, each subject sent a message, m^), projecting, or forecasting, ROI to 

the central manager via the computer. As noted earlier, the message was referred 

to as a projected p-ratio, or PPR. for short. A subject's actual ROI, once 

determined, was referred to as an actual p-ratio, or APR. Six messages were 

possible, one corresponding to each possible APR. Truthful behavior was sending a 

message equal to the expected Sj(Zj) given eh E[s/e;]. For e/, the expected p-ratio, 

or EPR. was 2.5. The EPR for e/1 was 3.0.16 

This operationalization of the Groves environment assumed a decentralized 

choice of information systems. That is, division managers "chose" their information 

system such that the central manager had information about the prior probability 

16Subjects did not have to compute EPRs, but were told the EPR for each signal 
in the experimental instructions. 
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distribution but not the posterior distributions. The central manager knew that each 

unit manager would receive private information in the form of a signal indicating 

which one of two posterior state distributions would be revealed. However, the 

center's knowledge about expected state outcomes once unit managers received 

their signals was precluded because the central manager did not possess any 

descriptive information about either of the two distributions. In other words, the 

central manager did not know the values for either of the two possible EPRs. 

Correspondingly, since the center could not infer the posterior distribution faced by 

a given unit manager, the PPR message-space was not restricted to the two possible 

EPRs, but rather consisted of the entire range of possible APRs. 

The total number of resources available for allocation was 100 and each 

subject had an input capacity of 90. Each subject's input capacity was set at 90 

resources to ensure that internal competition for resources existed each period. 

Although input capacity equal to 100 would have stiffened internal competition 

even further, capacity of 100 was not chosen because one subject from each pair 

could have been excluded from playing each period. The central manager 

compared messages received from both subjects in a pair and allocated 90 resources 

to the subject with the higher PPR and 10 resources to the other subject. If the 

messages were equal, then each subject was allocated 50 resources. 

Once resources were allocated, subjects determined their APRs. Each 

subject had two urns, one yellow and one blue. If a subject rolled a one, two, or 
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three, he received a yellow box to indicate that he would draw from the yellow urn 

to determine his APR. If he rolled a four, five, or six, he received a blue box to 

indicate that he would determine his APR by drawing from the blue urn. 

Each urn contained forty chips marked with an APR. The yellow urn 

represented the posterior distribution conditioned on ei'. That is, the yellow urn 

contained six chips labelled with a 1.5, twelve chips labelled with a 2.0, ten chips 

labelled with a 2.5, and so on (refer to Exhibit 4). Likewise, the blue urn 

represented the posterior distribution conditioned on e^. The blue urn contained 

four chips labelled with a 1.5, four chips labelled with a 2.0, four chips labelled 

with a 2.5, and so on. After resources had been allocated, the subject shook the 

appropriate urn and drew a chip without looking in the urn. The experimenter 

entered the chip's APR (Sj(Zj)) into the computer, and the chip was replaced in the 

urn. Finally, the point payoffs for the appropriate incentive scheme were computed 

based on the revealed Sjfa) and z> = r>, where z * and r> were the actual resource 

investment and allocation, respectively. 

In the risk-neutral, zero consumption condition, subjects' point payoffs were 

computed as follows. Given the Groves incentive scheme 

B,(G,) = 0.25 x [Si(z>) + rrijOj*) - 100], (i + j) (3.3.1) 
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where (trivially) z,* = r,*, mjOj*) is the other subject's budgeted profit, and Cj(R*) = 

R*. Under the unit-profit + penalty scheme 

B,(Uff) = 0.50 x [Si(z>) - r>], Si(z>) > m^*) 

= 1, s,(z,*) < m,(r>) (3.3.2) 

where s^Zj*) is actual output, m^*) is budgeted output,and c^*) = r^. Under the 

firm-profit-sharing scheme 

Bi(Fj) = 0.25 x [s,(Zi*) + Sj(z>) - 100], (i + j) (3.3.3) 

where Zj* = r(*, Zj* = r,*, and Cj(R*) = R*. 

The parameters on the incentive schemes were determined as follows. First, 

the Groves scheme pay function was set (arbitrarily) as bg = 0.25. Second, as the 

profit range of the performance measure for the firm-profit-sharing scheme was 

identical to that of the Groves scheme, the pay function was also identical, bf = 

0.25. Further, as discussed in subsection 2.4.1, the performance measure under the 

unit-profit + penalty scheme would be, on average, one-half that of the Groves or 

firm-profit-sharing schemes when a penalty has not occurred. Thus, the pay 

function was set at twice the value of the former schemes, bu = 0.50. Implicitly, 

this assumes that managers perform equally under all three schemes and receive 

equivalent reservation wages. Finally, the payoff given an unfavorable budget 

variance when the penalty is incurred was set trivially at 1 such that, on a period-
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by-period basis, a subject could incur a large penalty, but not so large as to result 

in negative earnings. The greater a subject's APR and/or resource allocation, the 

greater that penalty. Setting the parameters above led to equivalent payoffs given 

perfect information under the risk-neutral payoff structure. 

As Walker, Smith, and Cox (1988) note, two methods are available to 

control subjects' risk attitudes in experimental settings: (1) a certainty-equivalent 

elicitation procedure which (purportedly) measures preexisting risk attitudes; and, 

(2) a lottery technique, dependent on the axioms underlying expected utility theory, 

and designed to induce pre-chosen or known risk attitudes. Walker, Smith, and 

Cox indicate that where a theory's behavioral predictions are driven by the 

assumptions about underlying risk attitudes, it may be important for an 

experimenter to attempt to control for risk preferences. Here, it is hypothesized 

that risk aversion may lead to a breakdown in the prediction of truth-telling as a 

dominant strategy under the Groves scheme. Further, although both of the above 

mentioned methods for controlling risk preferences may have underlying 

methodological problems, the lottery-inducement technique was chosen because it 

may afford tighter control over risk preferences than the certainty-equivalent 

measurement method. Measuring risk-preferences ex post using certainty 

equivalents and assigning subjects to cells based on their responses may lead to 

unequal numbers across cells. With the lottery technique, an experimenter can 

derive utility functions of any shape and induce them in the experimental setting, 
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while at the same time maintaining equal numbers across conditions. Given 

induced demand theory, as long as subjects conform to the assumptions underlying 

expected utility theory, subjects should act in the experiment by maximizing their 

probability to win the lottery prize. 

Once point payoffs had been calculated, subjects played a $1.00 lottery. 

The probability of winning $1.00 was determined by the number of points earned 

each trial and the experimental condition assigned to each subject. For the risk-

neutral condition, a subject's induced utility function was equivalent to the 

incentive scheme used to determine his point payoffs. For example, the induced 

risk-neutral utility function for a subject facing a Groves incentive scheme, 

VXBjCGj)), was equal to B^Gi). 

The probability of winning $1.00 in each condition was computed as 

follows. For risk-neutral subjects facing a Groves scheme, the probability was 

linear in points, PCwin/VXB^Gi))) = m + n(Vn(Bi(Gi))), where Vn(Bj(Gj)) was the 

number of points earned and m and n were parameters used to transform points to 

the [0,1] probability scale.17 Similarly, probabilities for risk-neutral subjects 

facing either a unit-profit + penalty or a firm-profit-sharing scheme were 

P(win/Vn(Bi(Ui+))) = m + n(Vn(Bi(Ui+))) and PCwin/VXB.CFj))) = m + nCV^F,))), 

"Operationally, the endpoints of the point-payoff range for each incentive scheme 
corresponded to probabilities of 0.10 and 0.90. The probability range was restricted 
so that subjects always had some (minimal) chance both to win and not to win. Such 
restrictions on the range of probabilities minimizes behaviors which arise when 
subjects face probabilities on or near the endpoints of the [0,1] probability scale. 
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respectively, with corresponding changes in the parameters m and n. Subjects did 

not have to compute their probability to win, which was displayed on their 

computer screen after everyone had determined his APR. 

Exhibit 5 presents the performance measures, point-payoff functions, and 

utility functions for the risk-neutrality condition and no resource consumption. 

Exhibit 6 presents the transformation functions given risk neutrality and no resource 

consumption. That is, investment point ranges under risk neutrality for each of the 

schemes in Exhibit 5 were calculated. Two linear equations were derived as 

described above, one relating the minimum utility possible for a given scheme to a 

probability of 0.10, and a second relating the maximum utility possible to a 

probability of 0.90. Then, both equations were solved to determine the parameter 

values for m and n. 

Exhibits 7 and 8 present the point-probability transformation schedules for 

the Groves and firm-profit-sharing schemes, and the unit-profit + penalty scheme, 

respectively.18 The point-probability transformation schedules can be interpreted 

as follows. First, a subject's investment points (which equalled his risk-neutral 

utility) were calculated using the bonus functions presented in Exhibit 5. By 

plugging the investment points (risk-neutral utility) into the transformation function 

derived in Exhibit 6, the probability of winning the lottery at that given level of 

18The investment point range was the same for the Groves and firm-profit-sharing 
schemes given no resource consumption. Consequently, the point-probability 
transformation function and schedule were the same. 



Exhibit 5. Performance, Payoff, and Utility Functions. 

Groves performance measure: G( = [s,(z *) + m^*) - c,(R*)], (i 4 j). 

Groves point payoffs: B^G^ = bg x G, = 0.25 x G;. 

Groves risk-neutral utility function: VXB/Gj)) = Bi(Gi). 

Groves risk-averse utility function: VOB^Gj)) = [B,(G;) - 11.5]010101. 

Unit-profit + penalty performance measure: U,+ = [s,(z ,*) - c,^*)]. 

Unit-profit + penalty scheme point payoffs: 

B,(Ui+) = bu x Ui+ = 0.50 x U,+. if s,(z,*) > m,(r>) 

= 1, if s^Z;*) < m^r,*). 

Unit-profit + penalty risk-neutral utility function: 

V"(B,(U,+)) = B1(Ui+). 

Unit-profit + penalty risk-averse utility function: 

V'(Bi(Ui+)) = [B1(Ui+)]010,°1. 

Firm-profit-sharing performance measure: 

F, = [s,(z>) + Sj(z>) - cfR*)], (# j). 

Firm-profit-sharing scheme point payoffs: B^) = bf x F; = 0.25 x F;. 

Firm-profit-sharing risk-neutral utility function: VXB^F;)) = B.CF,). 

Firm-profit-sharing risk-averse utility function: 

V(Bi(F,)) = [B,(F,) - 11.5] 010101. 

Consumption point payoffs: 

BXqj) = 1.55(41) - 0.05(q)2 



Exhibit 6. Transformation Functions: 
No Resource Consumption. 

Groves risk-neutral transformation function: 

P(win/Vn(Bi(Gi))) = -0.06 + 0.0128^^(0,))]. 

Groves risk-averse transformation function: 

PCwin/VWGi))) = -18.582379 + 18.682379[Va(Bi(Gi))]. 

Unit-profit + penalty risk-neutral transformation function: 

P(win/V(Bi(Ui+))) = 0.0940298 

+ 0.00597014[ Vn(Bi(Ui+))]. 

Unit-profit + penalty risk-averse transformation function: 

P(win/Va(Bi(Ui+))) = -15.64921 + 15.7492 l[Va(Bi(Ui+))]. 

Firm-profit-sharing risk-neutral transformation function: 

Ptwin/VXBXF,))) = -0.06 + 0.0128[Vn(Bi(Fj))]. 

Firm-profit-sharing risk-averse transformation function: 

P(winA^a(Bi(Fi))) = -18.582379 + 18.682379[Va(Bi(Fi))]. 



Exhibit 7. Point-Probability Transformation Schedule: 
Groves and Firm-Profit Sharing Schemes, Risk Neutrality. 

Investment Points Chance to W: 

12.50 10% 
13.75 12% 
15.00 13% 
16.25 15% 
17.50 16% 
18.75 18% 

23.75 24% 
25.00 26% 
26.25 28% 
27.50 29% 
23.75 31% 

30.00 32% 
31.25 34% 
35.00 39% 
36.25 40% 
37.50 42% 
38.75 44% 

40.00 45% 
41.25 47% 
43.75 50% 
46.25 53% 
47.50 55% 
48.75 56% 

50.00 58% 
51.25 60% 
52.50 61% 
56.25 66% 
57.50 68% 
58.75 69% 

60.00 71% 
61.25 72% 
62.50 74% 
63.75 76% 
68.75 82% 

70.00 84% 
71.25 85% 
72.50 87% 
73.75 88% 
75.00 90% 



Exhibit 8. Point-Probability Transformation Schedule: 
Unit-Profit + Penalty Scheme, 

Risk Neutrality. 

investment Points Chance to Win $1.00 

1.0 10% 
2.5 11% 
5.0 12% 
7.5 14% 

10.0 15% 
12.5 17% 
15.0 18% 

25.0 24% 

37.5 32% 

45.0 36% 

50.0 39% 

62.5 47% 
67.5 50% 

75.0 54% 

90.0 63% 

112.5 77% 

135.0 90% 
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investment points was calculated. Exhibits 7 and 8 identify all possible levels of 

investment points and their corresponding probabilities. The expected probabilities 

to win given risk-neutral predicted behavior under the Groves and firm-profit-

sharing schemes are 53% and 52%, respectively. The expected probability to win 

given risk-neutral predicted behavior under the unit-profit + penalty scheme is 

22%.19 As noted previously, a subject's chance of winning the lottery was 

displayed on his screen each period. The schedules were provided as a decision aid 

throughout the experiment. 

After point payoffs had been computed, the lottery was played as follows. 

Each subject drew from a lottery bag which contained chips labelled 1 to 100. If 

the chip drawn was less than or equal to the subject's probability to win, he won 

$1.00 for the period. If the chip drawn was greater than his probability to win, he 

won $0.00 for the period. Finally, a new trial began, replicating the one-period 

world. Subjects were re-paired each trial to minimize strategic behaviors (e.g.. tacit 

collusion). Experimental treatment A lasted ten periods. 

3.3.l.b. Resource Consumption Groups. 

In the resource consumption condition, resources were allocated in the same 

manner as before. Once resources had been allocated, the subject decided how 

19The expected probability to win given risk-neutral predicted behavior under the 
unit-profit + penalty scheme is lower than under the other two schemes due to the 
existence of the variance penalty. See section 3.6 for details on predicted behaviors 
under all conditions. 



many resources to invest and consume, zt and qit and entered his decision into the 

computer. Computation of point payoffs required little modification when a 

positive utility for resource consumption existed. The key difference entailed 

adding the points earned through investment to those acquired through resource 

consumption. Consumption points were calculated according to the following 

equation: 

Bt(qJ = 1.55(qi) - 0.05(qi)2, (3.3.4) 

where q( is the number of allocated resources a given subject chose to consume. 

The above consumption function was chosen such that subjects under all three 

schemes had an "interesting" tradeoff to make given risk-neutral preferences for 

bonus pay. That is, a function was found where a subject's propensity to consume 

would vary across all possible states of nature and where, regardless of expected 

outcome, it was never in a subject's best interest to always invest all of his 

allocated resources. 

Each subject's consumption points were tallied according to a schedule 

which represented equation 3.3.4 (see Exhibit 9). In the case of the Groves or 

firm-profit-sharing schemes, any subject whose performance measure (for resources 

invested) was less than or equal to zero received zero investment points for the 

current period. That is, a subject had to produce some positive amount in order to 



Exhibit 9. Resource Exchange Schedule. 

# Units Total Marginal 
Exchanged Points Points 

0 
1 1.5 1.5 
2 2.9 1.4 
3 4.2 1.3 
4 5.4 1.2 
5 6.5 1.1 
6 7.5 1.0 
7 8.4 0.9 
8 9.2 0.8 
9 9.9 0.7 
10 10.5 0.6 
11 11.0 0.5 
12 11.4 0.4 
13 11.7 0.3 
14 11.9 0.2 
15 12.0 0.1 

16-20 12.0 0.0 
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consume "profitably". Also, in the case of the unit-profit + penalty scheme, a 

subject who did not meet budgeted profit forfeited his consumption points and 

received only one point to determine his probability to win the lottery. Once 

investment and consumption points had been computed, each subject played the 

lottery for $1.00 using an additive point-probability transformation schedule for (1) 

probability due from total investment points earned; (2) probability due from 

resources exchanged; and, (3) a probability "constant" which represented the 

intercept of the transformation function. 

Specifically, for risk-neutral subjects who valued resource consumption and 

faced a Groves scheme, the probability was linear in points, P(winA^"(Bi(Gi))) = m 

+ n[Vn(Bi(Gi)) + VCBiCq,))], where VCB^qj)) was equal to B^), the number of 

points gained by trading resources directly for points, and m and n were parameters 

used to transform points to the [0,1] probability scale. Similarly, probabilities for 

risk-neutral subjects who valued resource consumption and faced either a unit-profit 

+ penalty or a firm-profit-sharing scheme were P(win/Vn(Bi(Ui+))) = m + 

n[Vn(Bi(U1+)) + V(B,(qi))] and P(winA^n(Bi(Fi))) = m + n^B^F,)) + V^))], 

respectively. 

Exhibit 10 presents the transformation functions given risk neutrality and 

utility for resource consumption. As in the no consumption case, investment point 

ranges under risk neutrality for each of the schemes in Exhibit 5 were calculated. 

Further, the investment-consumption pairs which led to the minimum and maximum 



Exhibit 10. Transformation Functions: 
Resource Consumption. 

Groves risk-neutral transformation function: 

P(winA^(Bi(Gi)) + V(B,(q^)) 

= -0.0488372 + 0.0124031[V"(Bi(Gi)) + V(B,(q,))]. 

Groves risk-averse transformation function: 

Pfwin/VWGi)) + V(B,(qi))) 

= 0.0335547 + 0.0664452tV,(Bi(Gi» + V(B,(qi))]. 

Unit-profit + penalty risk-neutral transformation function: 

P(win/V(Bi(Ui+)) + V(B,(CL))) 

= 0.0940298 + 0.00597014[Vn(Bi(Ui+)) + V(B,(q;))]. 

Unit-profit + penalty risk-averse transformation function: 

P(win/V'(Bi(Ui+)) + V(B,(q,)}) 

= 0.0335996 + 0.0664003[V"(Bi(Ui+)) + V(B,(qi))]. 

Firm-profit-sharing risk-neutral transformation function: 

PCwin/VTBiGF,)) + V(B,(q,))) 

= 0.10 + 0.0104575[V°(Bj(Fi)) + VCB,^))]. 

Firm-profit-sharing risk-averse transformation function: 

PCwin/VCB^)) + V(B,(qi))) 

= 0.1582995 + 0.0568789[V'(Bi(Fi» + V(B,(qi))]. 
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levels for total utility under the three schemes were determined.20 Two linear 

equations were derived as described above, one relating the minimum utility 

possible for a given scheme under resource consumption to a probability of 0.10, 

and a second relating the maximum utility possible to a probability of 0.90. Then, 

both equations were solved to determine the parameter values for m and n. 

Exhibits 11, 12, and 13 present the point-probability transformation 

schedules for the three schemes under risk neutrality and resource consumption. 

The point-probability transformation schedules can be interpreted as follows. First, 

a subject's investment points (which equalled his risk neutral utility from bonus 

pay) were calculated using the bonus functions presented in Exhibit 5. Next, his 

exchange (consumption) points (which equalled his utility from consumption) were 

calculated according to equation 3.3.4. By plugging investment points (risk-neutral 

utility from investment) and exchange points (utility from consumption) into the 

transformation function derived in Exhibit 10, the probability of winning the lottery 

at those given levels of investment and exchange points was calculated. Exhibits 

11, 12, and 13 identify all possible levels of investment points and their 

corresponding probabilities for each respective scheme. Further, the exhibits 

identify all possible levels of exchange points and their corresponding probabilities 

20The [min.max] = [(B^G,), Bi(qi))mia; (B,(Gi), B^qi))™"], investment-consumption 
point pairs for the Groves transformation function given risk neutrality and resource 
consumption were [(0,12); (70,6.5)]. For the unit-profit + penalty and firm-profit-
sharing schemes, the [min.max] were [(1,0); (135,0)] and [(0,0); (70,6.5)], respectively. 



84 

Exhibit 11. Point-Probability Transformation Schedule: 
Groves Scheme, Risk Neutrality, and Resource Consumption. 

(l) (2) 
Investment %-Chanca from Exchange %-Chanco from 
Points Invested Inputs Points Exchanged Inputs 

0.00 0% 0.0 0% 
1.5 2% 

12.50 16% 2.9 4% 
13.75 17% 4.2 5% 
15.00 19% 5.4 7% 
16.25 20% 6.5 8% 
17.50 22% 7.5 9% 
18.75 23% 8.4 10% 

9.2 11% 
23.75 30% 9.9 12% 
25.00 31% 10.5 13% 
26.25 33% 11.0 14% 
27.50 34% 11.4 14% 
28.75 36% 11.7 15% 

11.9 15% 
30.00 37% 12.0 15% 
31.25 39% 
35.00 43% 
36.25 45% 
37.50 47% 
38.75 48% 

40.00 50% 
41.25 51% 
43.75 54% 
46.25 57% 
47.50 59% 
48.75 61% 

50.00 62% Chance to Win $1.00 
51.25 64% 
52.50 65% To figure your chance to win 
56.25 70% $1.00 each period, add (1) and (2). 
57.50 71% Next, subtract (3), where (3) always 
58.75 73% equals 5%. 

60.00 75% 
61.25 76% 
62.50 78% 
63.75 79% 
68.75 85% 

70.00 87% 
71.25 88% 
72.50 90% 
73.75 92% 
75.00 93% 
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Exhibit 12. Point-Probability Transformation Schedule: 
Firm-Profit Sharing Scheme, Risk Neutrality, and Resource Consumption. 

(l) (2) 
Investment %-Chanc® from Exchange %-Cbanc@ from 
Points Invested Inputs Points Exchanged Inputs 

0.00 0% 0.0 0% 
1.5 2% 

12.50 13% 2.9 3% 
13.75 14% 4.2 4% 
15.00 16% 5.4 6% 
16.25 17% 6.5 7% 
17.50 18% 7.5 8% 
18.75 20% 8.4 9% 

9.2 10% 
23.75 25% 9.9 10% 
25.00 26% 10.5 11% 
26.25 27% 11.0 12% 
27.50 29% 11.4 12% 
28.75 30% 11.7 12% 

11.9 12% 
30.00 31% 12.0 13% 
31.25 33% 
35.00 37% 
36.25 36% 
37.50 39% 
38.75 41% 

40.00 42% 
41.25 43% 
43.75 46% 
46.25 48% 
47.50 50% 
48.75 51% 

50.00 52% Chance to Win $1.00 
51.25 54% 

Win $1.00 

52.50 55% To figure your chance to win 
56.25 59% $1.00 each period, add (1) and (2). 
57.50 60% Next, add (3), where (3) always 
58.75 61% equals 10%. 

60.00 63% 
61.25 64% 
62.50 65% 
63.75 67% 
68.75 72% 

70.00 73% 
71.25 75% 
72.50 76% 
73.75 77% 
75.00 78% 
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Exhibit 13. Point-Probability Transformation Schedule: 
Unit-Profit + Penalty Scheme, Risk Neutrality, and Resource Consumption. 

(l) (2 )  
Investment %-Chanc@ from Exchange %-Chanca 
Points Invested Inputs Points Exchanaed 

1.0 1% 0.0 0% 
2.5 1% 1.5 1% 
5.0 3% 2.9 2% 
7.5 4% 4.2 3% 

5.4 3% 
10.0 6% 6.5 4% 
12.5 7% 7.5 4% 
15.0 9% 8.4 5% 

9.2 5% 
25.0 15% 9.9 6% 

10.5 6% 
37.5 22% 11.0 7% 

11.4 7% 
45.0 27% 11.7 7% 

11.9 7% 
50.0 30% 12.0 7% 

62.5 37% 
67.5 40% 

75.0 45% 

90.0 54% 

112.5 67% 

135.0 81% 

Chance to Win $1.00 

To figure your chance to win 
$1.00 each period, add (1) and (2). 
Next, add (3), where (3) always 
equals 9%. 
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under each of the three schemes. Finally, the intercept term on the transformation 

function was represented by the constant added for each schedule. Thus, a subject 

could determine what his overall chance of winning the lottery would be for various 

investment-exchange point combinations.21 The schedules were provided as a 

decision aid throughout the experiment; subjects did not have to compute their 

probability to win, which was displayed on their computer screen after everyone 

had determined his APR. 

3.3.2. Experimental Treatment B: Risk Aversion. 

3.3.2.a. No Resource Consumption Groups. 

The task in experimental treatment B remained the same. First, each subject 

rolled his die to obtain his signal and determine which posterior distribution he 

would draw from to determine his APR. Next, the subject sent his PPR to the 

central manager via the computer, and the center allocated resources exactly as 

before. After resources were allocated, each subject made his investment-

consumption decision. Finally, after each subject determined his APR, point 

payoffs were calculated and the lottery played. Investment and consumption points 

were derived as before. However, the point-probability transformation used risk-

21 Enumerating all possible investment-exchange point combinations and their 
corresponding probabilities could have overwhelmed the subjects; the transformation 
schedules given, though incomplete, were felt to represent a more reasonable 
information load. 



averse utility functions for each incentive scheme. The following risk-averse utility 

functions were induced: 

V*(B,(G,)) = [B^G,) - 11.5]010101 (3.3.5) 

was the risk-averse utility function for the Groves scheme; 

VfaffV-)^ [Bi(Ui+)].010101 (3.3.6) 

was the risk-averse utility function for the unit-profit + penalty scheme; and, 

Va(B|(F,)) = [Bi(Fi) - 11.5]010101 (3.3.7) 

was the risk-averse utility function for the firm-profit-sharing scheme. Exhibit 5 

provides a complete enumeration of performance measures, payoff functions, and 

utility functions for the three schemes. 

The risk-averse utility functions were chosen as follows. First, a function 

was found which would lead to a precise behavioral prediction under the Groves 

scheme in the risk-averse, no-consumption treatment condition. However, a 

function was sought which was not so concave such as to preclude a reasonable test 

of the research hypotheses. That is, a moderately-concave utility function was 

found such that a precise prediction in the experimental setting was obtained for the 

Groves scheme. The risk-averse utility functions for the firm-profit-sharing and 
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unit-profit + penalty schemes were keyed to the risk-averse Groves utility function 

so that the functional forms across the three schemes would be similar. 

The probabilities of winning $1.00 lottery for risk-averse subjects were 

concave in points, based on the risk-averse utility functions described above. That 

is, the probabilities for risk-averse subjects who faced a Groves scheme were 

derived through the following equation, P(win/V'(B,(Gj))) = m + n[Va(Bj(Gi))]. 

Point-probability transformations for the unit-profit + penalty and the firm-profit-

sharing schemes were effected through the equations P(win/Va(B,(U,+))) = m + 

n[Va(Bi(Ui+))] and P(win/Va(Bi(Fi))) = m + ntV^B^Fi))], respectively. 

Exhibit 6 presents the point-probability transformation functions given risk 

aversion and no resource consumption. Transformation functions were derived 

similarly to the risk-neutral conditions. That is, the minimum and maximum risk-

averse utilities possible under each of the schemes were determined and used to 

derive the parameters on the transformation functions. Exhibits 14 and 15 contain 

the point-probability transformation schedules for the Groves and firm-profit-

sharing schemes, and the unit-profit + penalty scheme, respectively, given risk 

aversion. As before, schedules were provided as decision aids only and a subject's 

chance to win was displayed on his terminal each period. 

After point payoffs had been computed, the lottery was played as described 

above. Finally, a new trial began, replicating the one-period world, where subjects 



Exhibit 14. Point-Probability Transformation Schedule 
Groves and Firm-Profit Sharing Schemes, 

Risk Aversion. 

Investment Pointo Chance to W: 

12.50 10% 
13.75 25% 
15.00 34% 
16.25 40% 
17.50 44% 
18.75 48% 

23.75 58% 
25.00 60% 
26.25 61% 
27.50 63% 
28.75 65% 

30.00 66% 
31.25 67% 
35.00 71% 
36.25 72% 
37.50 73% 
38.75 73% 

40.00 74% 
41.25 75% 
43.75 77% 
46.25 78% 
47.50 79% 
48.75 80% 

SO. 00 80% 
51.25 81% 
52.50 81% 
56.25 83% 
57.50 84% 
58.75 84% 

60.00 85% 
61.25 85% 
62.50 86% 
63.75 86% 
68.75 88% 

70.00 88% 
71.25 89% 
72.50 89% 
73.75 90% 
75.00 90% 



Exhibit 15. Point-Probability Transformation Schedule: 
Unit-Profit + Penalty Scheme, 

Risk Aversion. 

Investment Points Chance to Win $1.00 

1.0 10% 
2.5 25% 
5.0 36% 
7.5 42% 

10.0 47% 
12.5 51% 
15.0 54% 

25.0 62% 

37.5 69% 

45.0 72% 

50.0 73% 

62.5 77% 
67.5 78% 

75.0 80% 

90.0 83% 

112.5 87% 

135.0 90% 
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were re-paired each trial to minimize strategic behaviors (e.g.. tacit collusion). 

Experimental treatment B also lasted ten periods. 

3.3.2.b. Resource Consumption Groups. 

In the resource consumption conditions, the probabilities of winning $1.00 

lottery for risk-averse subjects were concave in points, as above. That is, the 

probabilities for risk-averse subjects who faced a Groves scheme and valued 

resource consumption were derived through the following equation, 

P(winA^a(Bi(Gi)) + V(Bj(q,))). Point-probability transformations for the unit-profit + 

penalty and the firm-profit-sharing schemes were effected through the equations, 

P(win/Va(Bi(Ui+)) + VCB^qi))) and P(win/V'(Bj(F,)) + V(B,(q,))), respectively.22 

As in the risk-neutral case, under the Groves or firm-profit-sharing schemes, 

any subject whose performance measure (for resources invested) was less than or 

equal to zero received zero investment points for the current period. Also, in the 

case of the unit-profit + penalty scheme, a subject who did not meet budgeted profit 

forfeited his consumption points and received only one point to determine his 

probability to win the lottery. 

Exhibit 10 presents the transformation functions given risk aversion and 

utility for resource consumption, where transformation functions were calculated 

22The [min,max] investment-consumption point pairs for the Groves transformation 
function given risk aversion and resource consumption were [(12.5,0); (60,12)]. For 
the unit-profit + penalty and firm-profit-sharing schemes, the [min,max] were [(1,0); 
(105,12)] and [(0,0); (60,12)], respectively. 
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using the investment-exchange point pairs which led to the minimum and maximum 

total utilities given risk aversion and utility for resource consumption. Exhibits 16, 

17, and 18 present the point-probability transformation schedules for the three 

schemes under risk aversion and resource consumption which were given as 

decision aids to each subject. As before, the chance to win each period was 

displayed on the screen. 

As can be seen from the above discussion, monetary payoffs were not 

equivalent throughout the experiment. That is, different absolute levels of 

investment and/or consumption, especially in the risk-averse treatment cells, were 

required to maximize utility and, hence, experimental payoffs. To equate monetary 

payoffs across all six experimental conditions, either the lottery prize or the 

functional form for consumption would have required modifications. A decision 

was made to hold both the lottery prize and consumption function constant across 

conditions, despite the resulting non-equivalent payoffs across conditions because 

such allows for greater control in the experimental setting and more closely 

approximates what might be observed in actual organizational settings. That is, 

eventual outcomes and outcome payoffs would be equivalent in practice, despite 

differences in the underlying incentive environments. Further, assuming identical 

agents across settings implies identical utility functions for consumption. 
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Exhibit 16. Point-Probability Transformation Schedule: 
Groves Scheme, Risk Aversion, and Resource Consumption. 

(l) (2) 
Investment %-Chance from Exchange %-Chanco from 
Points Invested Inputs Points Exchanged Inputs 

0 . 0 0  -7% 

12.50 
13.75 
15.00 
16.25 
17.50 
18.75 

7% 
7% 
7% 
7% 
7% 
7% 

23.75 
25.00 
26.25 
27.50 
28.75 

7% 
7% 
7% 
7% 
7% 

30.00 
31.25 
35.00 
36.25 
37.50 
38.75 

7% 
7% 
7% 
7% 
7% 
7% 

0 . 0  
1.5 
2.9 
4.2 
5.4 
6.5 
7.5 
8.4 
9.2 
9.9 
10.5 
11.0 
11.4 
11.7 
11.9 
12.0 

0% 
10% 
19% 
28% 
36% 
43% 
50% 
56% 
61% 
66% 
70% 
73% 
76% 
78% 
79% 
80% 

40.00 7% 
41.25 7% 
43.75 7% 
46.25 7% 
47.50 7% 
48.75 7% 

50.00 7% Chance to Win $1.00 
51.25 7% 
52.50 7% To figure your chance to win 
56.25 7% $1.00 each period, add (1) and {2). 
57.50 7% Next, add (3), where (3) always 
58.75 7% equals 3%. 

60.00 7% 
61.25 7% 
62.50 7% 
63.75 7% 
68.75 7% 

70.00 7% 
71.25 7% 
72.50 7% 
73.75 7% 
75.00 7% 
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Exhibit 17. Point-Probability Transformation Schedule: 
Firm-Profit Sharing Scheme, Risk Aversion, and Resource Consumption. 

U >  ( 2 )  
Investment %-Chance from Exchange %-Chanc© from 
Points Inveatod Inputs Points Exchanged Inputs 

0 . 0 0  - 6 %  0 . 0  0 %  
1.5 9% 

12.50 6% 2.9 17% 
13.75 6% 4.2 24% 
15.00 6% 5.4 31% 
16.25 6% 6.5 37% 
17.50 6% 7. 5  43% 
18.75 6% 8.4 48% 

9.2 52% 
23.75 6% 9.9 56% 
25.00 6% 10.5 60% 
26.25 6% 11.0 63% 
27.50 6% 11.4 65% 
28.75 6% 11.7 67% 

11.9 68% 
30.00 6% 12.0 68% 
31.25 6% 
35.00 6% 
36.25 6% 
37.50 6% 
38.75 6% 

40.00 6% 
41.25 6% 
43.75 6% 
46.25 6% 
47.50 6% 
48.75 6% 

50.00 6% Chance to Win $1.00 
51.25 6% 
52.50 6% To figure your chance to win 
56.25 6% $1.00 each period, add (1) and (2). 
57.50 6% Next, add (3), where (3) always 
58.75 6% equals 16%. 

60.00  6% 
61.25 6% 
62.50 6% 
63.75 6% 
68.75 6% 

70.00 6% 
71.25 6% 
72.50 6% 
73.75 6% 
75.00 6% 
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Exhibit 18. Point-Probability Transformation Schedule: 
Unit-Profit + Penalty Scheme, Risk Aversion, and Resource Consumption. 

Investment 
Points 

1.0 
2.5 
5.0 
7.5 

10.0 
12.5 
15.0 

25.0 

37.5 

45.0 

50.0 

62.5 
67.5 
75.0 

90.0 

112.5 

135.0 

(1) 
%-Chance from 
Invested Inputs 

7% 
7% 
7% 
7% 

7% 
7% 
7% 

7% 

7% 

7% 

7% 

7% 
7% 
7% 

7% 

7% 

7% 

Exchange 
Points 

0 . 0  
1.5 
2.9 
4.2 
5.4 
6.5 
7.5 
8.4 
9.2 
9.9 
10.5 
11.0 
11.4 
11.7 
11.9 
12.0 

(2 )  
%-Charic© from 
Exchanged Inputs 

0% 
10% 
19% 
28% 
36% 
43% 
50% 
56% 
61% 
66% 
70% 
73% 
76% 
78% 
79% 
80% 

Chance to Win $1.00 

To figure your chance to win 
$1.00 each period, add (1) and (2) 
Next, add (3), where (3) always 
equals 3%. 
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3.4. Post-Experimental Questionnaire. 

After completion of both experimental treatments, a post-experimental 

questionnaire was administered to measure the strength of the experimental 

manipulations, to assess subject strategies, and to measure attitudinal and 

demographic characteristics of the participants which may have had a bearing on 

the experimental results. Three items were designed to assess whether subjects 

understood their task after the example trials and after each experimental treatment. 

Four items assessed whether subjects understood the relationship between 

investment points, exchange points, and the lottery following each experimental 

treatment. Additional items asked subjects to indicate their message-sending and 

resource consumption maximization strategies. Finally, several miscellaneous items 

concerned issues of fairness and collusion, among others. 

Appendix B contains a copy of the post-experimental questionnaire. 

3.5. Measures. 

The actual resource allocations and firm profits could deviate from optimal 

due to the behavior of either one or both of the subjects. Therefore, the key 

dependent measure used to test Hla, Hlb, and Hlc consists of the difference 

between the message sent, m^r,), and the expected value of Sj(Zj) given the signal e^ 

EtSj/eJ. That is, 



SM = m^) - Efs/eJ 

= PPR - EPR. (3.5.1) 

This measures signed misrepresentation (SM), or misrepresentation which could 

lead to slack. Measuring the direction of the difference between projected and 

expected ROIs is important. When a unit manager overstates, the measure 

represents an attempt to create input slack in the form of additional resources. 

When a unit manager understates, the measure represents an attempt to obtain 

output slack in the form of a lower budget. 

Two additional measure? of misrepresentation are examined. Absolute 

misrepresentation (AM) is the absolute difference between mi(ri) and Ets/eJ, or 

AM = | SM |. (3.5.2) 

Relative misrepresentation (RM), 

RM = AM/[EPR - 1.5], given understatement 

= AM/[4.0 - EPR], given overstatement 

= 0, given truthful message (3.5.3) 

reflects the degree of misrepresentation relative to the range of possible 

misrepresentation. Both AM and RM allow for better comparisons of the 

differences in the degree of misrepresentation between experimental groups because 
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neither measure is directional. That is, if some subjects within a group overstate 

and the remaining subjects understate by an equivalent amount, SM as a measure of 

misrepresentation may indicate a deflated amount of misstatement when averaged 

within a group, whereas both AM and RM would reflect actual (nondirectional) 

magnitudes of misrepresentation across groups more accurately. 

Three additional measures supplement analyses of Hla, Hlb, and Hlc. The 

difference between a subject's optimal performance capability and budgeted profit 

measures the fourth dependent variable. That is, output slack (OS) is measured by 

OS = Efs/ejKr,**) - m^**) 

= EPROf*) - PPR(r,**) (3.5.4) 

where r^* is the optimal resource allocation. The fifth measure is the difference 

between a subject's actual resource allocation and the optimal resource allocation. 

That is, 

IS = m;(rj**) - rrijfo*) 

= EPRfo**) - EPRfr*) (3.5.5) 

measures input slack (IS). The difference between expected firm profit given the 

actual resource allocation and imputed firm profit given an optimal resource 

allocation constitutes the sixth measure. That is, 
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ML = EPR,(r,* - r,**) + EPR2(r2* - r2**) (3.5.6) 

measures actual misrepresentation loss (ML), where the value of ML is zero 

whenever the actual allocation equals the optimal allocation. 

Two dependent measures are used to test H2a, H2b, H3a, H3b, and H3c. 

The first measure is actual consumption (AC). That is, 

AC = r,* - z> = q,* (3.5.7) 

Relative consumption (RC), 

RC = ACAf = q,*/^* (3.5.8) 

measures the percentage of consumption using allocated resources as a base. 

Although specific hypotheses do not address the impact of distorted 

communications on firm profits when subjects can consume allocated resources, an 

additional dependent measure is used. This measure is the difference between firm 

profit based on allocated resources and firm profit based on invested resources. 

This measure is computed based on the actual Sj(Zj) revealed following the subjects' 

investment decisions, as follows 

CL = APR,(r,* - z^) + APR2(r2* - z,*). (3.5.9) 

This measures firm profit lost through consumption (CL). 
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For convenience, Exhibit 19 displays the main dependent variables. 

Supplemental measures consist of responses on the post-experimental manipulation 

check and questionnaire. 

3.6. Predictions. 

Truthful behavior in the experimental treatments is evaluated based on the 

expected value of the state variable given the signal received, that is, Ets/eJ, or 

EPR. For the low signal, e/, the expected value (EPR) is 2.5. For the high signal, 

e/1, the expected value (EPR) is 3.0. As previously noted, subjects were told the 

expected value of each signal at the beginning of the experiment. However, 

subjects could have focused instead on the most frequently occurring state given 

each signal, using the modal state as the truthful message. 

Table 1 presents the expected utilities for the Groves scheme for each signal 

assuming risk neutrality and no opportunity for consuming resources. Given these 

conditions and either signal, truth-telling is a dominant strategy. That is, a subject 

receiving e/ would send m^) = 2.5, the expected value of the low signal, Ets/ej'J. 

Likewise, a subject receiving e* would send m^) = 3.0, the expected value of the 

high signal, E[s/ejh]. Table 2 indicates that the best strategy is to understate 

expected ROI given the Groves scheme, risk aversion, and no utility for consuming 

resources. That is, a subject receiving e,1 would send m^ri) = 2.0, and a subject 

receiving e* would send m^ri) = 2.5. Thus, risk-averse subjects under this 

experimental version of the Groves scheme would understate ROI more than risk-



Exhibit 19. Main Dependent Measures. 

signed misrepresentation: 

SM = m^) - Ets/eJ = PPR - EPR. 

absolute misrepresentation: 

AM = | SM |. 

relative misrepresentation: 

RM = AM/[EPR - 1.5], given understatement 

= AM/[4.0 - EPR], given overstatement 

= 0, given truthful message. 

output slack: 

OS = Ets/eJOj**) - m,(r>*) = EPR(r,**) - PPR(r>*). 

input slack: 

IS = niifri**) - m,(r;*) = EPR(r>*) - EPR(r>). 

misrepresentation loss: 

ML = EPR,(r,* - r,**) + EPR2(r2* - r2**). 

actual consumption: 

AC = r> - Z;* = q*. 

relative consumption: 

RC = AC/r;* = q,*/r,*. 

consumption loss: 

CL = APR,(r,* - z,*) + APR2(r2* - Zj*). 



Table 1. Groves Expected Utilities: 
Risk Neutrality and No Resource Consumption. 

1 .5 2 .0 2 .5 3 .0 3 .5 4 .0 

1 .5 25 .00 26 .25 37 .50 48 .75 60 .00 71 .25 

2 .0 35 .00 31 .25 37 .50 48 .75 60 .00 71 .25 

2 .5 35 

o
 

©
 36 .25* 37 .50* 48 .75* 60 .00* 71 

in • 

3 .0 35 .00 36 .25 37 .50 43 .75 60 .00 71 .25 

3 .5 35 .00 36 .25 37 .50 38 .75 50 .00 71 .25 

4 .0 35 .00 36 .25 37 .50 38 .75 40 .00 56 .25 

1 .5 2 .0 2 

mj 

.5 3 .0 3 .5 4 .0 

1 .5 31 .25 27 .50 38 .75 50 .00 61 .25 72 .50 

2 .0 46 .25 37 .50 38 .75 50 .00 61 .25 72 .50 

2 .5 46 .25 47 .50 43 .75 50 .00 61 .25 72 .50 

3 .0 46 .25* 47 .50* 48 .75* 50 .00* 61 .25* 72 .50* 

3 .5 46 .25 47 .50 48 .75 50 .00 56 .25 72 .50 

4 .0 46 .25 47 .50 48 .75 50 .00 51 .25 62 .50 
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Table 2. Groves Expected Utilities: 
Risk Aversion and No Resource Consumption. 

1.5 2.0 2.5 3.0 3.5 4.0 

1.5 102.27 102.76 103.34 103.72 104.00 104.22 

2.0 102.75" 102.93* 103.34* 103.72* 104.00* 104.22* 

2.5 102.75 102.93 103.28 103.72 104.00 104.22 

3.0 102.75 102.93 103.05 103.53 104.00 104.22 

3.5 102.75 102.93 103.05 103.14 103.73 104.22 

4.0 102.75 102.93 103.05 103.14 103.22 103.89 

1.5 2.0 2.5 3.0 3.5 4.0 

1.5 102.77 102.83 103.39 103.76 104.03 104.24 

2.0 103.30 103.42 103.39 103.76 104.03 104.24 

2.5 103.30* 103.42* 103.51* 103.76* 104.03* 104.24* 

3.0 103.30 103.42 103.50 103.72 104.03 104.24 

3.5 103.30 103.42 103.50 103.57 103.89 104.24 

4.0 103.30 103.42 103.50 103.57 103.62 104.24 
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neutral subjects. Data analyses in Chapter 4 focus on these different predictions for 

the risk-neutral versus risk-averse case. 

Given firm-profit-sharing and risk neutrality, the best strategy in the 

experimental setting is to understate maximally if e/ is observed and to overstate 

maximally if e,h is observed. Referring to Table 3, a subject receiving e/ would 

send m^i) = 1.5, and a subject receiving e/1 would send m^r;) = 4.0. However, 

given risk aversion and either e/ or e/1, a subject's best message would always equal 

the other's message, as shown by the symmetric Nash equilibria along the diagonals 

of Tables 4 and 5. Predicting a given subject's optimal message-sending strategy 

ex ante is difficult without making an assumption about the other subject's 

behavior. However, subjects in the firm-profit-sharing groups should exhibit 

relatively more misstatement given risk aversion. 

Given a unit-profit + penalty scheme and risk neutrality, the Pareto optimal 

Nash equilibrium strategy is to overstate expected ROI, regardless of the signal 

observed. Specifically, as Tables 6 and 7 show, subjects would send mi(ri) = 3.5, 

implying that the increased payoffs associated with receiving higher allocations 

outweigh the potential penalty. However, with risk aversion, the potential penalty 

increases in importance. The Pareto optimal Nash equilibrium strategy for a risk-

averse subject observing e,1 is to send m,(rj) = 2.0, thereby understating with respect 

to the expected state value. For a subject observing eih, there is no equilibrium 

strategy (see Tables 8 and 9). Thus, risk-averse subjects would understate ROI 



Table 3. Firm-Profit-Sharing Expected Utilities: 
Risk Neutrality and No Resource Consumption. 

mj 

1.5 2.0 2.5 3.0 3.5 4.0 

1.5 40.63* 43.13* 43.13* 43.13* 43.13* 43.13* 

2.0 38.13 40.63 43.13 43.13 43.13 43.13 

2.5 38.13 38.13 40.63 43.13 43.13 43.13 

3.0 38.13 38.13 38.13 40.63 43.13 43.13 

3.5 38.13 38.13 38.13 38.13 40.63 43.13 

4.0 38.13 38.13 38.13 38.13 38.13 40.63 

1.5 2.0 2.5 3.0 3.5 4.0 

1.5 46.88 44.38 44.38 44.38 44.38 44.38 

2.0 49.38 46.88 44.38 44.38 44.38 44.38 

2.5 49.38 49.38 46.88 44.38 44.38 44.38 

3.0 49.38 49.38 49.38 46.88 44.38 44.38 

3.5 49.38 49.38 49.38 49.38 46.88 44.38 

4.0 49.38* 49.38* 49.38* 49.38* 49.38* 46.88* 



Table 4. Firm-Profit-Sharing Expected Utilities: 
Risk Aversion and No Resource Consumption. 

Joint Payoffs (o,1, BIOj]) (i >! j) 

*1 
1.5 2.0 2.5 3.0 3.5 4.0 

1.5 
103.42* 

103.29* 

103.30 

103.25 

103.30 

103.25 

103.30 

103.25 

103.30 

103.25 

103.30 

103.25 

2.0 
103.29 

103.07 

103.42* 

103.29* 

103.30 

103.25 

103.30 

103.25 

103.30 

103.25 

103.30 

103.25 

2.5 
103.29 

103.07 

103.29 

103.07 

103.42* 

103.29* 

103.30 

103.25 

103.30 

103.25 

103.30 

103.25 

3.0 
103.29 

103.07 

103.29 

103.07 

103,i9 

103.07 

103.42* 

103.29* 

103.30 

103.25 

103.30 

103.25 

3.5 
103.29 

103.07 

103.29 

103.07 

103.29 

103.07 

103.29 

103.07 

103.42* 

103.29* . 

103.30 

103.25 

4.0 
103.29 

103.07 

103.29 

103.07 

103.29 

103.07 

103.29 

103.07 

103.29 

103.07 

103.42* 

103.29* 



Table 5. Firm-Profit-Sharing Expected Utilities: 
Risk Aversion and No Resource Consumption. 

Joint Payoffo (o£h, 8[0j]) (i i! j) 

m, 
1.5 2.0 2.5 3.0 3.5 4.0 

1.5 
103.42* 

103.54* 

103.30 

103.33 

103.30 

103.33 

103.30 

103.33 

103.30 

103.33 

103.30 

103.33 

2.0 
103.20 

103.52 

103.42* 

103.54* 

103.30 

103.33 

103.30 

103.33 

103.30 

103.33 

103.30 

103.33 

2.5 
103.29 

103.52 

103.29 

103.52 

103.42* 

103.54* 

103.30 

103.33 

103.30 

103.33 

103.30 

103.33 

3.0 
103.29 

103.52 

103.29 

103.52 

103.29 

103.52 

103.42* 

103.54* 

103.30 

103.33 

103.30 

103.33 

3.5 
103.29 

103.52 

103.29 

103.52 

103.29 

103.52 

103.29 

103.52 

103.42* 

103.54* 

103.30 

103.33 

4.0 
103.29 

103.52 

103.29 

103.52 

103.29 

103.52 

103.29 

103.52 

103.29 

103.52 

103.42* 

103.54* 



Table 6. Unit-Profit + Penalty Expected Point Payoffs: 
Risk Neutrality and No Resource Consumption. 

Joint Payoffo (q,1, Bio.,]) (i i* j) 

m., 
m, 1.5 2.0 2.5 3.0 3.5 4.0 

1.5 
43.75 

37.50 

76.11 

7.50 

67.26 

7.50 

55.63 

7.50 

40.05 

7.50 

17.75 

7.50 

2.0 
8.75 

64.38 

42.31 

35.78 

67.26 

7.38 

55.63 

7.38 

40.05 

7.38 

17.75 

7.38 

2.5 
8.75 

51.08 

8.61 

51.08 

37.51 

28.58 

55.63 

6.08 

40.05 

6.08 

17.75 

6.08 

3.0 
8.75 

34.45 

8.61 

34.45 

7.76 

34.45 

31.13 

19.45 

40.05 

4.45 

17.75 

4.45 

3.5 
8.75 

25.55 

8.61 

25.55 

7.76 

25.55 

6.63 

25.55 

22.55* 

14.55* 

17.75 

3.55 

4.0 
8.75 

14.40 

8.61 

14.40 

7.76 

14.40 

6.63 

14.40 

5.05 

14.40 

10.25* 

8.40* 



Table 7. Unit-Profit + Penalty Expected Point Payoffs: 
Risk Neutrality and No Resource Consumption. 

Joint Payoffo (0,', E[o,]) (i j) 

1.5 2.0 2.5 3.0 3.5 4.0 

1.5 
43.75 

50.00 

76.11 

10.00 

67.26 

10.00 

55.63 

10.00 

40.05 

10.00 

17.75 

10.00 

2.0 
8.75 

87.85 

42.31 

48.85 

67.26 

9.85 

55.63 

9.85 

40.05 

9.85 

17.75 

9.85 

2.5 
8.75 

83.45 

8.61 

83.45 

37.51 

46.45 

55.63 

9.45 

40.05 

9.45 

17.7S 

9.45 

3.0 
8.75 

76.80 

8.61 

76.80 

7.76 

76.80 

31.13 

42.80 

40.05 

8.80 

17.75 

8.80 

3.5 
8.75 

54.55 

8.61 

54.55 

7.76 

54.55 

6.63 

54.55 

22.55* 

30.55* 

17.75 

6.55 

4.0 
8.75 

21.10 

8.61 

21.10 

7.76 

21.10 

6.63 

21.10 

5.05 

21.10 

10.25* 

12.10* 



Table 8. Unit-Profit + Penalty Expected Point Payoffs: 
Risk Aversion and No Resource Consumption. 

Joint Payoffo (©/, B[o3]) (i M j) 

M, 

% 1.5 2.0 2.5 3.0 3.5 4.0 

1.5 
103.76 

103.59 

103.98 

101.92 

103.19 

101.92 

101.78 

101.92 

101.62 

101.92 

100.64 

101.92 

2.0 
102.08 

103.73 

103.43** 

103.20** 

103.19 

101.78 

101.78 

101.78 

101.62 

101.78 

100.64 

101.78 

2.5 
102.08 

102.55 

101.97 

102.55 

102.77* 

102.21* 

101.78 

101.29 

101.62 

101.29 

100.64 

101.29 

3.0 
102.08 

101.46 

101.97 

101.46 

101.64 

101.46 

102.12 

101.28 

101.62 

100.77 

100.64 

100.77 

3.5 
102.08 

101.00 

101.97 

101.00 

101.64 

101.00 

101.28 

101.00 

101.41 

100.87 

100.64 

100.54 

4.0 
102.08 

100.51 

101.97 

100.51 

101.64 

100.51 

101.28 

100.51 

100.87 

100.51 

100.56 

100.45 



Table 9. Unit-Profit + Penalty Expected Point Payoffs: 
Risk Aversion and No Resource Consumption. 

Joint Payoffs (a,*, BEs,]) (i j) 

M, 

% 1.5 2.0 2.5 3.0 3.5 4.0 

1.5 
103.76 

103.92 

103.98 

102.24 

103.19 

102.24 

101.78 

102.24 

101.62 

102.24 

100.64 

102.24 

2.0 
102.08 

104.22 

103.43 

103.66 

103.19 

102.15 

101.78 

102.15 

101.62 

102.15 

100.64 

102.15 

3.5 
102.08 

103.83 

101.97 

103.83 

102.77 

103.33 

101.78 

101.98 

101.62 

101.98 

100.64 

101.98 

3.0 
102.08 

103.39 

101.97 

103.39 

101.64 

103.39 

102.12 

102.96 

101.62 

101.78 

100.64 

101.78 

3.5 
102.08 

102.23 

101.97 

102.23 

101.64 

102.23 

101.28 

102.23 

101.41 

101.95 

100.64 

101.19 

4.0 
102.08 

100.76 

101.97 

100.76 

101.64 

100.76 

101.28 

100.76 

100.87 

100.76 

100.56 

100.67 
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more than would risk-neutral subjects, due to the potential penalty. However, risk-

neutral subjects are willing to overstate ROI in an attempt to increase their allocations 

despite the existence of a budget penalty. 

Tables 10 and 11 present cumulative benefits and costs to resource consumption 

given Groves and firm-profit-sharing schemes, and a unit-profit + penalty scheme, 

respectively. Tables 12 and 13 show net benefits to resource consumption for the 

Groves and firm-profit-sharing schemes, and a unit-profit + penalty scheme, 

respectively. Due to the differential pay coefficients among the schemes, subjects 

rewarded under either Groves or a firm-profit-sharing scheme would benefit more from 

consuming resources than would subjects facing a unit-profit + penalty scheme. The 

opportunity to consume resources would lead subjects to overstate under the Groves 

and firm-profit sharing schemes and to understate under the unit-profit + penalty 

scheme. 

Although risk attitudes do not affect utility received from resource consumption 

(a subject who consumes a given number of resources would receive equivalent 

exchange points regardless of risk orientation), the differential in units consumed 

would increase when risk-averse attitudes are induced. That is, due to the shift in 

relative weights of the investment and consumption arguments in the combined utility 

function, risk aversion would induce subjects under the unit-profit + penalty scheme 

to consume fewer resources and those under either a Groves or firm-profit-sharing 

scheme to consume more resources. 
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Table 10. Resource Consumption: Cumulative Benefits and Costs, 
Groves and Firm-Profit-Sharing Schemes. 

# units Banefit Cost in Points Given Occurs 
Exchanged in Points 1.5 2.0 2.5 3.0 3 • 5 4 .0 

0 _ _ _ - — — -

1 1.5 0.375 0.5 0.625 0.75 0.875 1.0 
2 2.9 0.750 1.0 1.250 1.50 1.750 2.0 
3 4.2 1.125 1.5 1.875 2.25 2.625 3.0 
4 5.4 1.500 2.0 2.500 3.00 3.500 4.0 
5 6.5 1.875 2.5 3.125 3.75 4.375 5.0 
6 7.5 2.250 3.0 3.750 4.50 5.250 6.0 
7 8.4 2.625 3.5 4.375 5.25 6.125 7.0 
8 9.2 3.000 4.0 5.000 6.00 7.000 8.0 
9 9.9 3.375 4.5 5.625 6.75 7.875 9.0 
10 10.5 3.750 5.0 6.250 7.50 8.750 10.0 
11 11.0 4.125 5.5 6.875 8.25 9.625 11.0 
12 11.4 4.500 6.0 7.500 9.00 10.500 12.0 
13 11.7 4.875 6.5 8.125 9.75 11.375 13.0 
14 11.9 5.250 7.0 8.750 10.50 12.250 14.0 
15 12.0 5.625 7.5 9.375 11.25 13.125 15.0 
16-20 12.0 5.625 7.5 9.375 11.25 13.125 15.0 



Table 11. Resource Consumption: Cumulative Benefits and Costs, 
Unit-Profit + Penalty Scheme. 
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# Units Benefit Cost in Points Given Occurs 
Exchanged in Points 1.5 2.0 2.5 3.0 3.5 4 .0 

0 _ — - - - - -

1 1.5 0.75 1.0 1.25 1.50 1.75 2.0 
2 2.9 1.50 2.0 2.50 3.00 3.50 4.0 
3 4.2 2.25 3.0 3.75 4.50 5.25 6.0 
4 5.4 3.00 4.0 5.00 6.00 7.00 8.0 
5 6.5 3.75 5.0 6.25 7.50 8.75 10.0 
6 7.5 4.50 6.0 7.50 9.00 10.50 12.0 
7 8.4 5.25 7.0 8.75 10.50 12.25 14.0 
8 9.2 6.00 8.0 10.00 12.00 14.00 16.0 
9 9.9 6.75 9.0 11.25 13.50 15.75 18.0 
10 10.5 7.50 10.0 12.50 15.00 17.50 20.0 
11 11.0 8.25 11.0 13.75 16.50 19.25 22.0 
12 11.4 9.00 12.0 15.00 18.00 21.00 24.0 
13 11.7 9.75 13.0 16.25 19.50 22.75 26.0 
14 11.9 10.50 14.0 17.50 21.00 24.50 28.0 
15 12.0 11.25 15.0 18.75 22.50 26.25 30.0 
16-20 12.0 11.25 15.0 18.75 22.50 26.25 30.0 



Table 12. Resource Consumption: Net Gain (Loss), 
Groves and Firm-Profit-Sharing Schemes. 

# Unite Gain (Loss) In Points Given a. Occurs 
Exchanaod 1.5 2.0 2.5 3.0 3.5 4.0 

0 
1 1.125 1.0 0.875 0.75 0.625 0.5 
2 2.150 1.9 1.650 1.40 1.150 0.9 
3 3.075 2.7 2.325 1.95 1.575 1.2 
4 3.900 3.4 2.900 2.40 1.900 1.4 
5 4.625 4.0 3.375 2.75 2.125 1.5* 
6 5.250 4.5 3.750 3.00 2.250 1.5* 
7 5.775 4.9 4.025 3.15 2.275* 1.4 
8 6.200 5.2 4.200 3.20* 2.200 1.2 
9 6.525 5.4 4.275* 3.15 2.025 0.9 
10 6.750 5.5" 4.250 3.00 1.750 0.5 
11 6.875 5.5* 4.125 2.75 1.375 0.0 
12 6.900* 5.4 3.900 2.40 0.900 (0.6) 
13 6.825 5.2 3.575 1.95 0.325 (1.3) 
14 6.650 4.9 3.150 1.40 (0.350) (2.1) 
15 6.375 4.5 2.625 0.75 (1.125) (3.0) 
16-20 6.000 4.0 2.000 0.00 (2.000) (4.0) 
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Table 13. Resource Consumption: Net Gain (Loss), 
Unit-Profit + Penalty Scheme.23 

ft Units Gain (Lose) in Points Given s. Occurs 
Exchanged 1.5 2.0 2.5 3.0 3.5 4.0 

0 
1 0.75 0.5 0.25 

_ * 
0.0* 

_ « 

(0.25) 
_ * 

(0.5) 
2 1.40 0.9 0.40 (0.1) (0.60) (1.1) 
3 1.95 1.2 0.45* (0.3) (1.05) (1.8) 
4 2.40 1.4 0.40 (0.6) (1.60) (2.6) 
5 2.75 1.5* 0.25 (1.0) (2.25) (3.5) 
6 3.00 1.5* 0.00 (1.5) (3.00) (4.5) 
7 3.15 1.4 (0.35) (2.1) (3.85) (5.6) 
8 3 .20" 1.2 (0.80) (2.8) (4.80) (6.8) 
9 3.15 0.9 (1.35) (3.6) (5.85) (8.1) 
10 3.00 0.5 (2.00) (4.5) (7.00) (9.5) 
11 2.75 0.0 <2.75) (5.5) (8.25) (11.0) 
12 2.40 (0.6) (3.60) (6.6) (9.60) (12.6) 
13 1.95 (1.3) (4.55) (7.8) (11.05) (14.3) 
14 1.40 (2.1) (5.60) (9.1) (12.60) (16.1) 
15 0.75 (3.0) (6.75) (10.5) (14.25) (18.0) 
16-20 0.00 (4.0) (8.00) (12.0) (16.00) (20.0) 

23Net gains (losses) are computed assuming that a given subject meets his budget. 
The loss from consumption would be greater whenever a subject underachieves his 
budget and bears the variance penalty. 
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Chapter 4. Results and Data Analysis. 

4.1. Overview. 

The results and data analysis are organized as follows. First, a description 

of the misrepresentation measures and hypotheses tests is presented. The 

consumption measures and hypotheses tests are described in the third section. 

Latter subsections present analyses regarding output and input slack, 

misrepresentation and consumption loss, subject payoffs, and questionnaire 

responses. The chapter concludes with a discussion of results. 

4.2. Misrepresentation. 

This section first presents a description of the three dependent measures 

used to examine misrepresentation. Next, descriptive analyses and hypotheses tests 

are presented for each experimental incentive scheme. Analyses of results within 

each group focus on main effects both between order (on the risk-preference 

dimension) and collapsed across consumption. Next, comparisons across and 
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between incentive scheme groups are presented. Additional analyses indicating 

trends in the misrepresentation data are presented. The section concludes with a 

brief discussion of misrepresentation results. 

4.2.1. Measures. 

As noted in the previous chapter, three dependent variables are used to 

measure misrepresentation. Signed misrepresentation (SM) is the difference 

between the PPR and EPR for a given subject. SM measures the direction of 

misrepresentation each period, or whether a subject over- or understated his EPR. 

That is, if SM is positive, an overstatement has occurred. Negative SM indicates 

that an understatement has occurred. Given that subjects may have incentives to 

misstate in either direction, it is important to identify the direction of misstatement. 

SM can range from -1.5 to 1.5, depending on a subject's EPR. A subject who has 

an EPR of 2.5 (i.e.. has received a low state signal) can either understate by -0.5 

(by sending a PPR of 2.0) or -1.0 (by sending a PPR of 1.5); or, he can overstate 

by 0.5, 1.0, or 1.5 (by sending a PPR of 3.0, 3.5, or 4.0, respectively). Likewise, a 

subject who has an EPR of 3.0 can either understate by -0.5, -1.0, or -1.5; or, he 

can overstate by 0.5 or 1.0. 

Two additional measures are used to identify the overall magnitude of 

misstatement independent of the direction. Absolute misrepresentation (AM) is the 

absolute value of SM. The range for AM is 0.0 to 1.5. Relative misrepresentation 

(RM) is AM normalized by the maximum misstatement possible given either an 
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under- or overstatement of EPR. When a subject receives a low signal (EPR = 2.5) 

and understates (overstates), the maximum understatement (overstatement) which 

can occur is 1.0 (1.5). Likewise, when a subject receives a high signal (EPR = 3.0) 

and understates (overstates), the maximum understatement (overstatement) which 

can occur is 1.5 (1.0). Thus, RM can range from 0% to 100%. 

4.2.2. Groves Groups. 

4.2.2.a. Period Effects. 

To test for period effects, a Friedman two-way analysis of variance by ranks 

was conducted. The Friedman two-way analysis of variance tests the null 

hypothesis that k matched samples have been drawn from the same population. 

Here, a two-way table is constructed having one row, representing each Groves 

experimental group, and ten columns, representing the ten periods for each 

experimental risk treatment. For each Groves group, four Friedman tests were run 

for each misrepresentation variable. First, for those subjects who received the risk-

preference manipulations in the AB order, tests were run for SM-rn, AM-m, and 

RM-rn, which measure misrepresentation for each of ten risk-neutral treatment 

periods. Separate tests were run for SM-rn, AM-rn, and RM-rn for those subjects 

who received the risk-preference manipulations in the BA order. Second, tests were 

run for SM-ra, AM-ra, and RM-ra, which measure misrepresentation for each of ten 

risk-averse treatment periods, for both the AB-order and the BA-order groups. 
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None of the misrepresentation measures varied significantly (p = 0.05) over 

periods by order for any of the Groves experimental groups (see Tables 14 and 15). 

Consequently, these misrepresentation measures were averaged over periods on a 

within-subject, within-order basis, resulting in 12 observations on each variable for 

each Groves group by order. 

4.2.2.b. Order Effects. 

A Wilcoxon rank-sum test for independent samples was conducted to check 

for order effects within each Groves group using the average misrepresentation 

measures as computed in the previous section. That is, within each of the two 

Groves cells, the Wilcoxon analysis compared SM-rn, SM-ra, AM-rn, AM-ra, RM-

rn, and RM-ra between the AB-BA risk-preference treatment groups. 

Table 16 presents the Wilcoxon test results for no resource consumption and 

resource consumption groups, respectively. There appears to be a strong order 

effect for the Groves resource-consumption group. For Groves under resource 

consumption, all three measures which use risk-neutral treatment periods (i.e.. SM-

rn, AM-rn, and RM-rn), differ significantly between the two risk-preference orders. 

Specifically, ranks are (roughly) two times as high for these measures for order BA 

than for order AB.24 A close examination of the underlying communication 

distributions for the two order groups indicates that subjects who were in the BA-

MFor SM-rn: Rank(AB) = 7.7, Rank(BA) = 17.3. For AM-rn: Rank(AB) = 8.9, 
Rank(BA) = 16.1. For RM-rn: Rank(AB) = 8.9, Rank(BA) = 16.1. 
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Table 14. Friedman Two-Way Analysis of Variance: 
Misrepresentation Across Periods by Order, 

No Resource Consumption Groups. 
(X2, p) 

Groves Firm-profit Unit-profit + 

SM-rn 
(AB) 
(BA) 

5.1, 
6.2, 

. 82  

. 73  
11.2, .21 

6 .3 ,  . 71  
9 .3 ,  . 41  
2 .2 ,  . 99  

SM-ra 
(AB) 
(BA) 

9 .0 ,  
7 .0 ,  

. 44  

.64  
6 .4 ,  . 70  
7 .2 ,  . 61  

4 .8 ,  . 85  
3 .1 ,  . 96  

AM-rn 
(AB) 
(BA) 

10 .1 ,  . 34  
14.1, .12 

6 .1 ,  . 73  
6 .1 ,  . 73  

9 .5 ,  . 40  
12 .5 ,  . 19  

AM-ra 
(AB) 
(BA) 

7 .1 ,  
10.2, 

. 63  

.34  
3 .7 ,  . 93  
5 .3 ,  . 81  

2 .4 ,  
3 .2 ,  

. 98  

.96  

RM-rn 
(AB) 
(BA) 

9 .2 ,  . 42  
11 .7 ,  . 23  

7 .4 ,  
4 .7 ,  

,60 
, 8 6  

9 .1 ,  
11.2, 

, 43  
,27  

RM-ra 
(AB) 
(BA) 

7 .7 ,  
9 .9 ,  

. 57  

.36  
6.1, 
6.1, 

. 73  

.74  
3 .3 ,  
3 .5 ,  

,95  
.94  
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Table 15. Friedman Two-Way Analysis of Variance: 
Misrepresentation Across Periods by Order, 

Resource Consumption Groups. 
(X2, p) 

Groves Firm-profit Unit-profit + 

SM-rn 
(AB) 
(BA) 

8.0, 
12.2, 

.53 
.20  

8.0, .54 
6.4, .70 

9.1, 
5.1, 

.43 
.82 

SM-ra 
(AB) 
(BA) 

5.6, 
10.4, 

.78 

.31 
6.2, .72 
7.8, .55 

3.4, .95 
10.1, .34 

AM-ra 
(AB) 
(BA) 

3.8, 
7.9, 

.93 

.55 
6.5, .69 
3.1, .96 

6.8, .66 
2.3, .99 

AM-ra 
(AB) 
(BA) 

6.0, .74 
12.8, .17 

7.4, 
18.8, 
10.6, 

. 6 0  
.03* 
.22 

7.6, .58 
9.3, .41 

RM-rn 
(AB) 
(BA) 

3.6, .94 
5.0, .84 

5.2, 
3.4, 

. 8 2  

.95 
6.9, 
6 . 6 ,  

.65 

.68 

RM-ra 
(AB) 
(BA) 

9.5, .39 
15.7, .07 

6.8, 
21.7, 
12.1, 

. 6 6  
.01* 
.15 

6.4, 
9.7, 

.71 
,38 



124 

Table 16. Wilcoxon Rank-Sum Analysis: 
Average Misrepresentation Within Groups by Order, 

(z, p) 

No Resource Consumption Groups 

Groves 

SM-rn 0.23, .82 

SM-ra 0.75, .45 

AM-rn 1.07, .28 

AM-ra 1.04, .30 

RM-rn 0.87, .39 

RM-ra 0.38, .71 

Groves 

SM-rn 3.32, .001* 

SM-ra 2.31, .02* 

AM-rn 2.53, .01* 

AM-ra 0.75, .45 

RM-rn 2.49, .01* 

RM-ra 1.21, .23 

Firm-profit 

1.05, .29 

0.70, .49 

1.39, .16 

0.35, .73 

0.87, .39 

0.40, .69 

Unit-profit + 

1.77, .08 

0.29, .77 

0.09, .93 

0.15, .88 

0.72, .47 

0.23, .82 

Resource Consumption Groups 

Firm-profit Unit-profit + 

1.13, .26 

0.12, .91 

1.02, .31 

0.32, .75 

0.81, .42 

0.09, .93 

3.22, .001* 

0.29, .77 

0.61, .54 

1.04, .30 

0.78, .44 

1.10, .27 



order group overstated 78% of the time (94 PPRs out of 120 possible), told the 

truth 16% of the time, and understated only 6% of the time given risk neutrality. 

Further, three subjects overstated maximally 100% of the time. By contrast, the 

AB-order group overstated 30% of the time, told the truth 33% of the time, and 

understated 37% of the time given risk neutrality. 

4.2.2.C. Descriptives. 

Given that the data in this study are represented by ordinal measures 

(subject responses can be, at best, ranked only in a relative sense), it is 

inappropriate to make comparisons among means (standard deviations) across 

misrepresentation measures. More appropriate descriptive statistics would involve 

examination of the median responses within groups. The median (interquartile 

range) for all six average misrepresentation measures for the Groves groups are 

presented in Table 17. Table 18 shows correlations between the three measures by 

each risk treatment within each group. For the no consumption groups, AM and 

RM are highly correlated with one another. However, contrary to expectations, no 

significant association between SM and either of the other two measures exists. 

For the consumption groups, all measures by risk factor are highly correlated. 

4.2.2.d. Hypotheses Tests. 

For the Groves group, HI a predicted that subjects acting as unit managers 

would misrepresent expected ROI more under risk aversion than risk neutrality. 

Given the existence of a significant order effect for the Groves group under 
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Table 17. Average Misrepresentation Measures. 
Median (interquartile range) 

No Resource Consumption Groups 

Groves 

SM-rn 0 ( -.15, .13) • o
 

00
 

-.03, .20) 1 • o
 

00
 s 

*
 

0
 

CN • 1 .13) 

SM-ra .13 ( -.09, .44) 0 ( -.31, .26) 0 ( -.50, 0) 

AM-rn .45 ( .35, .69) .45 ( .31, .55) .30 ( .20, .35) 

AM-ra .53 ( .30, .64) .40 ( .30, .50) .35 ( .25, .44) 

RM-rn .39 ( .27, .56) .38 ( .27, .48) .25 ( .19, .31) 

RM-ra .45 ( .29, .51) .36 ( .25, .46) .32 ( .22, .38) 

Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

SM-rn .25 (-.10, .70) .15 (-.19, .35) .08 (-.14, .15) 

SM-ra .45 (-.01, .69) .18 ( .01, .50) 0 (-.19, .19) 

AM-rn .55 ( .35, .70) .43 ( .30, .63) .33 ( .21, .55) 

AM-ra .58 ( .45, .81) .45 ( .31, .69) .35 ( .25, .54) 

RM-rn .49 ( .30, .58) .38 ( .30, .52) .29 ( .20, .44) 

KM-ra .47 ( .38, .65) .43 ( .30, .55) .32 ( .19, .46) 
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Table 18. Spearman-rank Correlation Coefficients: 
Average Misrepresentation Measures. 

(r, p) 

No Resource Consumption Groups 

Groves Firm-profit Unit-profIt + 

SM with AM (rn) .107, .62 

SM with RM (rn) .130, .55 

-.269, .20 

-.345, .10 

SM with AM (ra) .264, .21 

SM with RM (ra) .251, .24 

.131, .54 

.125, .56 

-.227, .29 

.243, .25 

AM with RM (rn) .988, <.001* .977, <.001* .968, <.001* 

AM with RM (ra) .949, <.001* .951, <.001* 

.065, .76 

.080, .71 

.976, <.001* 

Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

SM with AM (rn) .625, .001* 

SM with RM (rn) .585, .003" 

AM with RM (rn) .987, <.001* 

SM with AM (ra) .700, <.001* 

SM with RM (ra) .774, <.001* 

AM with RM (ra) .941, <.001* 

.525, .008* 

.510, .01 * 

.983, <.001* 

.499, .01 * 

.549, .01 * 

.975, .001* 

.144, .50 

.102, .64 

.988, <.001* 

-.175, .41 

.100, .65 

.981, <.001* 
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resource consumption, a decision was made to conduct hypotheses tests for 

misrepresentation under the Groves incentive scheme in several ways. First, an 

overall Wilcoxon matched-pairs test using the Groves groups collapsed across both 

the order and consumption dimensions was conducted. Pooling across order and 

consumption resulted in 48 observations for each misrepresentation measure. Table 

19 presents the results from the overall test for the Groves group. As can be seen, 

none of the measures are significant, although SM shows a marginal effect. 

Next, two Wilcoxon matched-pairs tests were run which used the Groves 

groups collapsed across the consumption dimension but not order. Pooling across 

consumption groups resulted in 24 observations for each misrepresentation measure. 

Regardless of order, Table 19 indicates a lack of significance on all measures. 

Finally, two Wilcoxon matched-pairs tests were run which used the Groves groups 

collapsed across order but not consumption. Pooling across order yielded 24 

observations for each misrepresentation measure. For the Groves, no consumption 

group, there was a significant difference for SM (z = 2.01, p = .04). However, no 

significant differences (p = .05) were found for the other two misrepresentation 

measures. 

As stated, the above tests used misrepresentation measures averaged over 

periods on a within-subject, within-order basis. Given the lack of significance 

found using these summary measures, a decision was made to run further tests to 

examine differences between risk treatments on a period-by-period basis. For the 
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Table 19. Wilcoxon Matched-pairs Signed-ranks Test: 
Misrepresentation Hypotheses Hla, Hlb, and Hlc. 

(z.p) 

Across Resource Consumption and Order Groups 

Groves Firm-profit Unit-profit + 

SM 1.63, .10 *
 

o
 • 
o
 .69 0.34, .74 

AM 0.04, .97 0.55, .58 1.20, .23 

RM 0.30, .77 0.58, .56 1.22, .22 

Across Resource Consumption Groups Bv Order 

Groves Firm-profit Unit-profit + 

SM 
<AB) 
(BA) 

1.05, 
1.30, 

.29 

.19 
0.54, 
0.11, 

.59 

.92 
0.94, 
0.49, 

.35 

.63 

AM 
(AB) 
(BA) 

1.22, 
1.30, 

.22 

.19 
0.02, 
0.73, 

.99 

.47 
0.71, 
0.97, 

.48 

.33 

RM 
(AB) 
(BA) 

1.13, 
1.08, 

.24 

.41 
0.32, 
1.16, 

.75 

.25 
0.39, 
1.25, 

.70 

.21 

Across Order Bv Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

SM 
No Cons. 2.01, .04* 0.47, .64 0.40, .69 
Cons. 0.50, .61 0.94, .35 0.05, .96 

AM 
No Cons. 0.59, .56 1.07, .28 1.36, .17 
Cons. 0.42, .67 0.50, .62 0.31, .76 

RM 
No Cons. 0.71, .48 1.37, .17 1.53, .13 
Cons. 0.76, .45 0.51, .61 0.16, .87 
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Groves, no consumption group, there was a significant difference (p = .05) for SM 

in the fourth, eighth, and tenth periods. AM was significant in the third period 

only, while RM was not significant in any period. For the Groves, consumption 

group, SM was not significant in any period. However, AM was significant in the 

first and fifth periods, while RM was significant in the first, second, and sixth 

periods. Thus, it appears that even on a period-by-period basis, risk preference 

does not have a strong effect. 

These results do not support HI a. That is, misrepresentation does not 

appear to increase with risk aversion as compared to risk neutrality under the 

Groves incentive scheme used in the experiment. 

4.2.3. Firm-Profit Sharing Groups. 

4.2.3.a. Period Effects. 

To test for period effects, a Friedman two-way analysis of variance by ranks 

was conducted. For each firm-profit-sharing group, four Friedman tests were run 

for each misrepresentation variable. First, for those subjects who received the risk-

preference manipulations in the AB order, tests were run for SM-rn, AM-rn, and 

RM-rn, which measure misrepresentation for each of ten risk-neutral treatment 

periods. Separate tests were run for SM-rn, AM-rn, and RM-rn for those subjects 

who received the risk-preference manipulations in the BA order. Second, tests were 

run for SM-ra, AM-ra, and RM-ra, which measure misrepresentation for each of ten 

risk-averse treatment periods, for both the AB-order and the BA-order groups. 
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For firm-profit-sharing, none of the misrepresentation measures varied 

significantly (p = 0.05) over periods by order for the no resource consumption 

groups (see Table 14). Consequently, the misrepresentation measures were 

averaged over periods on a within-subject, within-order basis, resulting in 12 

observations on each variable for each firm-profit-sharing group by order under no 

resource consumption. 

However, Table 15 shows that for the firm-profit-sharing group with 

resource consumption for order BA, both AM-ra and RM-ra varied significantly 

over periods [(X2 = 18.8, p = 0.03) and (X2 = 21.7, p = 0.01), respectively]. 

Omitting the observations for period 1 from the risk-averse treatment data for these 

two measures led to insignificant differences over the remaining nine periods in 

each case. Accordingly, these two measures were averaged over the remaining nine 

periods on a within-subject, within-order basis, resulting in 12 observations on each 

variable. 

4.2.3.b. Order Effects. 

A Wilcoxon rank-sum test for independent samples was conducted to check 

for order effects within each firm-profit-sharing group using the average 

misrepresentation measures as computed in the previous section. That is, within 

each of the two firm-profit-sharing cells, the Wilcoxon analysis compared SM-rn, 

SM-ra, AM-rn, AM-ra, RM-rn, and RM-ra between the AB-BA risk-preference 

treatment groups. 
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Table 16 presents the Wilcoxon test results for no resource consumption and 

resource consumption groups, respectively. There appears to be no order effects for 

the firm-profit-sharing groups on any of the misrepresentation measures. 

4.2.3.C. Descriptives. 

The median (interquartile range) for all six average misrepresentation 

measures for the firm-profit-sharing groups are presented in Table 17. Table 18 

shows correlations between the three measures associated with each risk treatment 

within each group. For the no consumption groups, AM and RM are highly 

correlated with one another. However, contrary to expectations, no significant 

association between SM and either of the other two measures exists. Presumably, a 

lack of correlation exists because the direction of subjects' misstatements are 

reflected in SM but not in either AM or RM. For the consumption groups, all 

measures by risk factor are highly correlated. 

4.2.3.d. Hypotheses Tests. 

For the firm-profit-sharing group, Hlb predicted that subjects acting as unit 

managers would misrepresent expected ROI more under risk aversion than risk 

neutrality. Given that no significant order effects exist for the firm-profit-sharing 

groups, a decision was made to conduct hypotheses tests for misrepresentation 

under the firm-profit-sharing incentive scheme in two ways. First, an overall 

Wilcoxon matched-pairs test using the firm-profit-sharing groups collapsed across 

both the order and consumption dimensions was conducted. Pooling across order 
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and consumption resulted in 48 observations for each misrepresentation measure. 

Table 19 presents the results from the overall test for the firm-profit-sharing group. 

As can be seen, none of the measures are significant. 

Next, two Wilcoxon matched-pairs tests were run which used the firm-

profit-sharing groups collapsed across order but not consumption. Pooling across 

order yielded 24 observations for each misrepresentation measure. No significant 

differences (p = .05) were found for any of the misrepresentation measures. 

Finally, as a supplement to the main hypotheses tests, two Wilcoxon 

matched-pairs tests were run which used the firm-profit-sharing groups collapsed 

across the consumption dimension but not order. Pooling across consumption 

groups resulted in 24 observations for each misrepresentation measure. Regardless 

of order, Table 19 indicates a lack of significance on all measures. 

As stated, the above tests used misrepresentation measures averaged over 

periods on a within-subject, within-order basis. A decision was made to run further 

tests to examine differences between risk treatments on a period-by-period basis. 

For the firm-profit-sharing, no consumption group, none of the period-by-period 

comparisons were significant for any of the misrepresentation measures. For the 

firm-profit-sharing, consumption group, SM was not significant in any period. 

However, both AM and RM were significantly different (p = .05) in the first period 

only. Thus, on a period-by-period basis, risk preference does not have a strong 

effect. 
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These results do not support Hlb. That is, misrepresentation does not 

appear to increase with risk aversion as compared to risk neutrality under the firm-

profit-sharing incentive scheme used in the experiment. 

4.2.4. Unit-Profit + Penalty Groups. 

4.2.4.a. Period Effects. 

To test for period effects, a Friedman two-way analysis of variance by ranks 

was conducted. For each unit-profit + penalty group, four Friedman tests were run 

for each misrepresentation variable. First, for those subjects who received the risk-

preference manipulations in the AB order, tests were run for SM-rn, AM-rn, and 

RM-rn, which measure misrepresentation for each of ten risk-neutral treatment 

periods. Separate tests were run for SM-rn, AM-rn, and RM-rn for those subjects 

who received the risk-preference manipulations in the BA order. Second, tests were 

run for SM-ra, AM-ra, and RM-ra, which measure misrepresentation for each of ten 

risk-averse treatment periods, for both the AB-order and the BA-order groups. 

For the unit-profit + penalty scheme, none of the misrepresentation measures 

varied significantly (p = 0.05) over periods by order for any group (see Tables 14 

and 15). Consequently, the misrepresentation measures were averaged over periods 

on a within-subject, within-order basis, resulting in 12 observations on each variable 

for each unit-profit + penalty group by order. 
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4.2.4.b. Order Effects. 

A Wilcoxon rank-sum test for independent samples was conducted to check 

for order effects within each unit-profit + penalty group using the average 

misrepresentation measures as computed in the previous section. That is, within 

each of the two unit-profit + penalty cells, the Wilcoxon analysis compared SM-rn, 

SM-ra, AM-rn, AM-ra, RM-rn, and RM-ra between the AB-BA risk-preference 

treatment groups. 

Table 16 presents the Wilcoxon test results for no resource consumption and 

resource consumption groups, respectively. There appears to be no order effects for 

the unit-profit + penalty groups on any of the misrepresentation measures under no 

resource consumption. However, SM-rn under resource consumption indicates a 

highly significant effect for order. 

4.2.4.C. Descriptives. 

The median (interquartile range) for all six average misrepresentation 

measures for the unit-profit + penalty groups are presented in Table 17. Table 18 

shows correlations between the three measures associated with each risk treatment 

within each group. For both no consumption and consumption groups, AM and 

RM are highly correlated with one another. However, contrary to expectations, no 

significant association between SM and either of the other two measures exists. 
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4.2.4.d. Hypotheses Tests. 

For the unit-profit + penalty group, Hlc predicted that subjects acting as 

unit managers would understate expected ROI more under risk aversion than risk 

neutrality. Given that a significant order effect exists for the unit-profit + penalty 

group on one measure only (SM-rn given resource consumption), a decision was 

made to conduct hypotheses tests for misrepresentation under the unit-profit + 

penalty incentive scheme in two ways. First, an overall Wilcoxon matched-pairs 

test using the unit-profit + penalty groups collapsed across both the order and 

consumption dimensions was conducted. Pooling across order and consumption 

resulted in 48 observations for each misrepresentation measure. Table 19 presents 

the results from the overall test for the unit-profit + penalty group. As can be seen, 

none of the measures are significant. 

Next, two Wilcoxon matched-pairs tests were run which used the unit-profit 

+ penalty groups collapsed across order but not consumption. Pooling across order 

yielded 24 observations for each misrepresentation measure. No significant 

differences (p = .05) were found for any of the misrepresentation measures. 

Finally, as a supplement to the main hypotheses tests, two Wilcoxon 

matched-pairs tests were run which used the unit-profit + penalty groups collapsed 

across the consumption dimension but not order. Pooling across consumption 

groups resulted in 24 observations for each misrepresentation measure. Regardless 

of order, Table 19 indicates a lack of significance on all measures. 
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As stated, the above tests used misrepresentation measures averaged over 

periods on a within-subject, within-order basis. Given the lack of significance 

found using these summary measures, a decision was made to run further tests to 

examine differences between risk treatments on a period-by-period basis. For the 

unit-profit + penalty, no consumption group, SM was significantly different (p = 

.05) in the fifth and seventh periods. Neither AM nor RM was significant in any 

period. For the unit-profit + penalty, consumption group, none of the 

misrepresentation measures were significant. Thus, it appears that even on a 

period-by-period basis, risk preference does not have a strong effect. 

These results do not support Hlc. That is, understatement and 

misrepresentation do not appear to increase with risk aversion as compared to risk 

neutrality under the unit-profit + penalty incentive scheme used in the experiment. 

4.2.5. Supplementary Analyses. 

4.2.5.a. Communication Distributions. 

To supplement these analyses, the distribution of truthful communications, 

understatements, and overstatements was compared over the risk factor within each 

group. Table 20 shows the distribution of understatements, truthful communication, 

and overstatements for each of the risk treatments within schemes. Only the 

distribution for the Groves, no resource consumption group, differed significantly 

(X2 = 6.33, p = .04), lending further support for HI a. 
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Table 20. Communication Distributions Within Groups. 

No Reaource Consumption Groups 

Groves Firm-profit Unit-profit + 

RN RA RN RA RN RA 

Truthful 
Communications 79 71 80 84 120 100 

Overs tatement s 78 104 90 91 49 52 

Understatements 83 65 70 65 71 88 

(X2, p) (6.33, .04)* (0.29, CO
 

(3.72, .16) 

Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

RN RA RN RA RN RA 

Truthful 
Communications 59 49 70 63 90 92 

Overs tatement s 130 148 104 126 67 71 

Understatements 51 43 66 51 83 77 

(Xa, p) (2.77, .26) (4.40, .11) (0.36, .84) 
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An examination of the distributions for both Groves groups shows that 

subjects overstated more under risk aversion than risk neutrality, but not enough to 

be significant regarding absolute and relative misrepresentation measures because a 

large portion of the shift was due to a change from under- to overstatement. 

Accordingly, there was not much shift in these two underlying misrepresentation 

measures across risk treatments. However, for the no resource consumption Groves 

group, the shift from under- to overstatement was significant enough to show a 

main effect for risk preference. That is, both the Wilcoxon matched-pairs test for 

SM and the X2 test for communication distribution are significant. 

A similar examination of the firm-profit-sharing groups indicates a shift to 

less misrepresentation given no resource consumption. Given consumption, subjects 

appear to have shifted from under- to overstatement in going from risk neutrality to 

risk aversion. Therefore, both groups would show little difference in absolute and 

relative misrepresentation measures across the two treatments, despite the apparent 

trend. These observations provide modest support for Hlb. Finally, in the unit-

profit + penalty groups, there appears to be a trend towards more understatement in 

the risk-averse condition and no resource consumption, lending weak support to 

Hlc. However, given resource consumption, relatively little change occurs in 

message-sending strategies across the two risk treatments. 
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4.2.5.b. Misrepresentation Across Groups. 

Although specific hypotheses do not address misrepresentation differences 

among incentive scheme groups, such a comparison would be informative. 

Accordingly, a Kruskal-Wallis analysis of variance by ranks was conducted to 

determine whether there was a significant difference in misrepresentation across the 

six experimental groups. A strong effect was found across groups for all six 

measures, supporting the conclusion that the Groves, firm-profit-sharing, and unit-

profit + penalty schemes lead to different message-sending strategies (see Table 

21). 

4.2.5.C. Misrepresentation Between Groups. 

A series of Wilcoxon rank-sum tests examined misrepresentation differences 

between selected schemes. First, an examination of between-group differences for 

the three schemes across the consumption condition indicates that most measures 

were not significantly different with the following exceptions. For the Groves 

groups, significant differences were found for both SM-rn (z = 2.06, p = .04) and 

SM-ra (z = 1.99, p = .05). A significant difference was found between the firm-

profit-sharing groups for SM-ra (z = 1.96, p = .05). Although Table 22 also 

indicates that differences for selected measures are marginally significant within the 

three schemes, these results tend to support the prediction that communication 

strategies do not change when subjects have the opportunity to consume allocated 

resources. 



Table 21. Kruskal-Wallis One-Way Analysis of Variance by Ranks: 
Misrepresentation Across All Groups. 

S5l-rn 

SM-ra 

AM-rn 

AM-ra 

RM-rn 

RM-ra 

Chi-
Sauare 

12.78 

22.79 

19.84 

18.73 

22.42 

20.95 

E 

. 026*  

<.001* 

.001* 

.002* 

<.001* 

<.001* 
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Table 22. Wilcoxon Rank-Sum Analysis Between Groups: 
Misrepresentation Across Consumption Conditions, 

(z. P) 

Groves Firm-profit Unit-profit + 

SM-rn 2 .06 ,  . 04*  0 .68 ,  . 50  0 .72 ,  . 47  

SM-ra 1 .99 ,  . 05*  1 .96 ,  . 05*  1 .04 ,  . 30  

AM-rn 0 .70 ,  . 48  0 .43 ,  . 66  1 .71 ,  . 09  

AM-ra 1 .46 ,  . 15  1 .57 ,  . 12  0 .78 ,  . 44  

RM-rn 0 .87 ,  . 39  0 .33 ,  . 74  1 .59 ,  . 11  

RM-ra 1 .37 ,  . 17  1 .88 ,  . 06  0 .56 ,  . 58  
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Between-group differences were examined also within each consumption 

condition. Table 23 shows that the majority of misrepresentation measures differed 

significantly between the Groves and unit-profit + penalty schemes in both 

consumption and no consumption groups. Differences between the firm-profit-

sharing and unit-profit + penalty, though less significant, support the prediction that 

these two schemes lead subjects to different communication strategies. None of the 

measures were significant on the comparisons between the Groves and firm-profit-

sharing groups. 

4.2.6. Summary. 

Generally speaking, the above results do not lend support to HI a, HIb, or 

Hlc. That is, misrepresentation does not appear to increase with risk aversion as 

compared to risk neutrality under any of the three incentive schemes. 

The strongest support for a difference between risk treatments was found 

within the Groves, no resource consumption group. Both a Wilcoxon matched-pairs 

test (collapsed across order) for SM and a X2 test for communication distributions 

between risk-treatment groups were significant. That is, there appears to be a trend 

towards greater overstatement under risk aversion as compared to risk neutrality. 

Weak support could be due to the moderately-concave risk-averse function induced 

in the experiment, together with relatively small magnitudes or differences among 

theoretical predictions. Weak trends towards greater misstatement under risk 
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Table 23. Wilcoxon Rank-Sum Analysis Between Groups: 
Misrepresentation Within Consumption Conditions. 

(z. P) 

No Resource Consumption Groups 

Groves vs. Groves vs. Firm-profit vs. 
Firm-profit Pnit-profit + Unit-profit + 

SM-rn 1.60, .11 0.83, .41 2.06, .04* 

SM-ra 1.06, .29 2.38, .02* 1.63, .10 

AM-rn 0.72, .48 3.25, .001* 3.06, .002* 

AM-ra 1.38, .17 2.13, .03* 1.52, .13 

RM-m 0.53, .60 3.24, .001* 3.25, .001* 

RM-ra 1.31, .19 2.43, .02* 1.46, .15 

Resource Consumption Groups 

Groves vs. Groves vs. Firm-profit vs. 
Firm-profit Unit-profit + Unit-profit + 

SM-rn 1.13, .26 2.25, .02* 1.50, .13 

SM-ra 1.15, .25 3.14, .002* 2.34, .02* 

AM-rn 0.90, .37 2.05, .04* 1.44, .15 

AM-ra 0.99, .32 2.83, .01* 1.63, .10 

RM-rn 1.07, .28 2.39, .02* 1.80, .07 

RM-ra 0.67, .50 3.17, .002* 2.05, .04* 
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aversion were also observed for both the firm-profit-sharing and unit-profit + 

penalty groups. 

4.3. Consumption. 

This section first presents a brief description of the two dependent measures 

used to examine consumption. Then, descriptive analyses and hypotheses tests are 

presented for consumption effects across and between incentive schemes, within 

risk-treatment conditions. Additionally, results are presented examining 

comparisons across and between incentive schemes collapsed across risk-treatment 

conditions. Second, hypotheses tests are conducted within incentive scheme groups 

to measure any interaction effects between risk preferences and consumption. The 

section concludes with a brief discussion of consumption results. 

4.3.1. Measures. 

Two dependent variables are used to measure consumption. Actual 

consumption (AC) is the difference between the subject's resource allocation and 

his invested resources. AC can range from 0 to 90, and is bounded by the number 

of resources allocated to a given subject. Relative consumption (RC) is AC 

normalized by the subject's resource allocation for the current period. Therefore, 

RC can range from 0% to 100%. 

4.3.2. Period Effects. 

To test for period effects, a Friedman two-way analysis of variance by ranks 

was conducted. For each experimental group, four Friedman tests were run for 
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each consumption variable. First, for those subjects who received the risk-

preference manipulations in the AB order, tests were run for AC-rn and RC-rn, 

which measure consumption for each of ten risk-neutral treatment periods. Separate 

tests were run for AC-rn and RC-rn for those subjects who received the risk-

preference manipulations in the BA order. Second, tests were run for AC-ra and 

RC-ra, which measure consumption for each of ten risk-averse treatment periods, 

for both the AB-order and the BA-order groups. 

Neither of the consumption measures varied significantly (p = 0.05) over 

rounds by order for any of the three experimental groups (see Table 24). 

Consequently, these consumption measures were averaged over periods on a within-

subject, within-order basis, resulting in 12 observations on each variable for each 

incentive group by order. 

4.3.3. Order Effects. 

A Wilcoxon rank-sum test for independent samples was conducted to check 

for order effects within each group using the average consumption measures as 

computed in the previous section. That is, within each of the three incentive-

scheme cells, the Wilcoxon analysis compared AC-rn, AC-ra, RC-rn, and RC-ra 

between the AB-BA risk-preference treatment groups. 

Table 25 presents the Wilcoxon test results for the three schemes. With the 

exception of the firm-profit-sharing group, there appears to be no order effect 

within any of the cells. For the firm-profit-sharing group, both measures which use 



Table 24. Friedman Two-Way Analysis of Variance: 
Consumption Across Periods by Order. 

(X2, p) 
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Groves Firm-profit Unit-profit + 

AC-rn 
(AB) 
(BA) 

2 . 0 ,  
4 .9 ,  

.99  

.84  
6.1, 
3 .0 ,  

.73  

.97  
4 .6 ,  
7 .9 ,  

.87 

.54  

AC-ra 
(AB) 
(BA) 

1.8, 
3 .7 ,  

.99  

.93  
2 .9 ,  .97  
5 .6 ,  .78  

5 .4 ,  
2 .4 ,  

. 80  

. 98  

RC-rn 
(AB) 
(BA) 

3 .5 ,  
10.0, 

. 94  

.35  
4 .5 ,  .88  
7 .1 ,  .63  

5 .8 ,  
5 .4 ,  

.76  

.79  

RC-ra 
(AB) 
(BA) 

10.1, 
6 .7 ,  

.34  

.67  
4 .9 ,  
7 .7 ,  

,84  
,56  

7 .4 ,  
8 . 2 ,  

. 6 0  
, 51  
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AC-rn 

AC-ra 

RC-rn 

RC-ra 

Table 25. Wilcoxon Rank-Sum Analysis: 
Average Consumption Within Groups by Order, 

(z, p) 

Groves Firm-profit Unit-profit + 

0 .46 ,  .64  2 .11 ,  .04*  0 .75 ,  .45  

1 .79 ,  .07  0 .46 ,  .64  0 .14 ,  .89  

0 .98 ,  .33  1 .99 ,  .05*  1 .04 ,  .30  

1 .82 ,  .07  0 .00 ,  .99  0 .69 ,  .49  
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risk-neutral treatment periods (i.e., AC-rn and RC-rn), differ significantly between 

the two risk-preference orders (p = .05). 

4.3.4. Descriptives. 

The median (interquartile range) for all four average consumption measures 

are presented in Table 26. Within each group, the three measures associated with 

each risk treatment are highly correlated (see Table 27). 

4.3.5. Hypotheses Tests: Differences Between Groups. 

4.3.5.a. Consumption Across Groups. 

Prior to conducting any pairwise comparisons testing the significance of 

consumption differences between schemes, it must be determined whether or not 

there is an overall significant difference among all three incentive scheme groups. 

A Kruskal-Wallis one-way analysis of variance by ranks was conducted to 

determine whether there was a significant effect for consumption across the three 

experimental groups. A significant difference was found across groups for AC-rn 

and RC-rn, a marginal difference for RC-ra, and a somewhat weaker effect for AC-

ra (see Table 28). An examination of these results indicates that a strong effect for 

incentive scheme is found under risk neutrality. The effect diminishes under risk 

aversion, thereby indicating that an interaction between risk preferences and 

consumption patterns exists. Despite the moderate showing on two of the 

measures, overall these results tend to support the conclusion that the Groves, firm-



Table 26. Average Consumption Measures. 
Median (interquartile range) 
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Grovas Firm-profit Unit-prof it + 

AC-rn 8.3 ( 4 , 13.3) 7.7 ( 0, 12 ) 3.4 ( 1.1, 5.8) 

AC-ra 14.5 (10.3, 28.9) 10.8 ( 9, 20.4) 10.2 ( 7.1, 18.9) 

RC-rn .21 (.07, .33) .19 (.10, .41) .08 (.20, .15) 

RC-ra .38 (.29, .53) .38 (.25, .50) .26 (.25, .40) 



Table 27. Spearman-rank Correlation Coefficients: 
Average Consumption Measures. 

(r, p) 

Groves Firm-profit Unit-profit 4-

AC with RC (rn) .81, <.001* .73, <.001* .90, <.001* 

AC with RC (ra) .81, <.001* .45, .03* .82, <.001* 



Table 28. Kruskal-Wallis One-Way Analysis of Variance by Ranks: 
Consumption Across All Groups. 

Within Risk Treatments 

Chi-
Scruare p 

AC-rn 9.81 .007* 

AC-ra 3.62 .163 

RC-rn 7.69 .021* 

RC-ra 5.10 .078 

Across Risk Treatments 

Ghi-
Scruare p 

AC 10.18 .006* 

RC 10.89 .004* 
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profit-sharing, and unit-profit + penalty schemes lead to different consumption 

patterns. 

A Kruskal-Wallis test which examined AC and RC collapsed across risk-

treatment conditions also indicates that highly significant differences exist among 

the three schemes for resource consumption. 

4.3.5.b. Consumption Between Groups. 

4.3.5.b.l. Groves vs. Unit-Profit + Penalty. 

For consumption, H2a predicted that subjects acting as unit managers would 

consume more resources under a Groves scheme than under a unit-profit + penalty 

scheme. A series of Wilcoxon rank-sum tests for independent samples examined 

between-group differences in consumption for these two schemes. First, a test was 

conducted examining the difference for each consumption variable by risk 

preference. Pooling across order resulted in 24 observations for each consumption 

measure. Table 29 shows that the majority of consumption measures differed 

significantly between the Groves and unit-profit + penalty schemes. However, 

comparisons involving the unit-profit + penalty scheme show weaker results using 

the measures from the risk-averse treatments. As indicated further below, the 

consumption-spread between the Groves and the unit-profit + penalty scheme 

diminished given risk aversion. 

An alternative test for H2a collapsed the risk dimension within each cell to 

focus on the main effects for the two incentive schemes. Collapsing across both 
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Table 29. Wilcoxon Rank-Sum Analysis Between Groups: 
Consumption Hypotheses H2a and H2b. 

(z. P) 

Groves vs. 
Firm-profit 

Across Order Effects 

Groves vs. 
Unit-profit + 

Firm-profit vs. 
Unit-profit + 

AC-rn 0.21, .84 2.65, .01" 2.75, .01* 

AC-ra 

RC-rn 

RC-ra 

1.11, .27 

0.34, .73 

0.42, .67 

1.75, .08 

2.32, .02* 

2.05, .04* 

1.07, .28 

2.44, .02* 

1.79, .07 

Groves vs. 
Firm-profit 

Within Order Effects 

Groves vs. 
Unit-profit + 

Firm-profit vs. 
Unit-profit + 

AC-rn 
(AB) 
(BA) 

AC-ra 
(AB) 
(BA) 

RC-rn 
(AB) 
(BA) 

RC-ra 
(AB) 
(BA) 

0.78, .44 
0.23, .82 

0.98, .33 
0.20, .84 

0.26, .80 
0.43, .67 

1.27, .20 
0.87, .39 

2.40, .02* 
1.39, .17 

2.28, .02* 
0.32, .75 

2.14, .03* 
1.16, .25 

2.77, .006* 
0.17, .86 

2.08, .04* 
1.62, .11 

0.98, .33 
0.40, .69 

1.85, .07 
1.62, .11 

1.67, .09 
0.64, .53 
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order and risk preference resulted in 48 observations for each consumption variable. 

For the Groves and unit-profit + penalty comparison, significant differences were 

found for AC (z = 2.58, p = .01) and RC (z = 2.93, p = .003). 

Although no order effect existed for either the Groves or the unit-profit + 

penalty groups, a decision was made to conduct hypotheses tests also using 

unpooled data. Not collapsing across order resulted in 12 observations for each 

consumption measure. Results for this comparison are also shown in Table 29. As 

can be seen, the measures which exhibit strong significance are those for order AB. 

That is, subjects in the unit-profit + penalty group appear to have consumed 

significantly less than those in the Groves group only when they received the risk-

neutral treatment first. The measures for order BA do not appear to be even 

marginally significant. 

As stated, the above tests used consumption measures averaged over 

periods on a within-subject, within-order basis. A decision was made to run further 

tests to examine differences between incentive groups on a period-by-period basis. 

AC was significant (p = .05) in periods two, three, five, and sixteen, and marginally 

significant (.06 < p < .10) in periods one, seven, eight, and nine. RC was 

significant in ten periods and marginally significant in two periods. These results 

corroborate the findings from tests using pooled data. 

These results generally support H2a. That is, consumption under the unit-

profit + penalty scheme is lower than under the Groves scheme used in the 
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experiment. However, there is evidence that the effect diminishes under risk 

aversion. Also, tests within risk-treatment order indicate that the difference may be 

less for subjects who receive the risk-averse treatment first. 

4.3.5.b.2. Firm-Profit vs. Unit-Profit + Penalty. 

For consumption, H2b predicted that subjects acting as unit managers would 

consume more resources under a firm-profit-sharing scheme than under a unit-profit 

+ penalty scheme. A series of Wilcoxon rank-sum tests for independent samples 

examined between-group differences in consumption for these two schemes. First, 

a test was conducted examining the difference for each consumption variable by 

risk preference. Pooling across order resulted in 24 observations for each 

consumption measure. Table 29 shows that the majority of consumption measures 

differed significantly between the Groves and unit-profit + penalty schemes. 

Differences between the firm-profit-sharing and unit-profit + penalty, though less 

significant than those reported above for the Groves scheme, also support the 

prediction that these two schemes lead subjects to different consumption strategies. 

However, comparisons again show weaker results using the measures from the risk-

averse treatments. As indicated further below, the consumption-spread between the 

firm-profit-sharing and the unit-profit + penalty scheme diminished given risk 

aversion. 

An alternative test for H2b collapsed the risk dimension within each cell to 

focus on the main effects for the two incentive schemes. Collapsing across both 
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order and risk preference resulted in 48 observations for each consumption variable. 

For the firm-profit sharing and unit-profit + penalty comparison, significant 

differences were found for AC (z = 2.87, p = .004) and RC (z = 2.74, p = .006). 

Given the existence of an order effect for the firm-profit-sharing group, a 

decision was made to conduct hypotheses tests also using unpooled data. Not 

collapsing across order resulted in 12 observations for each consumption measure. 

Results for this comparison are also shown in Table 29. As can be seen, the only 

measure which exhibits strong significance is AC-rn for order AB. A few of the 

other measures appear to be marginally significant. 

As stated, the above tests used consumption measures averaged over periods 

on a within-subject, within-order basis. A decision was made to run further tests to 

examine differences between incentive groups on a period-by-period basis. AC was 

significant (p = .05) in periods two and five, and marginally significant (.06 < p < 

.10) in periods seven, eight, and nine. RC was significant in eight periods and 

marginally significant in one period. For both AC and RC, fewer significant 

differences were found in the risk-averse treatment periods. These results 

corroborate the findings from tests using pooled data. 

These results provide mixed support for H2b. That is, consumption under 

the unit-profit + penalty scheme is lower overall than under the firm-profit-sharing 

scheme used in the experiment. However, there is evidence that the effect 
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diminishes under risk aversion. Also, tests within risk-treatment order indicate that 

the difference may be less for subjects who receive the risk-averse treatment first 

4.3.5.b.3. Groves vs. Firm Profit. 

Although no specific effects were hypothesized formally, Wilcoxon rank-

sum tests for independent samples were conducted to compare the Groves and firm-

profit-sharing schemes. None of the measures were significant on the comparisons 

between the Groves and firm-profit-sharing groups, using any of the groups of 

pooled or unpooled data, or using period-by-period comparisons. Thus, as 

predicted informally, there is no difference in consumption patterns between the 

Groves and firm-profit-sharing schemes. 

4.3.6. Hypotheses Tests: Differences Within Groups. 

4.3.6.a. Groves Group. 

For the Groves scheme, H3a predicted that subjects acting as unit managers 

would consume more resources under risk aversion as compared to risk neutrality. 

Wilcoxon matched-pairs tests of ranks were conducted within the Groves group to 

compare consumption measures on the risk-treatment variable. Significant 

differences were found for both measures across order (see Table 30). However, an 

insignificant effect was found for order BA. Further, 50% of the period-by-period 

comparisons for AC and 60% for RC were significant (p = .05). These results 

support H3a. That is, for the Groves group, resource consumption increases 
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Table 30. Wilcoxon Matched-pairs Signed-ranks Test: 
Consumption Hypotheses H3a, H3b, and H3c. 

(z» P) 

Groves 

Within Order 

Firm-profit Unit-profit + 

AC 
(AB) 
(BA) 

2 .98 ,  .003*  
0 .24 ,  .81  

2 .12 ,  .03*  
1 .26 ,  .21  

3 .06 ,  .002*  
2 .74 ,  .006*  

RC 
(AB) 
(BA) 

2 .90 ,  .004*  
0 .24 ,  .81*  

2 .04 ,  .04*  
1 .65 ,  .10  

3 .06 ,  .002*  
2 .59 ,  .01*  

Groves 

Across Order 

Firm-profit Unit-profit + 

AC 

RC 

2 .66 ,  .01*  

2 .46 ,  .01*  

2 .40 ,  .02*  

2 .69 ,  .01*  

4 .14 ,  < .001*  

4 .03 ,  < .001*  
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with risk aversion as compared to risk neutrality. The effect for risk preference is 

diminished when subjects receive the risk-averse treatment first. 

4.3.6.b. Firm-Profit-Sharing Group. 

For the firm-profit-sharing scheme, H3b predicted that subjects acting as 

unit managers would consume more resources under risk aversion as compared to 

risk neutrality. Wilcoxon matched-pairs tests of ranks were conducted within the 

firm-profit-sharing group to compare consumption measures on the risk-treatment 

variable. Significant differences were found for both measures across order (see 

Table 30). However, an insignificant effect was found for order BA. Further, 40% 

of the period-by-period comparisons for AC and 60% for RC were significant (p = 

.05). These results support H3b. That is, for the firm-profit-sharing group, 

resource consumption increases with risk aversion as compared to risk neutrality. 

The effect for risk preference is diminished when subjects receive the risk-averse 

treatment first. 

4.3.6.C. Unit-Profit + Penalty Group. 

For the unit-profit + penalty scheme, H3c predicted that subjects acting as 

unit managers would consume fewer resources under risk aversion as compared to 

risk neutrality. Wilcoxon matched-pairs tests of ranks were conducted within the 

firm-profit-sharing group to compare consumption measures on the risk-treatment 

variable. Significant differences were found for both measures, both across and 

within order (see Table 30). Further, 80% of the period-by-period comparisons for 
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both AC and RC were significant (p = .05). However, close examination shows 

that, although the difference in consumption between the unit-profit + penalty risk-

treatment groups is highly significant, the difference is in the direction opposite to 

that predicted. Contrary to expectations, the unit-profit + penalty group exhibits 

increased consumption with risk aversion as compared to risk neutrality. These 

results do not support H3c. 

4.3.7. Consumption Distributions. 

To supplement these analyses, a distribution of consumption was compared 

over the risk factor within each group. Table 31 shows consumption distributions 

for each of the risk treatments within schemes. The distributions for all groups 

differed significantly [Groves, (X2 = 37.1, p < .001); firm-profit-sharing, (X2 = 34.1, 

p < .001); and unit-profit + penalty, (X2 = 72.4, p < .001)], supporting the 

conclusions drawn from the hypotheses tests. Subjects consume more under risk 

aversion than under risk neutrality. 

As noted above, the results for the unit-profit + penalty group were contrary 

to expected. That is, subjects should have decreased, not increased, consumption 

under risk aversion. Table 13 in Chapter 3 indicates that a subject under risk 

neutrality should never consume more than eight units of allocated resource. In 

fact, subjects in the unit-profit + penalty group attempted to consume greater than 

eight resources 64 times (27%) during the risk neutral treatment periods. 

Presumably, these subjects were unable to make the optimal tradeoff between 



Table 31. Consumption Distributions Within Groups. 
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Groves Firm-profit Unit-profit + 
Resource 

Consumption RN RA RN RA RN RA 

0 72 28 76 31 134 48 

1-5 57 41 56 45 36 54 

6-10 37 47 43 68 36 50 

11-15 32 43 26 27 17 38 

>15 42 81 39 69 17 50 

(Xs, p) (37.1, <.001)* (34.1, <.001)* (72.4, <.001)* 
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investment and consumption. Under risk aversion, in the best case if a subject had 

perfect information, he should never consume more than 15 resources. Under risk 

aversion, subjects in the unit-profit + penalty group attempted to consume more 

than 15 resources 50 times (21%), a decrease in suboptimal tradeoffs given the best 

case. However, subjects were still unable to make optimal tradeoffs between 

investment and consumption at all levels as reflected by the increased amount of 

consumption under risk aversion. 

4.3.8. Summary. 

Generally speaking, the above results do lend support to H2a and H2b. That 

is, consumption does appear to be greater under both the Groves and firm-profit-

sharing schemes as compared with consumption under the unit-profit + penalty 

scheme. However, the magnitude of consumption differences appears to decrease 

with risk aversion as compared to risk neutrality. Further, the magnitude of the 

difference also appears to diminish for subjects who receive the risk-averse 

treatment prior to risk neutrality (i.e.. order BA). 

Strong support for a difference in consumption between risk treatments was 

found within all three incentive schemes. That is, within all three schemes, 

consumption appears to increase under risk aversion as compared to risk neutrality. 

Consumption distributions also show trends towards greater consumption under risk 

aversion as compared to risk neutrality. These results provide strong support for 

H3a and H3b. However, H3c was not supported. Contrary to predicted, subjects in 
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the unit-profit + penalty group showed an increase in consumption under risk 

aversion, rather than a decrease. 

Although not rational, subjects in the unit-profit + penalty group under risk 

aversion may have increased consumption due to task and feedback characteristics 

inherent in the experimental environment. To contend with increasingly difficult 

tasks and to increase the probability of winning when feedback indicates a low 

overall likelihood, a subject may respond with inconsistent and risky strategies that 

lead subsequendy to poor performance [Ashton, 1990]. Further, subjects may use 

"high-risk" decision strategies when experimental decision aids do not delineate 

clearly the strategies necessary for task success and when such strategies are 

difficult to identify. Here, the experimental task was difficult, especially under risk 

aversion; choice strategies which could increase a subject's probability of success 

were not obvious; and, subjects received incomplete outcome feedback which 

indicated that the likelihood of success was low. Thus, subjects may have 

responded with "overconsumption strategies," contrary to that predicted, and to the 

detriment of their overall task performance. 

4.4. Budgetary Slack. 

4.4.1. Output Slack. 

An examination of output slack (OS), the difference between a subject's ex 

ante optimal output and imputed budgeted output, supplemented the main analyses. 

Optimal output was calculated by determining the optimal resource allocation for a 
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given subject based on the signals he and his counterpart received prior to sending 

their messages to central management. The subject with the higher EPR should 

have received 90 resources, the one with the lower EPR should have received 10 

resources, and, in the event of a tie, each should have received 50 resources. Then, 

the optimal resource allocation was multiplied by a subject's EPR to derive ex ante 

optimal output. Imputed budgeted output was a subject's optimal resource 

allocation multiplied by his PPR. That is, imputed budgeted output represents what 

a given subject's output budget would have been had resources been allocated 

optimally. 

For each of the six experimental groups, OS was calculated on a per subject 

basis for each period. Within a risk treatment, there were 10 observations of OS 

for each subject. Each risk treatment within a group therefore comprised 24 

observations per period, or 240 observations per treatment. 

Since a subject's OS depended both on his PPR and the PPR of the subject 

he was paired with for the current period, no attempt was made to derive an 

average measure of OS for each subject across periods within risk treatments. That 

is, observations were interdependent both within and between subject, and analyses 

were based on all 240 observations. Also, OS was not measured on a firm-wide 

basis because both the theoretical construct and operational measure are defined on 

the basis of individual misstatement. 
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Table 32 provides a summary of median OS (interquartile range) for each 

group by risk treatment. Median OS appears to be equivalent across most groups. 

However, a Kruskal-Wallis one-way analysis of variance indicates a significant 

difference across the six experimental groups on OS-rn (X2 = 59.82, p < .001) and 

on OS-ra (X2 = 94.88, p < .001). 

OS distributions are shown in Table 33. Creation of no OS implies that the 

subject told the truth (i.e.. PPR = EPR). OS+ indicates the cases where optimal 

output exceeds imputed budgeted output. That is, a subject understated his EPR 

(i.e.. PPR < EPR). OS" indicates the cases where optimal output is less than 

imputed budgeted output. That is, a subject overstated his EPR (i.e.. PPR > EPR). 

Although the differences in OS distributions across risk treatment are insignificant 

for all but the Groves, no consumption group, the trends in OS within groups are as 

predicted. For the Groves and firm-profit-sharing groups, OS'is more common, 

indicating that subjects have overstated EPR. Likewise, for the unit-profit + 

penalty groups, OS+ occurs more often, indicating that subjects have understated 

relatively more in those groups. These results confirm the trends observed earlier 

in the misrepresentation data. 

Pairwise comparisons between groups using a series of Wilcoxon rank-sum 

tests are presented in Table 34. First, comparisons between consumption cells by 

incentive scheme show a significant difference in both OS-rn (z = 5.3, p < .001) 

and OS-ra (z = 4.6, p < .001) due to consumption for the Groves scheme, and a 
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OS-rn 

OS-ra 

OS-rn 

OS-ra 

Table 32. Output Slack. 
Median (interquartile range) 

No Resource Consumption Groups 

Groves 

0  ( -25 ,  10)  

0  ( -25 ,  5 )  

Firm-profit 

0  ( -25 ,  5 )  

0  ( -25 ,  5 )  

Unit-profit + 

0 ( 0, 5) 

0  (  0 ,  25)  

Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

-5  ( -45 ,  0 )  0  ( -25 ,  5 )  0  (  -5 ,  5 )  

-15  ( -45 ,  0 )  0  ( -45 ,  0 )  0  (  -5 ,  25)  
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Table 33. Output Slack Distributions Within Groups. 

No Resource Consumption Groups 
i 

Groves Firm-profit Unit-profit + 

RN RA RN RA RN RA 

No OS 79 71 80 84 120 100 

OS* 83 65 70 65 71 88 

OS" 78 104 90 91 49 52 

(X2 , p) (6.33, .04)* (0.29, .87) (3.73, .16) 

Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

RN RA RN RA RN RA 

No OS 59 49 70 63 90 92 

OS+ 51 43 66 51 83 77 

OS" 130 148 104 126 67 71 

(X2 , p) (2.77, .26) (4.40, .12) (0.36, .84) 



169 

Table 34. Wilcoxon Rank-Sum Analysis Between Groups: 
Output Slack. 

(z, p) 

Between Incentive Scheme Groups Across Resource Consumption 

Groves Firm-profit Unit-profit + 

OS-rn 5.30, <.001* 0.88, .38 0.01, .99 

OS-ra 4.60, <.001* 3.10, .002* 1.48, .14 

Between No Resource Consumption Groups 

Groves vs. Groves vs. Firm-profit vs. 
Firm-profit Unit-profit + Unit-profit + 

OS-rn 1.58, .11 0.72, .47 2.53, .01* 

OS-ra 0.72, .47 4.14, <.001* 3.39, <.001* 

Between Resource Consumption Groups 

Groves vs. Groves vs. Firm-profit vs. 
Firm-profit Unit-profit + Unit-profit + 

OS-rn 2.99, .003* 6.23, <.001* 3.30, .001* 

OS-ra 2.28, .02* 6.61, <.001* 4.76, <.001* 

Between Risk Treatments Within Groups 

(No Resource Consumption) 

Groves Firm-profit Unit-profit + 

OS 2.17, .03* 0.08, .94 1.16, .24 

(Resource Consumption) 

Groves Firm-profit Unit-profit + 

OS 0.90, .37 1.93, .05* 0.54, .59 
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significant difference in OS-ra (z = 3.1, p = .002) for the firm-profit-sharing 

scheme. Second, comparisons between groups within consumption conditions 

indicate numerous significant differences in OS between incentive schemes. 

Generally speaking, the unit-profit + penalty groups reported truthfully or 

understated more than either the Groves or firm-profit-sharing groups, creating less 

OS overall (and greater amounts of OS+). Additionally, the Groves group created 

more OS overall (and more OS") than the firm-profit-sharing group under resource 

consumption. Third, within-group comparisons between risk treatments indicate 

significant differences for the Groves, no consumption group (z = 2.17, p = .03) 

and for the firm-profit-sharing, consumption group (z = 1.93, p = .05) only. 

In sum, there appears to be a strong correspondence between 

misrepresentation and levels of OS. That is, subjects in both the Groves and firm-

profit-sharing groups misrepresent more than subjects in the unit-profit + penalty 

group, leading to greater amounts of OS under the former two schemes overall. 

Further, consumption appears to increase overstatement and the creation of OS. 

Finally, the comparisons of OS within each incentive scheme group provide modest 

support for hypotheses Hla and Hlb. That is, risk aversion led to a greater amount 

output slack for the Groves, no consumption and firm-profit-sharing, consumption 

groups. Risk aversion had no effect on the creation of OS for the unit-profit + 

penalty groups. 
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4.4.2. Input Slack. 

Input slack (IS) was computed by multiplying the difference between a 

subject's actual resource allocation each period and his optimal resource allocation 

times his EPR. Optimal resource allocations are computed as above for OS. Also, 

like the last analysis, since a subject's IS depended both on his PPR and the PPR of 

the subject he was paired with for the current period, no attempt was made to 

derive an average measure of IS for each subject across periods within risk 

treatments. That is, observations were interdependent both within and between 

subject, and analyses were based on all 240 observations. 

Median IS (interquartile range) for all experimental groups is presented in 

Table 35. There appears to be no difference among the six groups in the amount of 

IS exhibited. Indeed, a Kruskal-Wallis one-way analysis of variance among groups 

resulted in no significant difference among groups for either IS-rn or IS-ra. A 

series of Wilcoxon rank-sum tests found similar results on all between-group 

comparisons. As the distributions in IS within groups in Table 36 shows, the 

reason for these results is straightforward. All of the IS distributions are 

symmetric, with (roughly) the same spread. Within a group, when a subject 

misstates enough to upset the optimal resource allocation and create input slack, IS 

for the subject whom he's paired with (imperfectly) offsets the other. If a subject 

overstates by an amount large enough to upset the optimal allocation, IS+ is created. 

That is, allocated resources are greater than the optimal amount. A subject who 
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Table 35. Input Slack. 
Median (interquartile range) 

No Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

IS-ra 0 (-100, 100) 0 ( 0, 0) 0 ( 0, 0) 

I S - r a  0  { - 1 0 0 ,  1 0 0 )  0 ( 0 ,  0 )  0  (  0 ,  0 )  

Resource Consumption Groups 

Groves Firm-profit Pnit-profit + 

IS-rn 0 (-100, 100) 0 (-100, 100) 0 (-100, 100) 

IS-ra 0 (-100, 100) 0 (-100, 100) 0 (-100, 100) 
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Table 36. Input Slack Distributions Within Groups. 

No Resource Consumption Groups 

No IS 

IS* 

IS" 

(X2 , p) 

Groves 

RN 

112 

64 

64 

RA 

106 

67 

67 

(0.30, .86) 

Optimal 
Allocations 56 53 

Upset 
Allocations 64 67 

Firm-profit 

RN RA 

130 

55 

55 

124 

58 

58 

(0.30, .86) 

65 62 

55 58 

Unit-profit + 

RN RA 

156 

42 

42 

138 

51 

51 

(2.84, .25) 

78 69 

42 51 

Resource Consumption Groups 

No IS 

IS* 

IS-

(X2 , p) 

Groves 

RN 

106 

67 

67 

RA 

94 

73 

73 

(1.23, .55) 

Optimal 
Allocations 53 47 

Upset 
Allocations 67 73 

Firm-profit 

RN RA 

96 

72 

72 

118 

61 

61 

(4.08, .14) 

48 59 

72 61 

Unit-profit + 

RN RA 

108 

6 6  

66 

118 

61 

61 

(0.84, .66) 

54 59 

66 61 
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understates enough to upset the optimal allocation creates input slack IS'. That is, 

allocated resources are less than the optimal amount. However, misstatement does 

not necessarily lead to upset allocations. The distributions of IS indicate that 

optimal allocations always fell in the range of 40-60% (n = 120). 

A comparison of the IS distributions in Table 36 indicates few significant 

differences among groups. However, a significant difference between the Groves 

and unit-profit + penalty groups was found under no resource consumption for both 

IS-rn (X2 = 16.36, p < .001) and IS-ra (X2 = 8.54, p = .02). Additionally, a 

significant difference for IS-rn was found for both the firm-profit-sharing (X2 = 
* 

9.67, p = .009) and unit-profit + penalty (X2 = 19.39, p < .001) schemes between 

resource consumption groups. 

4.5. Firm Loss. 

4.5.1. Misrepresentation Loss. 

Misrepresentation loss (ML) was determined by comparing optimal output, 

as calculated above, to imputed output given the actual resource allocation and a 

subject's expected ROI. That is, optimal output minus the actual resource allocation 

multiplied by his EPR is equal to a subject's ML.25 Firm ML was the sum of a 

25 A portion of the difference between optimal output and actual output reflects the 
difference between ex ante and ex post ROIs (EPR - APR). Note that "loss" due to 
uncertainty was factored out when computing ML. Generally speaking, a series of 
Wilcoxon rank-sum tests indicated no differences in uncertainty loss between groups. 
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pair of subject's losses in the current period. Thus, each experimental group had 12 

observations of ML per period, for 120 observations within risk-treatment groups. 

Mean ML (standard deviation) is shown in Table 37.26 Not only is 

incidence rate for ML low, but there appears to be little difference among the 

groups. A Kruskal-Wallis one-way analysis of variance among all six groups 

reveals no significant difference for either risk-treatment measure. However, ML-rn 

is marginally significant (X2 = 9.84, p = .08). 

A series of pairwise comparisons using Wilcoxon rank-sum tests is 

presented in Table 38. First, comparisons between consumption cells by incentive 

scheme shows a lack of significant differences in ML due to consumption. Only 

one measure, ML-rn across the two unit-profit + penalty groups is significant (z = 

2.92, p =.004) Second, comparisons between groups within consumption conditions 

indicate few significant differences in ML between incentive schemes: ML-ra for 

the Groves and firm-profit-sharing comparison under resource consumption is 

significant (z = 1.99, p = .05); and, ML-rn for the firm-profit-sharing and unit-profit 

+ penalty comparison under no consumption is marginally significant (z = 1.63, p = 

.10). In the case of the first comparison, ML-ra was greater under the Groves 

scheme than under the firm-profit-sharing scheme. For the second comparison, 

ML-rn under firm-profit-sharing was greater than under unit-profit + penalty. 

26Median ML (interquartile range) for all experimental groups was 0 (0, 0), with 
the exception of the Groves-consumption group, risk-averse treatment, which was 0 
(0,20). 



Table 37. Misrepresentation Loss. 
Mean (standard deviation) 
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No Reaource Consumption Groups 

Groves Firm-profit Unit-profit + 

ML-rn 4.33 (11.65) 4.50 (11.73) 

ML-rn = 0 104 (87%) 103 (86%) 

2.50 ( 9.19) 

111 (93%) 

ML-ra 5.83 (12.54) 

ML-ra =0 96 (80%) 

3.83 (10.14) 

103 (86%) 

4.17 (11.27) 

104 (87%) 

Resource Consumption Groups 

Groves Firm-profit Unit-profit + 

ML-rn 3.50 ( 9.58) 

ML-rn = 0 104 (87%) 

5.50 (12.69) 

99 (83%) 

6.67 (13.80) 

95 (79%) 

ML-ra 6.67 (12.25) 

ML-ra =0 89 (74%) 

4.67 (12.09) 

103 (86%) 

5.17 (11.74) 

98 (82%) 
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Table 38. Wilcoxon Rank-Sum Analysis Between Groups: 
Misrepresentation Loss. 

(z, p) 

Between Incentive Scheme Groupa Across Resource Consumption 

Groves Firm-profit Unit-profit + 

ML-rn 0.13, .90 0.69, .49 2.92, .004* 

ML-ra 0.91, .37 0.13, .90 0.98, .33 

Between No Resource Consumption Groups 

ML-rn 

ML-ra 

Groves vs. 
Firm-profit 

0.17, .86 

1.25, .21 

Groves vs. 
Unit-profit + 

1.46, .14 

1.32, .19 

Firm-profit vs. 
Unit-profit + 

1.63, .10 

0.10, .92 

ML-rn 

ML-ra 

Between Resource Consumption Groups 

Groves vs. 
Firm-profit 

1.02, .31 

1.99, .05* 

Groves vs. 
Unit-profit + 

1.70, 

1.28, 

.09 

,20 

Firm-profit vs. 
Unit-profit + 

0.67, .50 

0.74, .46 

ML 

ML 

Between Risk Treatments Within Groups 

(No Resource Consumption) 

Groves Firm-profit Unit-profit + 

1.28, .20 0.10, .92 1.45, .15 

(Resource Consumption) 

Groves Firm-profit Unit-profit + 

2.41, .02* 0.66, .51 0.63, .53 
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Third, within-group comparisons between risk treatments indicate a significant 

difference for ML for the Groves scheme. This difference is attributable to higher 

ML under risk aversion than under risk neutrality. No significant difference for 

risk treatment existed for the other groups. 

The analysis of ML confirms earlier findings. That is, risk aversion does 

not appear to lead consistently to either higher misrepresentation or 

misrepresentation loss except for in the case of the Groves scheme. Also, although 

significant differences in misrepresentation between the unit-profit + penalty and 

the other two incentive scheme groups were found, these differences are not 

reflected in comparisons using the ML measures. 

4.5.2. Consumption Loss. 

Consumption loss (CL) measured the difference between imputed output 

given full investment of allocated resources and actual output based on resources 

invested after consumption. That is, CL reflects the amount of output lost to the 

firm due to post-allocation consumption of resources. As with ML, CL was 

aggregated over pairs of subjects, with 12 observations per group each period for 

120 observations within risk treatments. 

Mean CL (standard deviation) and median CL (interquartile range) are 

presented in Table 39. An examination of both statistics appears to support the 

findings from the consumption hypotheses tests. That is, consumption is greater 

under the Groves and firm-profit-sharing schemes than under a unit-profit + penalty 



Table 39. Consumption Loss. 
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CL-rn 

CL-rn = 

CL-ra 

CL-ra = 

CL-rn 

CL-ra 

Mean (standard deviation) 

Groves Firm-profit Unit-profit + 

61.4 (59.3) 51.4 (49.0) 33.8 (49.1) 

13 (11%) 13 (11%) 36 (30%) 

116.6 (84.5) 100.1 (75.6) 87.1 (84.4) 

1 ( 1 % )  1 ( 1 % )  3  (  3 % )  

Median (interquartile range) 

Groves Firm-profit Unit-profit + 

45 (18, 85) 40 (18, 74) 17 ( 0, 42) 

91 (45, 169) 70 (45, 145) 55 (35, 111) 
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scheme and consumption increases with risk aversion as compared to risk 

neutrality. These differences extend to CL data. Indeed, the incidence rates for CL 

reflect the jump in consumption from risk neutrality to risk aversion. 

A Kruskal-Wallis one-way analysis of variance finds that both CL-rn and 

CL-ra are significantly different across the three consumption groups [(X2 = 28.03, 

p < .001) and (X2 = 12.04, p = .002), respectively]. Table 40 displays results from 

a series of pairwise comparisons using Wilcoxon rank-sum analysis. As expected, 

the comparisons of both the Groves and firm-profit-sharing groups with the unit-

profit + penalty group are highly significant for both measures. Higher 

consumption under the former schemes leads to significantly higher CL. A 

significant difference does not exist for both measures comparing the Groves and 

firm-profit-sharing groups. Within each group, comparisons between CL-rn and 

CL-ra are also highly significant. That is, greater consumption under risk aversion 

leads to more severe output losses. 

4.6. Subject Payoffs. 

Subjects could receive cash payoffs in three ways. First, in the example 

trials during the instructional phase of the experiment, subjects played the lottery 

using the probability to win as given in each example. In the no consumption 

groups, with four examples, a subject could gain up to $4.00 during the 

instructional phase. In the consumption groups, with six examples, a subject stood 

to gain up to $6.00. 



CL-rn 

CL-ra 
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Table 40. Wilcoxon Rank-Sum Analysis Between Groups: 
Consumption Loss. 

(z, p) 

Between Incentive Scheme Groups 

Groves vs. Groves vs. Firm-profit vs. 
Firm-profit Pnit-profit + Unit-profit + 

0.90, .37 4.81, <.001* 4.27, <.001* 

1.36, .17 3.31, .001* 2.30, .02* 

Between Risk Treatments Within Groups 

Groves Firm-profit Unit-profit + 

CL 5.71, <.001* 5.82, <.001* 7.38, <.001* 
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Second, subjects received cash for their lottery winnings for the ten periods 

during each experimental risk treatment. For a risk-neutral subject facing the 

Groves scheme under no resource consumption, the optimal (ten-period) payoff was 

calculated as $5.32 by using the payoff matrices and optimal responses presented in 

Chapter 3, Table 1. Similarly, ten-period payoffs for a risk-averse subject facing 

Groves and no resource consumption were calculated as $7.17. For the firm-profit-

sharing no consumption group, risk-neutral payoffs were $5.16. Risk-averse 

payoffs could not be calculated because a subject's message-strategy depended upon 

his assumptions about the other subject's behavior. For the unit-profit + penalty 

group, risk-neutral payoffs under no consumption were $1.35. A risk-averse subject 

receiving a low signal had expected payoffs of $6.00. Risk-averse payoffs given a 

high signal could not be calculated due to a lack of knowledge about the other 

subject's likely response strategy. Cash payoffs for all experimental treatments 

given resource consumption could not be calculated due also to the lack of 

knowledge concerning the other subject's responses. 

Finally, in the unit-profit + penalty groups under resource consumption, 

some subjects received additional cash. At the end of the experiment, additional 

cash was given to subjects who, over both the example trials and experimental 

periods, won less than the lowest payout ($6.00) for the other two incentive 

schemes under resource consumption. One subject received an additional $3.00, 

three received an additional $2.00, and four received an additional $1.00. Also, 
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two subjects arrived extremely late (i.e.. one hour) for one session. All subjects 

during that session received an additional $4.00 to compensate them for the extra 

time they had spent waiting for the experiment to begin. 

Table 41 presents summary statistics for the probability of winning the 

lottery (PW) by groups for each experimental risk treatment. PW is calculated by 

summing the probabilities earned across the ten periods within treatments. Thus, 

both PW-rn and PW-ra consist of 24 observations per group. PW is reported 

because PW times $1.00 equals expected earnings before a given subject had 

played the lottery. For the Groves group under no resource consumption, mean 

PW-rn (5.53) (or, expected pre-lottery earnings of $5.53) is quite close to the 

optimal payoff calculated above ($5.32). Actual PW-ra (7.71) is also close to the 

optimal expected value ($7.17). Similar comparisons between values for the firm-

profit-sharing and unit-profit + penalty groups indicate actual results near optimal. 

Table 42 displays means (standard deviations) for actual cash payoffs by 

experimental groups, excluding the extra cash received by the unit-profit + penalty 

group under resource consumption as noted above. Both the individual sources and 

total payoffs are shown. For both treatments under the Groves and firm-profit-

sharing schemes, actual cash payoffs are near their expected values. Also, the unit-

profit + penalty groups' cash payoffs are about half the amount of payoffs received 

by each of the other groups. 



Table 41. Actual Probability to Win by Group. 
Mean (standard deviation) 

Median (interquartile range) 

No Resource Consumption Groups 

Groves 

5.53 (0.59) 

6 (5.1, 6.0) 

7.71 (0.48) 

8 (7.4, 8.1) 

Groves 

5.87 (0.94) 

0 (5.3, 6.7) 

6.83 (1.76) 

4 (5.6, 8.1) 

Firm-profit 

5.18 (0.56) 

5.2 (4.7, 5.6) 

7.22 (0.57) 

7.4 (6.7, 7.7) 

4.75 (0.82) 

4.9 (4.2, 5.4) 

6.59 (1.44) 

7.1 (5.8, 7.8) 

Unit-profit + 

2.85 (0.82) 

2.8 (2.0, 3.5) 

4.88 (1.22) 

4.6 (4.1, 5.7) 

-profit + 

2.40 (1.11) 

2.0 (1.6, 3.4) 

1.92 (0.79) 

1.8 (1.2, 2.5) 

Resource Consumption Groups 

Firm-profit Unit 
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Groves 

Firm 

Unit + 

Groves 

Firm 

Unit + 

Table 42. Actual Cash Payoffs. 
Mean, Standard Deviation 

(in $$) 

No Resource Consumption Groups 

Examples 

2 . 7 1 ,  1 . 0 8  

2 . 3 3 ,  0 . 8 7  

1 . 7 1 ,  0 . 8 1  

Examples 

3 . 0 4 ,  1 . 2 0  

2 . 6 3 ,  1 . 4 4  

2 . 0 4 ,  0 . 9 6  

Risk Neutral 

6 . 0 8 ,  1 . 5 0  

4 . 9 6 ,  1 . 5 2  

2 . 4 2 ,  1 . 6 4  

Risk Averse 

6 . 8 3 ,  2 . 3 5  

6 . 7 1 ,  2 . 1 2  

2.00, 1.06 

Total 

1 5 . 7 5 ,  2 . 4 9  

1 4 . 5 4 ,  1 . 9 3  

9 . 7 1 ,  1 . 7 1  

Total 

1 5 . 9 6 ,  3 . 4 8  

1 4 . 2 9 ,  3 . 1 0  

6 . 4 6 ,  2 . 0 9  

5 . 3 8 ,  1 . 6 6  7 . 7 9 ,  1 . 3 8  

5 . 1 7 ,  1 . 4 4  7 . 0 4 ,  1 . 1 6  

2 . 9 2 ,  1 . 2 5  5 . 0 8 ,  1 . 4 7  

Resource Consumption Groups 

Risk Neutral Risk Averse 
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Lower payoffs for the unit-profit + penalty group occur for two reasons. 

First, the existence of the stiff variance penalty serves to reduce expected and actual 

payoffs. That is, the effect of the penalty if a subject does not meet his budget is 

built into the expected payoff tables presented in Chapter 3. Actual payoffs are 

reduced because subjects do bear variance penalties in many instances. Second, 

under resource consumption, the reduction due to the penalty was exacerbated by 

subjects' increased consumption of allocated resources. That is, greater 

consumption leads to a greater probability of bearing a variance penalty, ceteris 

paribus. 

4.7. Questionnaire Responses. 

After the experiment ended, subjects were asked to respond to a series of 

items designed to assess their understanding, strategies employed, and perceptions 

during the experiment. The following subsections summarize their responses.27 

4."M. Understanding Experimental Task. 

Table 43 presents responses on three items which asked subjects to report 

their understanding of the experimental task. After the example trials, it appears 

that subjects in the consumption condition felt they understood less about the task 

than those in the no consumption groups. Within each consumption condition, it 

appears that level of understanding was (roughly speaking) the same across groups. 

27The tables referenced in the following subsections are based on 24 responses per 
item per group. When numbers on a given item total less than 24, one or more 
subjects chose not to answer that particular item. 



Table 43. Questionnaire Responses: 
Understood Task. 

(1) After Example Trials 
(No Consumption) 

G F U+ 

Did not understand 3 4 2 
Needed more time 11 14 14 
Understood completely 10 6 8 

(Consumption) 
G_ P_ U+ 

Did not understand 11 10 11 
Needed more time 9 10 10 
Understood completely 4 4 3 

(2) After Risk-Neutral Treatment 
(No Consumption) 

G F U+ 

Did not understand 2 4 1 
Needed more time 6 5 4 
Understood completely 16 15 19 

(Consumption) 
G F U+ 

Did not understand 3 8 7 
Needed more time 13 8 10 
Understood completely 7 8 7 

(3) After Risk-Averse Treatment 
(No Consumption) 

G F U+ 

Did not understand 2 4 2 
Needed more time 6 5 4 
Understood completely 16 15 18 

(Consumption) 
G F U+ 

Did not understand 14 9 
Needed more time 8 5 6 
Understood completely 15 15 9 
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Additionally, no consumption groups, as expected, generally felt they understood 

the task better than their consumption counterparts. Perceived understanding, as 

indicated by subjects' self-reports, appears to have increased for all groups over 

time. 

4.7.2. Understanding Point-Probability Relationships. 

Table 44 presents responses to items designed to assess whether subjects 

understood the relationship between their investment points and their chance to win 

the lottery. Considering the no consumption groups first, the correct response after 

the risk-neutral treatment would be "C" (increased at a constant rate as investment 

points increased). The correct response after the risk-averse treatment would be 

"B" (increased at a decreasing rate as investment points increased). For the Groves 

and unit-profit + penalty groups, 33% responded correctly after the risk-neutral 

treatment. For the firm-profit-sharing group, 42% responded correctly. After the 

risk-averse treatment, only 13% of the Groves and firm-profit-sharing groups 

checked correct responses, while only 8% of the unit-profit + penalty group 

answered correctly. Thus, it appears that subjects in the no consumption condition 

understood the relationship between investment and the lottery more when faced 

with risk-neutral payoffs than with risk-averse ones. However, it could be the case 

that subjects did not understand the questionnaire items presented in Table 44. 

For the consumption groups, the correct responses for the risk-neutral and 

risk-averse conditions would be "C" (increased at a constant rate) and "D" 



Table 44. Questionnaire Responses: 
Understood Relationship Between Investment and Lottery. 
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(8) After Risk-Neutral Treatment 

(No Consumption) 
G F P+ 

Increasing rate 11 7 12 
Decreasing rate 5 6 4 
Constant rate 8 10 8 

(Consumption) 
G F U+ 

Increasing rate 11 12 8 
Decreasing rate 7 7 5 
Constant rate 0 3 5 
Remained Constant 4 14 

(10) After Risk-Averse Treatment 

(No Consumption) 
G F U+ 

Increasing rate 12 12 17 
Decreasing rate 3 3 2 
Constant rate 8 8 5 

Increasing rate 
Decreasing rate 
Constant rate 
Remained Constant 

(Consumption) 
G F U+ 

5 7 4 
12 10 5 
4 5 5 
2 19 
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(remained constant), respectively. Table 44 shows that subjects did not understand 

well the nature of their payoff relationship after either treatment. Table 45 presents 

responses for the consumption groups on items designed to assess whether they 

understood the relationship between consumption points gained through exchange 

and their chance of winning the lottery. In both risk-neutral and risk-averse cases, 

the correct response was "C" (increased at a constant rate). The responses indicate 

that subjects did not understand this relationship well after either risk treatment 

ended. 

4.7.3. Communication Strategies. 

Self-reported message-sending strategies are presented in Table 46. For the 

Groves group under no consumption, subjects did not indicate a high rate of 

employing the optimal strategy at the end of either treatment (truth-telling given 

risk neutrality and understatement given risk aversion). However, the Groves 

group under consumption seemed to have used the optimal strategies 

(overstatement) for each risk treatment. 

Under no consumption, the firm-profit-sharing group after risk neutrality 

reported using the optimal strategy given a low signal (understatement) but 

indicated a low rate of overstatement, the optimal strategy given a high signal. 

Their mixed responses after risk aversion seem appropriate given the equivocal 

nature of the payoff table they faced. The firm-profit-sharing group under resource 



Table 45. Questionnaire Responses: 
Understood Relationship Between Consumption and Lottery. 

(Resource Consumption Groups Only) 
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(9) After Risk-Neutral Treatment 

Increasing rate 
Decreasing rate 
Constant rate 
Remained Constant 

G F U+ 

5 4 5 
14 11 4 
3 5 7 
12 6 

(11) After Risk-Averse Treatment 

Increasing rate 
Decreasing rate 
Constant rate 
Remained Constant 

G F U+ 

15 12 10 
5 4 5 
16 3 
2 15 



Table 46. Questionnaire Responses: 
Self-Reported Message Strategies. 
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(4) After Risk-Neutral Treatment 

(No Consumption) 
G F U+ 

PPR lower than EPR 13 10 10 
PPR higher than EPR 5 2 6 
PPR equal to EPR 6 11 8 

(Consumption) 
G F U+ 

PPR lower than EPR 5 8 11 
PPR higher than EPR 18 8 4 
PPR equal to EPR 1 8 7 

(6) After Risk-Averse Treatment 

(No Consumption) 
G F U+ 

PPR lower than EPR 8 6 9 
PPR higher than EPR 11 9 6 
PPR equal to EPR 5 8 9 

(Consumption) 
G F U+ 

PPR lower than EPR 5 8 11 
PPR higher than EPR 16 11 8 
PPR equal to EPR 3 5 4 
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consumption indicates a mixed strategy at the end of risk neutrality, with the 

expected increase in overstatements reported at the end of the risk-averse treatment. 

The unit-profit + penalty group under no consumption indicates much less 

overstatement than expected at the end of the risk-neutral treatment. Further, the 

expected increase in reported understatements after the risk-averse treatment does 

not occur. Distributions of reported strategies under resource consumption are 

similar to those reported under no consumption. However, the high incidence of 

reported understatement given consumption meets expectations. That is, subjects 

may understate more to create opportunities to consume resources. 

4.7.4. Maximization Strategies. 

Maximization strategy items were to assess how subjects in the resource 

consumption groups valued their tradeoffs between investment and consumption. 

That is, subjects reported whether it was important to maximize either investment 

points, exchange points, or both, for each experimental treatment. Table 47 shows, 

as expected, the predominant response for all schemes given risk neutrality was that 

it was more important to maximize points from investment. Additionally, when 

responding for the risk-averse treatment, subjects' predominant response indicated 

an expected shift towards valuing consumption more than investment points. 

4.7.5. Perceived Fairness. 

Item (12) asked subjects to place a checkmark on an eleven-point Likert 

scale indicating their agreement with "The way in which my investment points were 
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Table 47. Questionnaire Responses: 
Self-Reported Maximization Strategies. 
(Resource Consumption Groups Only) 

(5) After Risk-Neutral Treatment 

G F U+ 

Investment more important 17 18 19 
Consumption more important 4 0 1 
Equally important 3 6 4 

(7) After Risk-Averse Treatment 

U+ 

Investment more important 7 3 5 
Consumption more important 15 14 13 
Equally important 2 7 5 
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measured was fair," with "1" meaning "strongly disagree" to "10" meaning strongly 

agree. Table 48 shows the mean (standard deviation) for each experimental group. 

Perceived fairness appears to be (roughly) the same across groups within 

consumption conditions. However, perceived fairness decreases slightly for all 

groups across consumption conditions. 

4.7.6. Collusion. 

Table 49 presents responses to four items designed to measure both subjects 

perceptions of opportunities to collude throughout the experiment, and whether they 

attempted to manipulate their strategies to achieve collusive goals. Groups across 

conditions seem to have responded alike, although subjects in the firm-profit-

sharing groups appeared to perceive more opportunities than others, especially in 

the consumption condition. Subjects in the firm-profit-sharing groups also indicated 

that they attempted to collude more frequendy than subjects in the other groups. 

4.7.7. Miscellaneous Items. 

Table 50 presents responses on the final three items. Responses to item (17) 

indicate that most subjects felt that they were indeed competing for a scarce amount 

of resources. However, for the Groves group, the responses were mixed given no 

resource consumption, with the majority perceiving the existence of competition. 

The Groves group under resource consumption exhibited strong agreement on this 

item. 



Table 48. Questionnaire Responses: 
Fairness. 

Mean (standard deviation) 

No Consumption Groups 

Groves 

Firm-profit 

Unit-profit + 

7.13 (1.84) 

7.50 (1.50) 

6 . 6 0  ( 2 . 0 6 )  

Consumption Groups 

Groves 

Firm-profit 

Unit-profit + 

6.56 (2.06) 

5.39 (1.62) 

5.57 (2.36) 



Table 49. Questionnaire Responses: 
Collusion. 

(13) Collusion could increase investment points. 

(No Consumption) (Consumption) 

G F tJ+ G F U+ 

Yes 6 7 4 9 11 6 

No 18 16 20 15 13 18 

(14) Attempted to collude to increase investment points. 

(No Consumption) (Consumption) 

G F U+ G F P+ 

Yes 5 9 4 6 10 4 

No 19 14 20 18 14 20 

(15) Collusion could increase consumption points. 

(Consumption Groups Only) 

G F P+ 

Yes 6 9 6 

No 17 15 18 

(16} Attempted to collude to increase consumption points. 

(Consumption Groups Only) 

G F U+ 

Yes 5 11 5 

No 19 13 19 



Table 50. Questionnaire Responses: 
Miscellaneous. 
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(17) Competing for scarce amount of resources. 

(Ho Consumption) (Consumption) 

G F P+ G F U+ 

Yes 14 16 21 22 18 21 

No 10 7 3 2 6 3 

(18) Not concerned with impact on organization. 

(No Consumption) (Consumption) 

G F P+ G F U+ 

Yes 19 19 20 22 17 14 

NO 5 5 4 2 7 9 

(19) Not concerned with impact on Unit B. 

(No Consumption) (Consumption) 

G F U+ G F U+ 

Yes 20 21 22 24 18 20 

No 4 3 2 0 6 4 
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Items (18) and (19) were designed to assess whether subjects considered the 

goals of the organization and the other unit or only their own maximization of their 

chance to win the lottery. All groups exhibited fairly high agreement with both 

items. However, the subjects in the unit-profit + penalty group under risk aversion 

seemed to be relatively more concerned with the goals of the organization 

compared to the other two groups. 

4.8. Summary Discussion. 

4.8.1. Misrepresentation. 

Pairwise comparisons within experimental groups for misrepresentation 

measures between risk treatments revealed no significant effects. That is, contrary 

to predictions represented by Hla, Hlb, and Hlc, misrepresentation does not 

increase under risk aversion compared to risk neutrality. While no support was 

found for this first set of hypotheses, supplemental analyses have shown a general, 

albeit insignificant, trend towards greater misrepresentation under risk aversion. 

Subjects in both Groves groups overstated more under risk aversion, but 

misrepresentation measures failed to show this effect because the increased 

overstatements reflected a corresponding decrease in understatements. 

Misrepresentation for the other two groups was insignificant despite similar shifts in 

their underlying communication distributions. 

Pairwise comparisons between incentive schemes were in expected 

directions, supporting the results found by Waller and Bishop (1990). That is, 
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relatively no difference existed between the Groves and firm-profit-sharing 

schemes, whereas highly significant differences in misrepresentation were found 

between the unit-profit + penalty schemes with each of the former two. 

Analyses of output slack, misrepresentation losses within subject-pairs, and 

selected questionnaire responses indicate these same irends towards predictions for 

misrepresentation. For the Groves and firm-profit-sharing groups, budgeted output 

often exceeds optimal output (i.e., OS" exists more often), indicating that subjects in 

these groups tend to overstate their EPRs more than understate. The opposite effect 

was found for the unit-profit + penalty groups: budgeted output is less than 

optimal output more often, indicating relatively more understatement in these 

groups. However, these trends in observed output slack were not supported 

statistically. 

An analysis of misrepresentation loss corroborated these results. That is, 

except in the case of the Groves groups, risk aversion does not appear to lead to 

statistically higher misrepresentation or misrepresentation losses. Finally, responses 

to some questionnaire items reflected these underlying trends. Self-reported 

message strategies show that (1) subjects in the Groves group under resource 

consumption did tend to overstate more as expected; (2) the firm-profit-sharing 

group under resource consumption reported overstating more under risk aversion; 

and, (3) the unit-profit + penalty groups reported more understatements during risk 

aversion. 
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Lack of statistically significant differences between risk treatments may have 

been due to two factors acting either alone or in conjunction. First, 

operationalizing the Groves environment to the experimental setting created the 

following effects. An examination of the payoffs under risk neutrality (see Table 1 

in Chapter 3) indicates a lack of spread among the expected values based on 

different messages. Due to this lack of spread, dominant strategies are dominant in 

a weak sense: the characteristics of the Groves scheme naturally inhibit 

opportunities to observe theoretical predictions. Insufficient spread among 

theoretical predictions may have driven the lack of observed significance. Also, in 

an effort to maintain tighter response control over subjects and have clear 

predictions about what their experimental behavior should be, the state-probability 

space was restricted within a narrow range (see Chapter 3 for a more thorough 

discussion). Whereas in Waller and Bishop (1990) subjects had ten (out of ten) 

possible values from which they could misstate their true p-ratio, subjects is this 

study had only two (out of six) values from which they could misstate. Further, the 

possible differences between EPRs and misstated PPRs were minimized due to the 

truncation of the state space. 

An additional reason why no significant differences in misrepresentation 

were observed during this experiment could be both that subjects did not fully 

understand the nature of their task, and the relationship between investment and 

exchange points and their corresponding chance to win the lottery. Although the 



202 

underlying trend may indicate that a few subjects in some groups understood 

sufficiently to find optimal strategies, the majority may have been unable to do so 

given their lack of understanding. 

Finally, the experimenter's observations of subjects throughout all groups 

indicates high subject involvement in figuring out how to play the game 

successfully, especially in the consumption groups. Subjects were observed 

consulting their schedules consistently throughout the experiment while making 

decisions. Also, even though the computer calculated all their payoffs and chance 

to win each period, several subjects were seen using their calculators as an aid. 

Given subjects' active attention to the task, problems with understandability might 

be decreased in future studies through increased training and task repetition. 

4.8.2. Consumption. 

Hypotheses regarding consumption were well supported in this study. First, 

pairwise comparisons between experimental groups revealed highly significant 

differences in consumption levels between the unit-profit + penalty and each of the 

other two groups. Thus, H2a and H2b were strongly supported. Consumption is 

less under the unit-profit + penalty scheme than either a Groves or a firm-profit-

sharing scheme. No significant difference was found between the Groves and firm-

profit-sharing groups. Consumption was compared also within groups by risk 

treatment to test H3a, H3b, and H3c. For all three schemes, a highly significant 

difference was found. That is, subjects consumed more under risk aversion than 
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under risk neutrality. These results confirm H3a and H3b, but provide strong 

disconfirming evidence for H3c. Risk-averse subjects who face a unit-profit + 

penalty scheme should exhibit decreased, not increased, consumption. 

Distributional consumption data provide further support for these results. 

Data on consumption loss and questionnaire responses also support these 

conclusions. The differences between risk treatments extend to consumption loss 

data. That is, not only does consumption increase with risk aversion, losses 

increase correspondingly, as expected. Sharp increases in consumption losses are 

seen as subjects shift from risk neutrality to risk aversion. Also as expected, the 

differences in consumption loss between the unit-profit + penalty group and the 

other two groups are highly significant, but not the difference between the Groves 

and firm-profit-sharing groups. Finally, reported maximization strategies indicate 

an increase in subjects' focusing on maximizing consumption rather than 

investment, under risk aversion compared to risk neutrality. Thus, self-reports 

correspond directly to observed consumption strategies. 

The finding that subjects under the unit-profit + penalty scheme increase 

rather than decrease consumption under risk aversion may be due to the reported 

lack of understandability concerning the experimental task, the tradeoffs between 

investment and consumption, and the relationship of both investment and 

consumption to the probability of winning the lottery. As reported earlier, subjects 

appeared to have difficulty understanding their task, particularly in the consumption 
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groups. Additional training sessions and task repetitions may aid understanding the 

difficult tradeoffs which these subjects must make. The lack of correspondence 

between predicted and actual consumption behavior could have been due also to 

other psychological factors. Here, the experimental task was difficult, especially 

under risk aversion; choice strategies which could increase a subject's probability 

of success were not obvious; and, subjects received incomplete outcome feedback 

which indicated that the likelihood of success was low. To contend with an 

increasingly difficult task under risk aversion and to increase the probability of 

winning when feedback indicated a low overall likelihood, subjects may have 

responded with "overconsumption strategies," contrary to that predicted, and to the 

detriment of their overall task performance. 



Chapter 5. Concluding Remarks. 

In multidivisional firms, decision-making activities are decentralized and 

there is normally an information asymmetry about the profitability of alternative 

uses of resources. This information asymmetry creates a demand for participation, 

or upward communication of private information, because unit managers who 

possess superior, albeit imperfect, information are in a better position than central 

management to judge potential profitability. However, participation coupled with 

divergent preferences for local objectives, risk, and/or organizational resources 

creates incentives for division managers to distort their private information to build 

slack in their operating budgets. 

Theoreticians have proposed an incentive scheme which induces unit 

managers to reveal their private information truthfully fe.g.. Groves, 1973], thereby 

reducing the ability of managers to create budgetary slack. Despite the superiority 
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claimed by the academic literature, the use of truth-inducing schemes has not been 

observed. The absence of implementation may indicate problems with the 

mechanism's underlying assumptions. Alternatively, incentive schemes already 

used in practice (e.g.. unit-profit + penalty schemes or firm-profit-sharing schemes) 

may alleviate communication problems that arise with decentralization. Laboratory 

experiments which incorporate a more realistic set of environmental assumptions 

can provide information useful to evaluate the relative effectiveness of alternative 

solutions to intrafirm communication problems. 

This study entailed an experiment which tested the relative effectiveness of 

unit-profit + penalty, firm-profit-sharing, and Groves incentive schemes in inducing 

truthful communications and controlling resource consumption under three 

conditions. First, subjects who gained utility only through the investment of 

allocated resources acted as unit managers and made message decisions given 

induced risk-neutral and risk-averse utility functions. That is, subjects sent a pre-

allocation message about expected ROI to a (mechanized) central manager, who 

allocated resources between pairs based on a comparison of messages from both 

subjects. Second, risk-neutral subjects who had a positive utility for perquisite 

consumption made both message and post-allocation investment-consumption 

decisions. Third, risk-averse subjects who had a positive utility for resource 

consumption also made message and investment-consumption decisions. Incentive 
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scheme and utility for perquisite consumption were both between-subjects variables. 

Risk-neutral and risk-averse attitudes were induced on a within-subjects (AB-BA) 

basis. It was hypothesized that the unit-profit + penalty scheme is more effective 

than either a Groves or a firm-profit-sharing scheme in inducing truthfulness and 

controlling resource consumption given risk aversion. 

Specifically, the first set of hypotheses dealt with expected shifts in 

misrepresentation due to the within-subject risk treatment. It was proposed that 

subjects rewarded under either a Groves or a firm-profit-sharing scheme would 

exhibit more misrepresentation under risk aversion than under risk neutrality. 

Subjects facing a unit-profit + penalty scheme would understate their expected ROI 

more under risk aversion than under risk neutrality. Generally speaking, a lack of 

support for all three hypotheses was found. That is, misrepresentation is not greater 

under risk aversion than under risk neutrality. However, analyses of the underlying 

data and supplemental measures indicate a trend towards greater misrepresentation 

given risk aversion. Lack of support could have been due to limited understanding 

regarding the experimental task and its required tradeoffs. Also, opportunities to 

observe large differences in a stochastic Groves environment are minimized due to 

a restricted misrepresentation range relative to expected values for ROI. Indeed, 

the properties of the Groves scheme itself lead to an insufficient spread among its 

theoretical predictions. 
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Second, it was hypothesized that subjects rewarded by a unit-profit + 

penalty scheme would consume fewer allocated resources than subjects in either 

Groves or firm-profit-sharing groups. Both these hypotheses were supported 

through analyses of consumption patterns between groups. That is, a significant 

difference in consumption was found in comparisons of the unit-profit + penalty 

group with both the Groves and firm-profit-sharing groups, with subjects in the 

latter two groups consuming more resources than subjects in the unit-profit + 

penalty group. However, this difference diminished under risk aversion. 

A third set of hypotheses dealt with the within-group effects of risk 

preferences on resource consumption. It was predicted that both the Groves and the 

firm-profit-sharing groups would increase consumption given risk aversion, while 

the unit-profit + penalty group would correspondingly decrease consumption. A 

series of within-group pairwise comparisons indicates that subjects in all three 

groups exhibit highly significant increases in resource consumption under risk 

aversion. Thus, the hypotheses involving the Groves and firm-profit-sharing groups 

were supported, while the prediction for the unit-profit + penalty group was not 

supported. Subjects under the latter scheme may have exhibited increased 

consumption due to a lack of understanding regarding the experimental task and its 

required tradeoffs. The experimental task was difficult, especially under risk 

aversion; choice strategies which could increase a subject's probability of success 

were not obvious; and, subjects received incomplete outcome feedback which 



209 

indicated that the likelihood of success was low. To contend with increasingly 

difficult task under risk aversion and to increase the probability of winning when 

feedback indicated a low overall likelihood, subjects may have responded with 

"overconsumption strategies," contrary to that predicted, and to the detriment of 

their overall task performance. 

This study abstracts from divisionalized firms on a number of important 

dimensions. First, although subjects repeated their decision-making tasks over 

several periods, the experiment entailed mere repetition of a one-period world. A 

more realistic environment would entail a multi-period setting where additional 

influences on managerial behavior may emerge. For example, reputations can be 

built and maintained over several periods and may have a mitigating effect on 

managerial propensity to misrepresent private information. Also, while this study 

minimized the opportunities to do so, managers in divisionalized organizations may 

have opportunities to establish intraorganizational collusive relationships. Some 

subjects in this study indicated that they attempted to send collusive messages. 

Intrafirm collusion is an important topic which warrants further study. 

The moral hazard problem in this study represented the situation where 

managers have opportunities to divert organizational resources for personal use and 

consumption. Other moral hazard problems exist which have an important 

theoretical relationship to communication strategies. For example, managers who 

receive disutility from expending effort may exhibit propensities to misrepresent 
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their private information. Further work needs to address this effort problem and 

assess its behavioral impact in intrafirm resource allocation settings. Finally, 

psychological factors which can impact communication strategies (e.g.. personal 

morals and/or intrafirm behavioral norms) need to be incorporated in future studies 

of this nature. 
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Appendix A. Experimental Instructions. 

Appendix A contains a complete set of experimental 

materials, organized as follows. Part I contains the 

instructions for the no consumption condition. 

Differences in instructions due to incentive scheme are 

noted when appropriate. Additionally, the order on the 

risk-preference variable is AB. That is, the risk-neutral 

manipulation comes first, followed by the risk-averse 

condition. The order was reversed for one-half of the 

subjects. Finally, the instructions for the consumption 

condition follow in Part II. 
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Part I. No Resource Consumption. 

(All incentive scheme groups) 

OVERVIEW 

Thank you for participating in this experiment. If 
you make careful decisions, you can earn a considerable 
amount of cash. 

The experiment has several parts. First, you will 
receive an overview and detailed description of your task 
and how you can earn cash. Once the actual experiment 
begins, there will be several periods or repetitions of 
the task, so that there will be plenty of chances for you 
to earn cash. At the end of the experiment, you will be 
asked to fill out a questionnaire. 

Your role is to serve as the OPERATOR of a UNIT in an 
organization. The organization consists of your unit, 
another unit just like yours, and a CENTER. Each period 
you will be randomly paired with a different participant 
to form your two-unit organization. You will always be 
Unit A and the unit you are paired with will always be 
referred to as Unit B. The computer will serve as the 
center. 

The center allocates inputs between your unit and 
Unit B each period. Each unit is able to process inputs 
into outputs. The only way to obtain inputs is from the 
center. 

As the operator of Unit A, you will obtain 
information on how many outputs can be produced by your 
unit for any given number of inputs. For example, it may 
be the case that your unit could produce 25 outputs if it 
had 10 inputs, 50 outputs if it had 20 inputs, and so on. 
Let us refer to the ratio of outputs to inputs by the 
term, PRODUCTIVITY RATIO, or, P-RATIO, for short. In the 
above example, the p-ratio is 2.5. That is, 2.5 
multiplied by 10 inputs equals 25 outputs, 2.5 multiplied 
by 20 inputs equals 50 outputs, and so on. 
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At the beginning of each period, you will obtain 
information about your unit's p-ratio for that period. 
Your unit's p-ratio will be different each period. It is 
important to note that you are the only person in the 
organization who will know your unit's p-ratio. That is, 
neither the center nor Unit B's operator will know your 
unit's p-ratio. 

Unit B's p-ratio will be determined independently. 
Unit B's operator will be the only person in the 
organization who will know his or her unit's p-ratio. 

The center allocates inputs between your unit and 
Unit B as follows. You will send a message to the center 
about your unit's p-ratio. Unit B's operator also will 
send a message to the center about his or her p-ratio. 
The center will compare these two messages, and take one 
of the following steps: 

(1) If your message states a HIGHER p-ratio than that 
stated by Unit B, then your unit will be 
allocated most of the available inputs while 
Unit B will be allocated the remainder. 

(2) If your message states a LOWER p-ratio than that 
stated by Unit B, then Unit B will be allocated 
most of the available inputs and your unit will 
be allocated the remainder. 

(3) If your message states the SAME p-ratio as Unit 
B, then your unit and Unit B each will be 
allocated one-half the available inputs. 

Your performance as a unit operator will be measured 
in terms of the number of POINTS that you accumulate. The 
exact procedure for measuring and accumulating points will 
be explained in detail later. 

You can earn CASH by accumulating points each period. 
For every point that you accumulate, you will increase 
your chance of winning a cash prize in a lottery at the 
end of that period. 

This is the end of the overview of the experiment. 
Please turn to the next page for a more detailed 
description of your task. 
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TASK DESCRIPTION 

In this part, the following elements of your task are 
described in detail: 

^Determining your unit's actual p-ratio. 

^Sending a message about your unit's p-ratio to the 
center. 

^Measuring your performance as a unit operator. 

^Earning cash. 

Determining Your Unit's Actual P-Ratio 

On your table, there are a die and two urns, one 
yellow and one blue. Please take a moment to examine the 
die carefully and note that it is a standard, six-sided 
die. 

Next, take a moment to examine the Yellow urn. The 
Yellow urn contains forty chips labelled as follows: 

Chip's Number # of Chips in Yellow Urn 

Please take a moment to examine the contents of the Yellow 
urn carefully. When you are done, replace the cover on 
the urn. 

1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

6 (15%) 
12 (30%) 
10 (25%) 
4 (10%) 
4 (10%) 
4 (10%) 
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Next, take a moment to examine the Blue urn. The 
Blue urn contains forty chips labelled as follows: 

Chip's Number # of Chips in Blue Urn 

Please take a moment to examine the contents of the Blue 
urn carefully. When you are done, replace the cover on 
the urn. 

Your unit's ACTUAL P-RATIO (APR) will be determined 
as follows. At the beginning of each period, you will 
roll your die. The number that you roll indicates which 
urn you will draw a chip from to determine your unit's 
APR. A one, two, or three indicates that you will draw 
from the YELLOW URN. A four, five, or six indicates that 
you will draw from the BLUE URN. After you roll and we 
observe the number, I or my helper will hand you either a 
little Yellow or Blue box to indicate which urn you will 
draw from. Only you and I or my helper will ever know 
which number you roll and which urn you will draw from. 

Suppose that you roll either a one, two, or three, 
indicating that you will draw from the YELLOW urn to 
determine your APR. The number on the chip you draw from 
the YELLOW urn indicates your APR. That is, 6 chips 
indicate an APR of 1.5, 12 chips indicate an APR of 2.0, 
10 chips indicate an APR of 2.5, and so on. If you draw a 
chip labelled with a 3.0, then your unit's APR for the 
current round is 3.0. The average, expected p-ratio for 
the YELLOW um is 2.5. Your best estimate of what your 
APR will be for the period if you draw from the YELLOW urn 
is 2.5. 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

4 (10%) 
4 (10%) 
4 (10%) 
10 (25%) 
12 (30%) 
6 (15%) 
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Instead, suppose that you roll either a four, five, 
or six, indicating that you will draw from the BLUE urn to 
determine your APR. The number on the chip you draw from 
the BLUE urn indicates your APR. That is, 4 chips 
indicate an APR of 1.5, 4 chips indicate an APR of 2.0, 4 
chips indicate an APR of 2.5, and so on. If you draw a 
chip labelled with a 3.5, then your unit's APR for the 
current round is 3.5. The average, expected p-ratio for 
the BLUE urn is 3.0. Your best estimate of what your APR 
will be for the period if you draw from the BLUE urn is 
3.0. 

Please take a moment to examine the two urns again. 
The only difference between the two urns is the relative 
number, or percentage, of chips which indicate each 
possible APR. With the YELLOW urn, you have a greater 
chance of drawing a LOW APR for the period. With the BLUE 
urn, you have a greater chance of drawing a HIGH APR for 
the period. 

To summarize, you will roll your die when I or my 
helper reach your computer station. A one, two, or three 
means you will draw from the YELLOW um, and you will 
receive the yellow box. A four, five, or six means you 
will draw from the BLUE urn, and you will receive the blue 
box. 
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YELLOW URN 

Actual P-Ratio (APR) # of Chips in Yellow Urn 

1.5 6 (15%) 
2.0 12 (30%) 
2.5 10 (25%) 
3.0 4 (10%) 
3.5 4 (10%) 
4.0 4 (10%) 

The average, expected p-ratio for the YELLOW urn is 2.5. 
Your best estimate of what your APR will be if you draw 
from the YELLOW um is 2.5. 
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BLUE URN 

Actual P-Ratio (APR) # of Chips in Blue Urn 

1.5 4 (10%) 
2.0 4 (10%) 
2.5 4 (10%) 
3.0 10 (25%) 
3.5 12 (30%) 
4.0 6 (15%) 

The average, expected p-ratio for the BLUE urn is 3.0. 
Your best estimate of what your APR will be if you draw 
from the BLUE urn is 3.0. 
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However, after you roll your die to determine which 
urn you will draw from and you receive your box, BEFORE 
YOU DRAW A CHIP FROM EITHER THE YELLOW OR BLUE URN, you 
will be asked to send a message to the center. That is, 
you will not know your APR before sending your message. 
Sending a message to the center will be explained below. 

After you roll your die and send your message, you 
will draw from either the yellow or blue urn, depending on 
the number you roll as explained above. You will shake 
the urn and draw a chip WITHOUT LOOKING IN THE URN. Along 
with you, I or my helper will look at the chip you draw 
and note what your APR is for the period. 

The APR of Unit B will be determined independently, 
using the same procedure. Of course, you will not know 
Unit B's APR. 

Sending a Message to the Center 

Recall that you will send a message about your unit's 
p-ratio to the center before receiving any inputs. The 
message you send to the center regarding your p-ratio will 
indicate your PROJECTED P-RATIO (PPR). Unit B also will 
send a message which will indicate his or her unit's PPR. 

To send a message each period, you will fill in the 
following 

Please enter your Projected P-Ratio -> [ ] 

on your computer screen, pressing the "enter" key after 
your choice. Please take a moment to examine the screen, 
focusing on the upper, left-hand corner where you will 
send a message about your PPR. (The rest of the screen 
will be explained further in the remaining instructions.) 

To allocate inputs to you and Unit B, the center 
would like to know your best estimate for your APR for the 
period. However, for your message about your PPR, you may 
choose to send any one of the six possible p-ratios that 
can occur. That is, you may send any one of the 
following: 1.5; 2.0; 2.5; 3.0; 3.5; or, 4.u. Once you 
make your choice and hit the "enter" key, your PPR will be 
sent as a message to the center. 
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Period Si Agent St 

Please enter your Projected P-Ratlo ->[ ] Accumulated Total Earnings: 
[ ] 

Unit A Unit B 
Projected P-Ratio Total Points this Period: 
Allocated Inputs [ ] 
Budgeted Outputs 

Chance o£ Winning this Period: 
Please enter your Actual P-Ratlo ->[ ] [ %] 

Did you win this period(Y/N)? [ ] 

-History-
Period APR PPR Chance/Win Earnings 

% 
% 
% 
% 
% 
% 

Figure Al. Computer Screen: 
No Resource Consumption Groups. 
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There is a total of 100 inputs that the center will 
allocate between your unit and Unit B. The center will 
compare the messages sent by you and Unit B and allocate 
inputs as follows: 

(1) If your PPR is HIGHER than Unit B's, then your 
unit will be allocated 90 inputs while Unit B 
will be allocated only 10 inputs. 

(2) If your PPR is LOWER than Unit B's, then your 
unit will be allocated only 10 inputs while Unit 
B will be allocated 90 inputs. 

(3) If your PPR is the SAME as Unit B's, then your 
unit and Unit B each will be allocated 50 inputs. 

Then, the center will send a message back to you 
stating the number of inputs allocated to each unit. 
Additionally, the center's message will state the number 
of budgeted outputs for each unit. Each unit's budgeted 
outputs will equal its allocated inputs multiplied by its 
PPR. Please take a moment to examine your computer 
screen. You will find the center's message on the mid-
left of the screen. 

After the center has allocated inputs, either I or my 
helper will come to your computer station. You will shake 
the appropriate urn and draw a chip WITHOUT LOOKING IN THE 
URN. We will look at the chip you draw and note what 
your APR is for the period. Then, I or my helper will 
enter your APR on the lower, left-hand side of your 
computer screen. After everyone has determined his or her 
APR, the right-hand side of your computer screen will show 
your points from investment for the period, along with 
your chance of winning a cash prize in a lottery. Your 
points from investment and the lottery are explained 
below. 
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(Groves group only) 

Measuring Your Performance as a Onit Operator 

Your performance as a unit operator will be measured 
in terms of your POINTS earned from investment. Your 
investment points will depend on the following items: 

*YOUR UNIT'S ALLOCATED INPUTS. 

*UNIT B'S ALLOCATED INPUTS. 

*YOUR UNIT'S ACTUAL OUTPUTS, which are your unit's 
allocated inputs multiplied by your APR. 

*UNIT B'S BUDGETED OUTPUTS. which are Unit B's 
allocated inputs multiplied by its PPR. 

To measure your points, the above items will be 
combined according to the following steps: 

(1) Add the excess of YOUR UNIT'S ACTUAL OUTPUTS over 
YOUR UNIT'S ALLOCATED INPUTS. 

(2) Add the excess of UNIT B'S BUDGETED OUTPUTS over 
UNIT B'S ALLOCATED INPUTS. 

(3) Multiply the total of (1) and (2) by 0.25 to 
determine your total points from investment for 
the period. 

You can refer to your INVESTMENT POINTS schedule 
throughout the experiment as you are making your decisions 
about what PPR message to send to the center. 
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(Firm-profit-sharing group only) 

Measuring Your Performance as a Unit Operator 

Your performance as a unit operator will be measured 
in terms of your POINTS earned from investment. Your 
investment points will depend on the following items: 

*YOUR UNIT'S ALLOCATED INPUTS. 

*UNIT B'S ALLOCATED INPUTS. 

*YOUR UNIT'S ACTUAL OUTPUTS, which are your unit's 
allocated inputs multiplied by your APR. 

*UNIT B'S ACTUAL OUTPUTS, which are Unit B' S  

allocated inputs multiplied by its APR. 

To measure your points, the above items will be 
combined according to the following steps: 

(1) Add the excess of YOUR UNIT'S ACTUAL OUTPUTS over 
YOUR UNIT'S ALLOCATED INPUTS. 

(2) Add the excess of UNIT B'S ACTUAL OUTPUTS over 
UNIT B'S ALLOCATED INPUTS. 

(3) Multiply the total of (1) and (2) by 0.25 to 
determine your total points from investment for 
the period. 

You can refer to your INVESTMENT POINTS schedule 
throughout the experiment as you are making your decisions 
about what PPR message to send "to the center. 
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Measuring Your Performance as a Unit Operator 

Your performance as a unit operator will be measured 
in terms of your POINTS earned from investment. Your 
investment points will depend on the following items: 

*YOUR UNIT'S ALLOCATED INPUTS. 

*YOUR UNIT'S ACTUAL OUTPUTS, which are your unit's 
allocated inputs multiplied by your APR. 

*YOUR UNIT'S BUDGETED OUTPUTS, which are your unit's 
allocated inputs multiplied by your PPR. 

To measure your points, the above items will be 
combined according to the following steps: 

(1) Add the excess of YOUR UNIT'S ACTUAL OUTPUTS over 
YOUR UNIT'S ALLOCATED INPUTS. 

(2) Multiply (1) by 0.50 to determine your total 
points from investment for the period. 

(3) IMPORTANT: If your unit's ACTUAL outputs are 
less than your unit's BUDGETED outputs in any 
period, then you will automatically receive 1.0 
investment point for that period. 

You can refer to your INVESTMENT POINTS schedule 
throughout the experiment as you are making your decisions 
about what PPR message to send to the center. 
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INVESTMENT POINTS 

APR = 1.5 

Unit B's PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

23.75 
35.00 
"46.25 
57.50 
68.75 

Allocation* 

<50,50) 

12.50 
18.75 
25.00 
31.25 
37.50 
43.75 

(90.10) 

12.50 
13.75 
15.00 
16.25 
17.50 

APR =2.0 

Unit B's PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

25.00 
36.25 
47.50 
58.75 
70.00 

Allocation* 

(50.50) 

18.75 
25.00 
31.25 
37.50 
43.75 
50.00 

(90.10) 

23.75 
25.00 
26.25 
27.50 
28.75 

APR = 2.5 Allocation** 

Unit B's PPR (10.90) (50,50) (90.10) 

1.5 --- 25.00 35.00 
2.0 26.25 31.25 36.25 
2.5 37.50 37.50 37.50 
3.0 48.75 43.75 38.75 
3.5 60.00 50.00 40.00 
4.0 71.25 56.25 

Allocation (10,90): your PPR is LOWER than Unit B's PPR. 
Allocation (50,50): your PPR is EQUAL to Unit B's PPR. 
Allocation (90,10): your PPR is HIGHER than Unit B's PPR. 
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APR = 3.0 

Unit B's PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

27.50 
38.75 
50.00 
61.25 
72.50 

Allocation* 

(50,50) 

31.25 
37.50 
43.75 
50.00 
56.25 
62.50 

(90.10) 

46.25 
47.50 
48.75 
50.00 
51.25 

APR =3.5 Allocation" 

Unit B's PPR (10,90) (50,50) (90,10) 

1.5 37.50 57.50 
2.0 28.75 43.75 58.75 
2.5 40.00 50.00 60.00 
3.0 51.25 56.25 61.25 
3.5 62.50 62.50 62.50 
4.0 73.75 68.75 

APR = 4.0 Allocation" 

Unit B's PPR (10,90) (50,50) (90,10) 

1.5 43.75 68.75 
2.0 30.00 50.00 70.00 
2.5 41.25 56.25 71.25 
3.0 52.50 62.50 72.50 
3.5 63.75 68.75 73.75 
4.0 75.00 75.00 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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INVESTMENT POINTS 

APR = 1.5 Allocation** 

Unit B's APR (10.90) (50.50) (90.10) 

1.5 12.50 12.50 12.50 
2.0 23.75 18.75 13.75 
2.5 35.00 25.00 15.00 
3.0 46.25 31.25 16.25 
3.5 57.50 37.50 17.50 
4.0 68.75 43.75 18.75 

APR = 2.0 Allocation** 

Unit B's APR (10,90) (50.50) (90.10) 

1.5 13.75 18.75 23.75 
2.0 25.00 25.00 25.00 
2.5 36.25 31.25 26.25 
3.0 47.50 37.50 27.50 
3.5 58.75 43.75 28.75 
4.0 70.00 50.00 30.00 

APR = 2.5 Allocation** 

Unit B's APR (10.90) (50.50) (90.10) 

1.5 15.00 25.00 35.00 
2.0 26.25 31.25 36.25 
2.5 37.50 37.50 37.50 
3.0 48.75 43.75 38.75 
3.5 60.00 50.00 40.00 
4.0 71.25 56.25 41.25 

Allocation (10,90): your PPR is LOWER than Unit B's PPR. 
Allocation (50,50): your PPR is EQUAL to Unit B's PPR. 
Allocation (90,10): your PPR is HIGHER than Unit B's PPR. 



INVESTMENT POINTS (continued) 

228 

APR = 3.0 

Unit B's APR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10,90) 

16.25 
27.50 
38.75 
50.00 
61.25 
72.50 

Allocation* 

(50,50) 

31.25 
37.50 
43.75 
50.00 
56.25 
62.50 

(90.10) 

46.25 
47.50 
48.75 
50.00 
51.25 
52.50 

APR = 3.5 Allocation" 

Unit B's APR (10,90) (50.50) (90,10) 

1.5 17.50 37.50 57.50 
2.0 28.75 43.75 58.75 
2.5 40.00 50.00 60.00 
3.0 51.25 56.25 61.25 
3.5 62.50 62.50 62.50 
4.0 73.75 68.75 63.75 

APR = 4.0 Allocation** 

Unit B's APR (10,90) (50,50) (90,10) 

1.5 18.75 43.75 68.75 
2.0 30.00 50.00 70.00 
2.5 41.25 56.25 71.25 
3.0 52.50 62.50 72.50 
3.5 63.75 68.75 73.75 
4.0 75.00 75.00 75.00 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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INVESTMENT POINTS 

APR = 1.5 

Your PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10,90) 

2.5 
1.0 
1.0 
1.0 
1.0 

Allocation* 

(50.50) 

12.5 
1.0 
1.0 
1.0 
1.0 
1.0 

(90,10) 

1.0 
1.0 
1.0 
1.0 
1.0 

APR 2 . 0  

Your PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

5.0 
5.0 
1.0 
1.0 
1.0 

Allocation* 

(50.50) 

25.0 
25.0 
1.0 
1.0 
1.0 
1.0 

(90,10) 

45.0 
1.0 
1.0 
1.0 
1.0 

APR =2.5 

Your PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10f 90) 

7.5 
7.5 
7.5 
1.0 
1.0 

Allocation* 

(50,50) 

37.5 
37.5 
37.5 
1.0 
1.0 
1.0 

(90.10) 

67.5 
67.5 
1.0 
1.0 
1.0 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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INVESTMENT POINTS (continued) 

APR =3.0 

Your PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

10.0 
10.0 
10.0 
10.0 
1.0 

Allocation* 

(50.50) 

50.0 
50.0 
50.0 
50.0 
1.0 
1.0 

(90.10) 

90.0 
90.0 
90.0 
1.0 
1.0 

APR = 3.5 

Your PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10,90) 

12.5 
12.5 
12.5 
12.5 
12.5 

Allocation" 

(50.50) 

62.5 
62.5 
62.5 
62.5 
62.5 
1.0 

(90,10) 

112.5 
112.5 
112.5 
112.5 
1.0 

APR =4.0 

Your PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

15.0 
15.0 
15.0 
15.0 
15.0 

Allocation* 

(50.50) 

75.0 
75.0 
75.0 
75.0 
75.0 
75.0 

(90.10) 

135.0 
135.0 
135.0 
135.0 
135.0 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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Earning Cash 

You can earn CASH by accumulating investment points. 
FOR EVERY POINT THAT YOU ACCUMULATE EACH PERIOD, YOU WILL 
INCREASE YOUR CHANCE TO WIN A CASH PRIZE IN A LOTTERY AT 
THE END OF THE PERIOD. Schedule 1 indicates, by 
investment points, the chance of winning a $1.00 prize in 
a lottery for a given period. 

Suppose that you earned 50.00 points in the current 
period. By earning 50.00 points, you would have a 58% 
chance to win $1.00 cash prize for the period. You can 
refer to Schedule 1 while making decisions about your PPR. 
The lower, right-hand side of your computer screen will 
show your chance of winning the lottery based on the 
number of investment points you earned that period. 

The lottery will be played each period in the 
following way. I and my helper each have a lottery bag 
which contains chips labelled 1 to 100. Please take a 
moment to examine the lottery bag as we show it to you 
now. After determining the number of points earned for 
the period, you will draw a chip from the lottery bag. if 
the number of the chip you draw is EQUAL TO OR LESS THAN 
your % chance of winning the $1.00 prize (as determined by 
your investment points for this period), then you will win 
$1.00 for the period. If the number you draw is GREATER 
THAN your % chance of winning a $1.00 prize, then you will 
win $0.00 for the period. I or my helper will enter on 
your computer screen whether you won or lost after you 
play the lottery. All cash prizes will be totalled and 
paid to you at the end of the experiment. The upper, 
right-hand corner of your computer screen indicates your 
accumulated earnings throughout the experiment. 

Finally, note that the bottom of your computer screen 
will show a history of your APR, PPR, investment points, 
chance of winning the lottery, and earnings for each 
period. 
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(Unit-profit + penalty group only) 

Earning Cash 

You can earn CASH by accumulating investment points. 
FOR EVERY POINT THAT YOO ACCDMDLATE EACH PERIOD, YOU WILL 
INCREASE YODR CHANCE TO WIN A CASH PRIZE IN A LOTTERY AT 
THE END OF THE PERIOD. Schedule 1 indicates, by 
investment points, the chance of winning a $1.00 prize in 
a lottery for a given period. 

Suppose that you earned 67.5 points in the current 
period. By earning 67.5 points, you would have a 50% 
chance to win $1.00 cash prize for the period. You can 
refer to Schedule 1 while making decisions about your PPR. 
The lower, right-hand side of your computer screen will 
show your chance of winning the lottery based on the 
number of investment points you earned that period. 

The lottery will be played each period in the 
following way. I and my helper each have a lottery bag 
which contains chips labelled 1 to 100. Please take a 
moment to examine the lottery bag as we show it to you 
now. After determining the number of points earned for 
the period, you will draw a chip from the lottery bag. If 
the number of the chip you draw is EQUAL TO OR LESS THAN 
your % chance of winning the $1.00 prize (as determined by 
your investment points for this period), then you will win 
$1.00 for the period. If the number you draw is GREATER 
THAN your % chance of winning a $1.00 prize, then you will 
win $0.00 for the period. I or my helper will enter on 
your computer screen whether you won or lost after you 
play the lottery. All cash prizes will be totalled and 
paid to you at the end of the experiment. The upper, 
right-hand corner of your computer screen indicates your 
accumulated earnings throughout the experiment. 

Finally, note that the bottom of your computer screen 
will show a history of your APR, PPR, investment points, 
chance of winning the lottery, and earnings for each 
period. 
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SCHEDULE 1 

Investment Points Chance to W: 

12.50 10% 
13.75 12% 
15.00 13% 
16.25 15% 
17.50 16% 
18.75 18% 

23.75 24% 
25.00 26% 
26.25 28% 
27.50 29% 
28.75 31% 

30.00 32% 
31.25 34% 
35.00 39% 
36.25 40% 
37.50 42% 
38.75 44% 

40.00 45% 
41.25 47% 
43.75 50% 
46.25 53% 
47.50 55% 
48.75 56% 

50.00 58% 
51.25 60% 
52.50 61% 
56.25 66% 
57.50 68% 
58.75 69% 

60.00 71% 
61.25 72% 
62.50 74% 
63.75 76% 
68.75 82% 

70.00 84% 
71.25 85% 
72.50 87% 
73.75 88% 
75.00 90% 
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SCHEDULE 1 

Investment Points Chance to Win $1.00 

1.0 10% 
2.5 11% 
5.0 12% 
7.5 14% 

10.0 15% 
12.5 17% 
15.0 18% 

25.0 24% 

37.5 32% 

45.0 36% 

50.0 39% 

62.5 47% 
67.5 50% 

75.0 54% 

90.0 63% 

112.5 77% 

135.0 90% 
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Example Trials 

Before we begin the actual experiment, you will have 
the opportunity to learn your task by playing some example 
trials. In these examples, I have filled in below what 
your PPR and APR will be for the period. Please send the 
PPR which I have indicated for your message in each 
example. Then, I or my helper will come to your computer 
station and enter your APR as indicated. Finally, you 
will draw from the lottery bag after each example to 
determine whether you have won $1.00. Any money earned 
during the example trials also will be paid to you at the 
end of the experiment. 

Example 1. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are 
and your chance of winning $1.00 prize in the lottery 
is . 

Any questions before continuing? 
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Example 2. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of __ . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are 
and your chance of winning $1.00 prize in the lottery 
is . 

Any questions before continuing? 

Example 3. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are 
and your chance of winning $1.00 prize in the lottery 
is . 

Any questions before continuing? 
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Example 4. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are 
and your chance of winning $1.00 prize in the lottery 
is . 

Any questions before continuing? 
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Exhibit Al. No Resource Consumption Examples.28 

Groves Groups 

Subjects 1-3 Subjects 4-6 

Example Roll Urn EPR PPR APR Roll Urn EPR PPR APR 

1 3 Y 2.5 2.5 2.0 6 B 3.0 3.0 3.5 

2 3 Y 2.5 2.5 2.0 6 B 3.0 1.5 3.5 

3 3 Y 2.5 4.0 2.0 6 B 3.0 3.0 3.5 

4 3 Y 2.5 1.5 2.0 6 B 3.0 4.0 3.5 

Firm-profit-sharina Groups 

Subjects 1-3 Subjects 4-6 

Example Roll Urn EPR PPR APR Roll Urn EPR PPR APR 

1 3 Y 2.5 2.5 2.0 6 B 3.0 3.0 3.5 

2 3 Y 2.5 3.0 2.0 6 B 3.0 2.5 3.5 

3 6 B 3.0 1.5 4.0 3 Y 2.5 4.0 1.5 

4 6 B 3.0 3.5 4.0 3 Y 2.5 2.0 1.5 

Unit-profit + penalty Groups 

Subjects 1-3 Subjects 4-6 

Example Roll Urn EPR PPR APR Roll Urn EPR PPR APR 

1 3 Y 2.5 2.5 2.0 6 B 3.0 2.5 3.5 

2 3 Y 2.5 2.0 2.0 6 B 3.0 3.0 3.5 

3 6 B 3.0 2.5 3.5 3 Y 2.5 2.5 2.0 

4 6 B 3.0 3.0 3.5 3 Y 2.5 2.0 2.0 

"Throughout the examples, subjects 1-3 were always 
paired with subjects 4-6, respectively. The experimenter 
filled in the examples in the instructions before the run 
began, so that subjects could follow along in their 
instructions what was happening on their screens. 



239 

(Groves group only) 

Summary 

Your role is to serve as a unit operator in an 
organization. Your task includes the following steps: 

(1) You will find out which urn will be used to 
determine your unit's APR for the period. 

(2) You will send a message to the center stating a 
PPR for your unit. 

(3) You will be told the number of inputs allocated 
to each unit and each unit's budgeted outputs. 

(4) You will find out your unit's APR for the period. 

(5) Your performance as a unit operator will be 
measured in terms of investment points. Your 
points increase as your unit's actual outputs 
(net of allocated inputs) increase. Your points 
also increase as the Unit B's budgeted outputs 
(net of allocated inputs) increase. 

(6) Your chance of winning a cash prize in a lottery 
will be computed. Your chance will increase for 
every point that you accumulate for the period, 
(see Schedule 1) 

(7) You will play the lottery and determine whether 
you have won the cash prize. 

Any questions before beginning the experiment? 
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(Firm-profit-sharing group only) 

Summary 

Your role is to serve as a unit operator in an 
organization. Your task includes the following steps: 

(1) You will find out which urn will be used to 
determine your unit's APR for the period. 

(2) You will send a message to the center stating a 
PPR for your unit. 

(3) You will be told the number of inputs allocated 
to each unit and each unit's budgeted outputs. 

(4) You will find out your unit's APR for the period. 

(5) Your performance as a unit operator will be 
measured in terms of investment points. Your 
points increase as your unit's actual outputs 
(net of allocated inputs) increase. Your points 
also increase as Unit B's actual outputs (net of 
allocated inputs) increase. 

(6) Your chance of winning a cash prize in a lottery 
will be computed. Your chance will increase for 
every point that you accumulate for the period, 
(see Schedule 1) 

(7) You will play the lottery and determine whether 
you have won the cash prize. 

Any questions before beginning, the experiment? 
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(Unit-profit + penalty group only) 

Summary 

Your role is to serve as a unit operator in an 
organization. Your task includes the following steps: 

(1) You will find out which urn will be used to 
determine your unit's APR for the period. 

(2) You will send a message to the center stating a 
PPR for your unit. 

(3) You will be told the number of inputs allocated 
to each unit and each unit's budgeted outputs. 

(4) You will find out your unit's APR for the period. 

(5) Your performance as a unit operator will be 
measured in terms of investment points. Your 
points increase as your unit's actual outputs 
(net of allocated inputs) increase. However, if 
your unit's actual outputs are less than your 
unit's budgeted outputs in any period, you will 
receive only 1.0 investment point in that period. 

(6) Your chance of winning a cash prize in a lottery 
will be computed. Your chance will increase for 
every point that you accumulate for the period, 
(see Schedule 1) 

(7) You will play the lottery and determine whether 
you have won the cash prize. 

Any questions before beginning the experiment? 
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As in the first part of the experiment, you will roll 
your die when I or my helper reach your computer station. 
A one, two, or three still means you will draw from the 
YELLOW urn, and you will receive the yellow box. A four, 
five, or six still means you will draw from the BLUE urn, 
and you will receive the blue box. After you roll your 
die, you will send your PPR to the center. As before, for 
your message about your PPR, you may choose to send any 
one of the six possible p-ratios that can eventually 
occur. That is, you may send any one of the following: 
1.5; 2.0; 2.5; 3.0; 3.5; or, 4.0. Once you enter your 
choice, your PPR will be sent as a message to the center. 
The center will allocate inputs exactly as before. 

Once the center has allocated inputs, you will draw a 
chip from either the YELLOW or BLUE urn to determine your 
APR for the period. Once we have determined and entered 
your APR, your total points and your chance of winning 
$1.00 prize in the lottery will be computed using Schedule 
2 instead of Schedule 1. Please take a moment to examine 
Schedule 2. 

Any questions before continuing the experiment? 



(Both Groves and Firm-profit-sharing groups) 

SCHEDULE 2 

Investment Points Chance to Win $1.00 

12.50 10% 
13.75 25% 
15.00 34% 
16.25 40% 
17.50 44% 
18.75 48% 

23.75 58% 
25.00 60% 
26.25 61% 
27.50 63% 
28.75 65% 

30.00 66% 
31.25 67% 
35.00 71% 
36.25 72% 
37.50 73% 
38.75 73% 

40.00 74% 
41.25 75% 
43.75 77% 
46.25 78% 
47.50 79% 
48.75 80% 

50.00 80% 
51.25 81% 
52.50 81% 
56.25 83% 
57.50 84% 
58.75 84% 

60.00 85% 
61.25 85% 
62.50 86% 
63.75 86% 
68.75 88% 

70.00 88% 
71.25 89% 
72.50 89% 
73.75 90% 
75.00 90% 
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(Unit-profit + penalty group only) 

SCHEDULE 2 

Investment Points Chance to Win $1.00 

1.0 10% 
2.5 25% 
5.0 36% 
7.5 42% 

10.0 47% 
12.5 51% 
15.0 54% 

25.0 62% 

37.5 69% 

45.0 72% 

50.0 73% 

62.5 77% 
67.5 78% 

75.0 80% 

90.0 83% 

112.5 87% 

135.0 90% 
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Part II. Resource Consumption. 

(All incentive scheme groups) 

OVERVIEW 

Thank you for participating in this e:iperiment. If 
you make careful decisions, you can earn a considerable 
amount of cash. 

The experiment has several parts. First, you will 
receive an overview and detailed description of your task 
and how you can earn cash. Once the actual experiment 
begins, there will be several periods or repetitions of 
the task, so that there will be plenty of chances for you 
to earn cash. At the end of the experiment, you will be 
asked to fill out a questionnaire. 

Your role is to serve as the OPERATOR of a UNIT in an 
organization. The organization consists of your unit, 
another unit just like yours, and a CENTER. Each period 
you will be randomly paired with a different participant 
to form your two-unit organization. You will always be 
Unit A and the unit you are paired with will always be 
referred to as Unit B. The computer will serve as the 
center. 

The center allocates inputs between your unit and 
Unit B each period. Each unit is able to process inputs 
into outputs. The only way to obtain inputs is from the 
center. 

As the operator of Unit A, you will obtain 
information on how many outputs can be produced by your 
unit for any given number of inputs. For example, it may 
be the case that your unit could produce 25 outputs if it 
had 10 inputs, 50 outputs if it had 20 inputs, and so on. 
Let us refer to the ratio of outputs to inputs by the 
term, PRODUCTIVITY RATIO, or, P-RATIO, for short. In the 
above example, the p-ratio is 2.5. That is, 2.5 
multiplied by 10 inputs equals 25 outputs, 2.5 multiplied 
by 20 inputs equals 50 outputs, and so on. 
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At the beginning of each period, you will obtain 
information about your unit's p-ratio for that period. 
Your unit's p-ratio will be different each period. It is 
important to note that you are the only person in the 
organization who will know your unit's p-ratio. That is, 
neither the center nor Unit B's operator will know your 
unit's p-ratio. 

Unit B's p-ratio will be determined independently. 
Unit B's operator will be the only person in the 
organization who will know his or her unit's p-ratio. 

The center allocates inputs between your unit and 
Unit B as follows. You will send a message to the center 
about your unit's p-ratio. Unit B's operator also will 
send a message to the center about his or her p-ratio. 
The center will compare these two messages, and take one 
of the following steps: 

(1) If your message states a HIGHER p-ratio than that 
stated by Unit B, then your unit will be 
allocated most of the available inputs while Unit 
B will be allocated the remainder. 

(2) if your message states a LOWER p-ratio than that 
stated by Unit B, then unit B will be allocated 
most of the available inputs and your unit will 
be allocated the remainder. 

(3) If your message states the SAME p-ratio as Unit 
B, then your unit and Unit B each will be 
allocated one-half the available inputs. 

You can accumulate POINTS in two ways. First, your 
performance as a unit operator will be measured in terms 
of the number of INVESTMENT points that you accumulate by 
processing inputs into outputs. Second, you can exchange 
any portion of your inputs directly for EXCHANGE points. 
The exact procedures for measuring and accumulating points 
will be explained in detail later. 

You can earn CASH by accumulating points each period. 
For every point that you accumulate, you will increase 
your chance of winning a cash prize in a lottery at the 
end of that period. 

This is the end of the overview of the experiment. 
Please turn to the next page for a more detailed 
description of your task. 
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TASK DESCRIPTION 

In this part, the following elements of your task are 
described in detail: 

•Determining your unit's actual p-ratio. 

•Sending a message about your unit's p-ratio to the 
center. 

•Deciding what to do with allocated inputs. 

•Accumulating points. 

•Earning cash. 

Determining Your Unit's Actual P-Ratio 

On your table, there are a die and two urns, one 
yellow and one blue. Please take a moment to examine the 
die carefully and note that it is a standard, six-sided 
die. 

Next, take a moment to examine the Yellow urn. The 
Yellow urn contains forty chips labelled as follows: 

Chip's Number # of Chips in Yellow Urn 

Please take a moment to examine the contents of the Yellow 
urn carefully. When you are done, replace the cover on 
the urn. 

1.5 
2. G 
2.5 
3.0 
3.5 
4.0 

6 (15%) 
12 (30%) 
10 (25%) 
4 (10%) 
4 (10%) 
4 (10%) 
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Next, take a moment to examine the Blue urn. The 
Blue urn contains forty chips labelled as follows: 

Chip's Number # of Chips in Blue Urn 

Please take a moment to examine the contents of the Blue 
urn carefully, when you are done, replace the cover on 
the urn. 

Your unit's ACTUAL P-RATIO (APR) will be determined 
as follows. At the beginning of each period, you will 
roll your die. The number that you roll indicates which 
urn you will draw a chip from to determine your unit's 
APR. A one, two, or three indicates that you will draw 
from the YELLOW URN. A four, five, or six indicates that 
you will draw from the BLUE URN. After you roll and we 
observe the number, I or my helper will hand you either a 
little Yellow or Blue box to indicate which urn you will 
draw from. Only you and I or my helper will ever know 
which number you roll and which urn you will draw from. 

Suppose that you roll either a one, two, or three, 
indicating that you will draw from the YELLOW urn to 
determine your APR. The number on the chip you draw from 
the YELLOW urn indicates your APR. That is, 6 chips 
indicate an APR of 1.5, 12 chips indicate an APR of 2.0, 
10 chips indicate an APR of 2.5, and so on. If you draw a 
chip labelled with a 3.0, then your unit's APR for the 
current round is 3.0. The average, expected p-ratio for 
the YELLOW urn is 2.5. Your best estimate of what your 
APR will be for the period if you draw from the YELLOW urn 
is 2.5. 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

4 (10%) 
4 (10%) 
4 (10%) 
10 (25%) 
12 (30%) 
6 (15%) 
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Instead, suppose that you roll either a four, five, 
or six, indicating that you will draw from the BLUE urn to 
determine your APR. The number on the chip you draw from 
the BLUE urn indicates your APR. That is, 4 chips 
indicate an APR of 1.5, 4 chips indicate an APR of 2.0, 4 
chips indicate an APR of 2.5, and so on. If you draw a 
chip labelled with a 3.5, then your unit's APR for the 
current round is 3.5. The average, expected p-ratio for 
the BLUE urn is 3.0. Your best estimate of what your APR 
will be for the period if you draw from the BLUE urn is 
3.0. 

Please take a moment to examine the two urns again. 
The only difference between the two urns is the relative 
number, or percentage, of chips which indicate each 
possible APR, with the YELLOW urn, you have a greater 
chance of drawing a LOW APR for the period. With the BLUE 
urn, you have a greater chance of drawing a HIGH APR for 
the period. 

To summarize, you will roll your die when I or my 
helper reach your computer station. A one, two, or three 
means you will draw from the YELLOW urn, and you will 
receive the yellow box. A four, five, or six means you 
will draw from the BLUE urn, and you will receive the blue 
box. 
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YELLOW URN 

Actual P-Ratlo (APR) # of Chips in Yellow Urn 

1.5 6 (15%) 
2.0 12 (30%) 
2.5 10 (25%) 
3.0 4 (10%) 
3.5 4 (10%) 
4.0 4 (10%) 

The average, expected p-ratlo for the YELLOW urn ia 2.5. 
Your best estimate of what your APR will be if you draw 
from the YELLOW urn is 2.5. 
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BLUE URN 

Actual P-Ratio (APR) # of Chips in Blue Urn 

1.5 4 (10%) 
2.0 4 (10%) 
2.5 4 (10%) 
3.0 10 (25%) 
3.5 12 (30%) 
4.0 6 (15%) 

The average, expected p-ratio for the BLUE urn is 3.0. 
Your best estimate of what your APR will be if you draw 
from the BLUE urn is 3.0. 
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However, after you roll your die to determine which 
urn you will draw from and you receive your box, BEFORE 
YOU DRAW A CHIP FROM EITHER THE YELLOW OR BLUE URN, you 
will be asked to send a message to the center. Also, you 
will be asked to make a decision about how many allocated 
inputs to invest to produce outputs. That is, you will 
not know your APR before sending your message and making 
your investment decision. Sending a message to the center 
and your investment decision will be explained below. 

After you roll your die, send your message, and make 
your investment decision, you will draw from either the 
yellow or blue urn, depending on the number you roll as 
explained above. You will shake the urn and draw a chip 
WITHOUT LOOKING IN THE URN. Along with you, I or my 
helper will look at the chip you draw and note what your 
APR is for the period. 

The APR of Unit B will be determined independently, 
using the same procedure. Of course, you will not know 
Unit B's APR. 

Sending a Message to the Center 

Recall that you will send a message about your unit's 
p-ratio to the center before receiving any inputs. The 
message you send to the center regarding your p-ratio will 
indicate your PROJECTED P-RATIO (PPR). Unit B also will 
send a message which will indicate his or her unit's PPR. 

To send a message each period, you will fill in the 
following 

Please enter your Projected P-Ratio -> [ ] 

on your computer screen, pressing the "enter" key after 
your choice. Please take a moment to examine the screen, 
focusing on the upper, left-hand corner where you will 
send a message about your PPR. (The rest of the screen 
will be explained further in the remaining instructions.) 

To allocate inputs to you and Unit B, the center 
would like to know your best estimate for your APR for the 
period. However, for your message about your PPR, you may 
choose to send any one of the six possible p-ratios that 
can occur. That is, you may send any one of the 
following: 1.5; 2.0; 2.5; 3.0; 3.5; or, 4.0. Once you 
make your choice and hit the "enter" key, your PPR will be 
sent as a message to the center. 
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Period ft: 

Please enter your Projected P-Ratio ->[ 

Onit A Unit B 
Projected P-Ratio 
Allocated Inputs 
Budgeted Outputs 

Please enter your Investment 
Please enter your Actual P-Ratio 

- > [  

- > [  ] 

Agent #: 

Accumulated Total Earnings: 
[ ] 

Points this Period 
Chance of Winning 
Your Investment 
Pts. from Investment 
Your Exchange 
Pts. from Exchange 

Did you win this period(Y/N)? [ ] 

—History 
Period APR PPR Invest Exchange Net Pts. Chance/Win 

% 
% 
% 
% 
% 
% 

Earnings 

Figure A2. Computer Screen: 
Resource Consumption Groups. 
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There is a total of 100 inputs that the center will 
allocate between your unit and Unit B. The center will 
compare the messages sent by you and Unit B and allocate 
inputs as follows: 

(1) If your PPR is HIGHER than Unit B's, then your 
unit will be allocated 90 inputs while Unit B 
will be allocated only 10 inputs. 

(2) If your PPR is LOWER than Unit B's, then your 
unit will be allocated only 10 inputs while Unit 
B will be allocated 90 inputs. 

(3) If your PPR is the SAME as Unit B's, then your 
unit and Unit B each will be allocated 50 inputs. 

Then, the center will send a message back to you 
stating the number of inputs allocated to each unit. 
Additionally, the center's message will state the number 
of budgeted outputs for each unit. Each unit's budgeted 
outputs will equal its allocated inputs multiplied by its 
PPR. Please take a moment to examine your computer 
screen. You will find the center's message on the mid-
left of the screen. 

Deciding what to Do with Allocated Inputs 

Once your unit has been allocated inputs, you will 
decide what to do with them. There are two ways in which 
you can use the allocated inputs to accumulate POINTS: 

(1) Use any portion of the inputs to produce outputs, 
according to your unit's actual p-ratio. As 
explained below, the number of your unit's actual 
outputs will affect your INVESTMENT points. For 
every investment point that you accumulate, you 
will increase your chance of winning a cash prize 
in a lottery at the end of that period. 

(2) Exchange any portion of the inputs directly for 
EXCHANGE points. For every exchange point that 
you accumulate, you also will increase your 
chance of winning a cash prize in a lottery at 
the end of that period. 
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In the lower, left-hand corner of your computer 
screen, underneath the message from the center, you will 
fill in the following 

Please enter your Investment -> [ ] 

pressing the "enter" key after your choice. To make your 
decision, you will enter the number of inputs that you 
want to invest to produce outputs in the space provided. 
The number of inputs that you want to exchange directly 
for points will be the difference between your allocated 
inputs and your invested inputs. That is, allocated 
inputs minus your invested inputs, as entered above, will 
always equal your inputs exchanged directly for points. 
(The sum of invested inputs and exchanged inputs will 
always equal the total inputs allocated to your unit.) 

IMPORTANT: The number vou will enter on your 
computer screen is the number of inputs that vou wish to 
invest to produce outputs. The computer will take the 
balance of inputs left over (if any) after you enter your 
investment decision above and automatically exchange the 
remaining inputs directly for points. 

After the center has allocated inputs and you have 
made your investment decision, either I or my helper will 
come to your computer station. You will shake the 
appropriate urn and draw a chip WITHOUT LOOKING IN THE 
URN. We will look at the chip you draw and note what 
your APR is for the period. Then, I or my helper will 
enter your APR on the lower, left-hand side of your 
computer screen. After everyone has determined his or her 
APR, the right-hand side of your computer screen will show 
your points from investment and exchange for the period, 
along with your chance of winning a cash prize in a 
lottery. Measuring your points from investment and 
exchange are discussed in the following section. 
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(Groves group only) 

Accumulating Points 

Recall that you can accumulate POINTS in two ways. 
First, your performance as a unit operator will be 
measured in terms of the number of INVESTMENT points that 
you accumulate by processing inputs into outputs. Second, 
you can exchange any portion of your inputs directly for 
EXCHANGE points. Each of these are discussed below. 

Measuring Your Performance as a Unit Operator 

Your investment points will depend on the following 
items: 

*YOUR UNIT'S ALLOCATED INPUTS. 

*YOUR UNIT'S INVESTED INPUTS. 

*YOUR UNIT'S ACTUAL OUTPUTS, which are your unit's 
invested inputs multiplied by your APR. 

*UNIT B'S ALLOCATED INPUTS. 

*UNIT B'S BUDGETED OUTPUTS, which are Unit B'S 
allocated inputs multiplied by its PPR. 

To measure your points, the above items will be 
combined according to the following steps: 

(1) Add the excess of YOUR UNIT'S ACTUAL OUTPUTS over 
YOUR UNIT'S ALLOCATED INPUTS. 

(2) Add the excess Of UNIT B'S BUDGETED OUTPUTS over 
UNIT B'S ALLOCATED INPUTS. 

(3) Multiply the total of (1) and (2) by 0.25 to 
determine your total points from investment for 
the period. 

(4) IMPORTANT: If the total of (1) and (2) are less 
than zero in any period, then you will 
automatically receive 0.0 investment points for 
that period. 
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You can refer to your INVESTMENT POINTS schedule 
throughout the experiment as you are making your decisions 
about what PPR message to send to the center, and about 
how many inputs to invest. 

Exchanging Inputs Directly for Points 

Your points accumulated by exchanging inputs directly 
will be measured according to your EXCHANGE POINTS 
schedule, which you can refer to while making your 
decisions about what PPR message to send to the center, 
and about how many inputs to invest. 
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(Firm-profit-sharing group only) 

Accumulating Points 

Recall that you can accumulate POINTS in two ways. 
First, your performance as a unit operator will be 
measured in terms of the number of INVESTMENT points that 
you accumulate by processing inputs into outputs. Second, 
you can exchange any portion of your inputs directly for 
EXCHANGE points. Each of these are discussed below. 

Measuring Your Performance as a Unit Operator 

Your performance as a unit operator will be measured 
in terms of your POINTS earned from investment. Your 
investment points will depend on the following items: 

*YOUR UNIT'S ALLOCATED INPUTS. 

*UNIT B'S ALLOCATED INPUTS. 

*YOUR UNIT'S ACTUAL OUTPUTS, which are your unit's 
allocated inputs multiplied by your APR. 

*UNIT B'S ACTUAL OUTPUTS, which are Unit B's 
allocated inputs multiplied by its APR. 

To measure your points, the above items will be 
combined according to the following steps: 

(1) Add the excess of YOUR UNIT'S ACTUAL OUTPUTS over 
YOUR UNIT'S ALLOCATED INPUTS. 

(2) Add the excess of UNIT B'S ACTUAL OUTPUTS over 
UNIT B'S ALLOCATED INPUTS. 

(3) Multiply the total of (1) and (2) by 0.25 to 
determine your total points from investment for 
the period. 

(4) IMPORTANT: If the total of (1) and (2) are less 
than zero in any period, then you will 
automatically receive 0.0 investment points for 
that period. 
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You can refer to your INVESTMENT POINTS schedule 
throughout the experiment as you are making your decisions 
about what PPR message to send to the center, and about 
how many inputs to invest. 

Exchanging Inputs Directly for Points 

Your points accumulated by exchanging inputs directly 
will be measured according to your EXCHANGE POINTS 
schedule, which you can refer to while making your 
decisions about what PPR message to send to the center, 
and about how many inputs to invest. 
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(Unit-profit + penalty group only) 

Accumulating Points 

Recall that you can accumulate POINTS in two ways. 
First, your performance as a unit operator will be 
measured in terms of the number of INVESTMENT points that 
you accumulate by processing inputs into outputs. Second, 
you can exchange any portion of your inputs directly for 
EXCHANGE points. Each of these are discussed below. 

Measuring Your Performance as a Unit Operator 

Your performance as a unit operator will be measured 
in terms of your POINTS earned from investment. Your 
investment points will depend on the following items: 

*YOUR UNIT'S ALLOCATED INPUTS. 

*YOUR UNIT'S ACTUAL OUTPUTS, which are your unit's 
allocated inputs multiplied by your APR. 

*YOUR UNIT'S BUDGETED OUTPUTS, which are your unit's 
allocated inputs multiplied by your PPR. 

To measure your points, the above items will be 
combined according to the following steps: 

(1) Add the excess of YOUR UNIT'S ACTUAL OUTPUTS over 
YOUR UNIT'S ALLOCATED INPUTS. 

(2) Multiply (1) by 0.50 to determine your total 
points from investment for the period. 

(3) IMPORTANT: If your unit's ACTUAL outputs are 
less than your unit's BUDGETED outputs in any 
period, then you will automatically receive 1.0 
investment point for that period. 
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You can refer to your INVESTMENT POINTS schedule 
throughout the experiment as you are making your decisions 
about what PPR message to send to the center, and about 
how many inputs to invest. 

Exchanging Inputs Directly for Points 

Your points accumulated by exchanging inputs directly 
will be measured according to your EXCHANGE POINTS 
schedule, which you can refer to while making your 
decisions about what PPR message to send to the center, 
and about how many inputs to invest. 

IMPORTANT: If your unit's ACTUAL outputs are less 
than your unit's BUDGETED outputs in any period, then 
you will automatically receive 0.0 exchange points 
for that period. 
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(Groves group only) 

INVESTMENT POINTS 

APR = 1.5 

Unit B's PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

23.75 
35.00 
46.25 
57.50 
68.75 

Allocation* 

(50.50) 

12.50 
18.75 
25.00 
31.25 
37.50 
43.75 

(90.10) 

12.50 
13.75 
15.00 
16.25 
17.50 

APR =2.0 

Unit B's PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

25.00 
36.25 
47.50 
58.75 
70.00 

Allocation* 

(50.50) 

18.75 
25.00 
31.25 
37.50 
43.75 
50.00 

(90.10) 

23.75 
25.00 
26.25 
27.50 
28.75 

APR =2.5 

Unit B'S PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

26.25 
37.50 
48.75 
60.00 
71.25 

Allocation** 

(50.50) 

25.00 
31.25 
37.50 
43.75 
50.00 
56.25 

(90.10) 

35.00 
36.25 
37.50 
38.75 
40.00 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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INVESTMENT POINTS (continued) 

APR =3.0 

Unit B's PPR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10,90) 

27.50 
38.75 
50.00 
61.25 
72.50 

Allocation* 

(50,50) 

31.25 
37.50 
43.75 
50.00 
56.25 
62.50 

(90.10) 

46.25 
47.50 
48.75 
50.00 
51.25 

APR = 3.5 Allocation** 

Unit B's PPR (10.90) (50,50) (90.10) 

1.5 37.50 57.50 
2.0 28.75 43.75 58.75 
2.5 40.00 50.00 60.00 
3.0 51.25 56.25 61.25 
3.5 62.50 62.50 62.50 
4.0 73.75 68.75 

APR = 4.0 Allocation** 

Unit B's PPR (10.90) (50.50) (90.10) 

1.5 43.75 68.75 
2.0 30.00 50.00 70.00 
2.5 41.25 56.25 71.25 
3.0 52.50 62.50 72.50 
3.5 63.75 68.75 73.75 
4.0 75.00 75.00 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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(Firm-profit-sharing group only) 

INVESTMENT POINTS 

APR = 1.5 Allocation** 

Unit B's APR (10,90) (50.50) (90,10) 

1.5 12.50 12.50 12.50 
2.0 23.75 18.75 13.75 
2.5 35.00 25.00 15.00 
3.0 46.25 31.25 16.25 
3.5 57.50 37.50 17.50 
4.0 68;75 43.75 18.75 

APR =2.0 Allocation* 

Unit B'S APR 

1.5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10,90) 

13.75 
25.00 
36.25 
47.50 
58.75 
70.00 

(50.50) 

18.75 
25.00 
31.25 
37.50 
43.75 
50.00 

(90,10) 

23.75 
25.00 
26.25 
27.50 
28.75 
30.00 

APR =2.5 

Unit B'S APR 

1.-5 
2 . 0  
2.5 
3.0 
3.5 
4.0 

(10.90) 

15.00 
26.25 
37.50 
48.75 
60.00 
71.25 

Allocation* 

(50,50) 

25.00 
31.25 
37.50 
43.75 
50.00 
56.25 

(90.10) 

35.00 
36.25 
37.50 
38.75 
40.00 
41.25 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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INVESTMENT POINTS (continued) 

APR = 3.0 Allocation** 

Unit B'B APR (10.90) (50.50) (90.10) 

1.5 16.25 31.25 46.25 
2.0 27.50 37.50 47.50 
2.5 38.75 43.75 48.75 
3.0 50.00 50.00 50.00 
3.5 61.25 56.25 51.25 
4.0 72.50 62.50 52.50 

APR = 3.5 Allocation** 

Unit B's APR (10.90) (50.50) (90.10) 

1.5 17.50 37.50 57.50 
2.0 28.75 43.75 58.75 
2.5 40.00 50.00 60.00 
3.0 51.25 56.25 61.25 
3.5 62.50 62.50 62.50 
4.0 73.75 68.75 63.75 

APR =4.0 Allocation" 

Unit B's APR (10.90) (50,50) (90.10) 

1.5 18.75 43.75 68.75 
2.0 30.00 50.00 70.00 
2.5 41.25 56.25 71.25 
3.0 52.50 62.50 72.50 
3.5 63.75 68.75 73.75 
4.0 75.00 75.00 75.00 

Allocation (10,90): your PPR 
Allocation (50,50): your PPR 
Allocation (90,10): your PPR 

is LOWER than Unit B's PPR. 
is EQUAL to Unit B's PPR. 
is HIGHER than Unit B's PPR. 
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(Unit-profit + penalty group only) 

INVESTMENT POINTS 

APR =1.5 

Your PPR (10,90) (50.50) (90,10) 

1.5 2.5 12.5 _ _ __ 
2.0 1.0 1.0 1.0 
2.5 1.0 1.0 1.0 
3.0 1.0 1.0 1.0 
3.5 1.0 1.0 1.0 
4.0 — — — 1.0 1.0 

APR =2.0 Allocation" 

Your PPR (10.90) (50.50) (90.10) 

1.5 5.0 25.0 — — — 

2.0 5.0 25.0 45.0 
2.5 1.0 1.0 1.0 
3.0 1.0 1.0 1.0 
3.5 1.0 1.0 1.0 
4.0 — — — 1.0 1.0 

APR =2.5 Allocation** 

Your PPR (10.90) (50.50) (90.10) 

1.5 7.5 37.5 _ _ _ 
2.0 7.5 37.5 67.5 
2.5 7.5 37.5 67.5 
3.0 1.0 1.0 1.0 
3.5 1.0 1.0 1.0 
4.0 1.0 1.0 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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INVESTMENT POINTS (continued) 

APR = 3.0 Allocation" 

Your PPR (10.90) (50.50) (90.10) 

1.5 10.0 50.0 
2.0 10.0 50.0 90.0 
2.5 10.0 50.0 90.0 
3.0 10.0 50.0 90.0 
3.5 1.0 1.0 1.0 
4.0 1.0 1.0 

APR = 3.5 Allocation** 

Your PPR (10,90) (50,50) (90,10) 

1.5 12.5 62.5 
2.0 12.5 62.5 112.5 
2.5 12.5 62.5 112.5 
3.0 12.5 62.5 112.5 
3.5 12.5 62.5 112.5 
4.0 --- 1.0 1.0 

APR = 4.0 Allocation** 

Your PPR (10.90) (50.50) (90.10) 

1.5 15.0 75.0 
2.0 15.0 75.0 135.0 
2.5 15.0 75.0 135.0 
3.0 15.0 75.0 135.0 
3.5 15.0 75.0 135.0 
4.0 --- 75.0 135.0 

Allocation (10,90) 
Allocation (50,50) 
Allocation (90,10) 

your PPR is LOWER than Unit B's PPR. 
your PPR is EQUAL to Unit B's PPR. 
your PPR is HIGHER than Unit B's PPR. 
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EXCHANGE POINTS 

Exchanged Cumulative Points for One More 
Inputs Exchange Points Exchanged Input 

0 0.0 1.5 
1 1.5 1.4 
2 2.9 1.3 
3 4.2 1.2 
4 5.4 1.1 
5 6.5 1.0 
6 7.5 0.9 
7 8.4 0.8 
8 9.2 0.7 
9 9.9 0.6 

10 10.5 0.5 
11 11.0 0.4 
12 11.4 0.3 
13 11.7 0.2 
14 11.9 0.1 
15 12.0 0.0 
16-90 12.0 0.0 
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(Groves group only) 

Earning Cash 

You can earn CASH by accumulating both investment and 
exchange points. FOR EVERY POINT THAT YOD ACCUMULATE EACH 
PERIOD, YOU WILL INCREASE YOUR CHANCE TO WIN A CASH PRIZE 
IN A LOTTERY AT THE END OF THE PERIOD. Schedule 1 
indicates, both by investment and exchange points, the 
chance of winning a $1.00 prize in a lottery for a given 
period. 

Suppose that you earned 38.75 investment points in 
the current period. Also, suppose that you exchanged 
inputs and gained 10.5 exchange points. By earning 38.75 
investment points and 10.5 exchange points, you would have 
a 56% chance to win $1.00 cash prize for the period. You 
can refer to Schedule 1 while making decisions about your 
PPR and investment. The upper, right-hand side of your 
computer screen will show your chance of winning the 
lottery based on the number of investment and exchange 
points you earned that period. 

The lottery will be played each period in the 
following way. I and my helper each have a lottery bag 
which contains chips labelled 1 to 100. Please take a 
moment to examine the lottery bag as we show it to you 
now. After determining the number of points earned for 
the period, you will draw a chip from the lottery bag. If 
the number of the chip you draw is EQUAL TO OR LESS THAN 
your % chance of winning the $1.00 prize (as determined by 
your investment and exchange points for this period), then 
you will win $1.00 for the period. If the number you draw 
is GREATER THAN your % chance of winning a $1.00 prize, 
then you will win $0.00 for the period. I or my helper 
will enter on your computer screen whether you won or lost 
after you play the lottery. All cash prizes will be 
totalled and paid to you at the end of the experiment. 
The top, right-hand corner of your computer screen 
indicates your accumulated earnings throughout the 
experiment. 

Finally, note that the bottom of your computer screen 
will show a history of your APR, PPR, inputs invested and 
exchanged, net points^, chance of winning the lottery, and 
earnings for each period. 
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(Firm-profit-sharing group only) 

Earning Cash 

You can earn CASH by accumulating both investment and 
exchange points. FOR EVERY POINT THAT YOU ACCUMULATE EACH 
PERIOD, YOU WILL INCREASE YOUR CHANCE TO WIN A CASH PRIZE 
IN A LOTTERY AT THE END OF THE PERIOD. Schedule 1 
indicates, both by investment and exchange points, the 
chance of winning a $1.00 prize in a lottery for a given 
period. 

Suppose that you earned 37.5 investment points in the 
current period. Also, suppose that you exchanged inputs 
and gained 10.5 exchange points. By earning 37.5 
investment points and 10.5 exchange points, you would have 
a 60% chance to win $1.00 cash prize for the period. You 
can refer to Schedule 1 while making decisions about your 
PPR and investment. The upper, right-hand side of your 
computer screen will show your chance of winning the 
lottery based on the number of investment and exchange 
points you earned that period. 

The lottery will be played each period in the 
following way. I and my helper each have a lottery bag 
which contains chips labelled 1 to 100. Please take a 
moment to examine the lottery bag as we show it to you 
now. After determining the number of points earned for 
the period, you will draw a chip from the lottery bag. If 
the number of the chip you draw is EQUAL TO OR LESS THAN 
your % chance of winning the $1.00 prize (as determined by 
your investment and exchange points for this period), then 
you will win $1.00 for the period. If the number you draw 
is GREATER THAN your % chance of winning a $1.00 prize, 
then you will win $0.00 for the period. I or my helper 
will enter on your computer screen whether you won or lost 
after you play the lottery. All cash prizes will be 
totalled and paid to you at the end of the experiment. 
The top, right-hand corner of your computer screen 
indicates your accumulated earnings throughout the 
experiment. 

Finally, note that the bottom of your computer screen 
will show a history of your APR, PPR, inputs invested and 
exchanged, net points, chance of winning the lottery, and 
earnings for each period. 
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(Unit-profit + penalty group only) 

Earning Cash 

You can earn CASH by accumulating both investment and 
exchange points. FOR EVERY POINT THAT YOU ACCUMULATE EACH 
PERIOD, YOU WILL INCREASE YOUR CHANCE TO WIN A CASH PRIZE 
IN A LOTTERY AT THE END OF THE PERIOD. Schedule 1 
indicates, both by investment and exchange points, the 
chance of winning a $1.00 prize in a lottery for a given 
period. 

Suppose that you earned 75.0 investment points in the 
current period. Also, suppose that you exchanged inputs 
and gained 10.5 exchange points. By earning 75.0 
investment points and 10.5 exchange points, you would have 
a 60% chance to win $1.00 cash prize for the period. You 
can refer to Schedule 1 while making decisions about your 
PPR and investment. The upper, right-hand side of your 
computer screen will show your chance of winning the 
lottery based on the number of investment and exchange 
points you earned that period. 

The lottery will be played each period in the 
following way. I and s?y helper each have a lottery bag 
which contains chips labelled 1 to 100. Please take a 
moment to examine the lottery bag as we show it to you 
now. After determining the number of points earned for 
the period, you will draw a chip from the lottery bag. If 
the number of the chip you draw is EQUAL TO OR LESS THAN 
your % chance of winning the $1.00 prize (as determined by 
your investment and exchange points for this period), then 
you will win $1.00 for the period. If the number you draw 
is GREATER THAN your % chance of winning a $1.00 prize, 
then you will win $0.00 for the period. I or my helper 
will enter on your computer screen whether you won or lost 
after you play the lottery. All cash prizes will be 
totalled and paid to you at the end of the experiment. 
The top, right-hand corner of your computer screen 
indicates your accumulated earnings throughout the 
experiment. 

Finally, note that the bottom of your computer screen 
will show a history of your APR, PPR, inputs invested and 
exchanged, net points, chance of winning the lottery, and 
earnings for each period. 



272 

(Groves group only) 

SCHEDULE 1 

(1) (2) 
Investment %-Chanca from Exchange %-Chance from 
Points Invested Inputs Points Exchanaed Inputs 

0.00 0% 0.0 0% 
1.5 2% 

12.50 16% 2.9 4% 
13.75 17% 4.2 5% 
15.00 19% 5.4 7% 
16.25 20% 6.5 8% 
17.50 22% 7.5 9% 
18.75 23% 8.4 10% 

9.2 11% 
23.75 30% 9.9 12% 
25.00 31% 10.5 13% 
26.25 33% 11.0 14% 
27.50 34% 11.4 14% 
28.75 36% 11.7 15% 

11.9 15% 
30.00 37% 12.0 15% 
31.25 39% 
35.00 43% 
36.25 45% 
37.50 47% 
38.75 48% 

40.00 50% 
41.25 51% 
43.75 54% 
46.25 57% 
47.50 59% 
48.75 61% 

50.00 62% Chance to Win $1.00 
51.25 64% 
52.50 65% To figure your chance to win 
56.25 70% $1.00 each period. add (1) and (2). 
57.50 71% IText. subtract (3), where (3) always 
58.75 73% equals 5%. 

60.00 75% 
61.25 76% 
62.50 78% 
63.75 79% 
68.75 85% 

70.00 87% 
71.25 88% 
72.50 90% 
73.75 92% 
75.00 93% 
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(Firm-profit-sharing group only) 

SCHEDULE 1 

(1) (2) 
Investment %-Chance from Exchange %-Chance from 
Points Invested Inputs Points Exchanaed Inputs 

0.00 0% 0.0 0% 
1.5 2% 

12.50 13% 2.9 3% 
13.75 14% 4.2 4% 
15.00 16% 5.4 6% 
16.25 17% 6.5 7% 
17.50 18% 7.5 8% 
18.75 20% 8.4 9% 

9.2 10% 
23.75 25% 9.9 10% 
25.00 26% 10.5 11% 
26.25 27% 11.0 12% 
27.50 29% 11.4 12% 
28.75 30% 11.7 12% 

11.9 12% 
30.00 31% 12.0 13% 
31.25 33% 
35.00 37% 
36.25 38% 
37.50 39% 
38.75 41% 

40.00 42% 
41.25 43% 
43.75 46% 
46.25 48% 
47.50 50% 
48.75 51% 

50.00 52% Chance to Win $1.00 
51.25 54% 

Win $1.00 

52.50 55% To figure your chance to win 
56.25 59% $1.00 each period. add (1) and (2). 
57.50 60% Next, add (3), where (3) always 
58.75 61% equals 10%. 

60.00 63% 
61.25 64% 
62.50 65% 
63.75 67% 
68.75 72% 

70.00 73% 
71.25 75% 
72.50 76% 
73.75 77% 
75.00 78% 
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SCHEDULE 1 

Investment 
Points 

%-Chance from 
Invested Inputs 

1.0 1% 
2.5 1% 
5.0 3% 
7.5 4% 

10.0 6% 
12.5 7% 
15.0 9% 

25.0 15% 

37.5 22% 

45.0 27% 

50.0 30% 

62.5 37% 
67.5 40% 

75.0 45% 

90.0 54% 

112.5 67% 

135.0 81% 

(2) 
Exchange %-Chanco from 
Points Exchanged Inputs 

0.0 0% 
1.5 1% 
2.9 2% 
4.2 3% 
5.4 3% 
6.5 4% 
7.5 4% 
8.4 5% 
9.2 ». 5% 
9.9 6% 
10.5 6% 
11.0 7% 
11.4 7% 
11.7 7% 
11.9 7% 
12.0 7% 

Chance to Win $1.00 

To figure your chance to win 
$1.00 each period, add (1) and (2). 
Next, add (3), where (3) always 
equals 9%. 
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Example Trials 

Before we begin the actual experiment, you will have 
the opportunity to learn your task by playing some example 
trials. In these examples, I have filled in below what 
your PPR, invested inputs, and APR will be for the period. 
Please send the PPR which I have indicated for your 
message in each example. Next, enter the investment 
decision which is indicated. Then, I or my helper will 
come to your computer station and enter your APR as 
indicated. Finally, you will draw from the lottery bag 
after each example to determine whether you have won 
$1.00. Any money earned during the example trials also 
will be paid to you at the end of the experiment. 

Example 1. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Now, suppose that you decide to invest 
inputs. By investing , you will exchange 

inputs automatically. 

Please send your investment decision now. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are . 
Your exchange points are . 
Your chance of winning $1.00 prize in the lottery is 

Any questions before continuing? 
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Example 2. Suppose you roll a , indicating 
you will draw from the urn; Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Now, suppose that you decide to invest 
inputs. By investing , you will exchange 

inputs automatically. 

Please send your investment decision now. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are . 
Your exchange points are . 
Your chance of winning $1.00 prize in the lottery is 

Any questions before continuing? 
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Example 3. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Now, suppose that you decide to invest 
inputs. By investing , you will exchange 

inputs automatically. 

Please send your investment decision now. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are . 
Your exchange points are . 
Your chance of winning $1.00 prize in the lottery is 

Any questions before continuing? 
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Example 4. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Now, suppose that you decide to invest 
inputs. By investing , you will exchange 

inputs automatically. 

Please send your investment decision now. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are . 
Your exchange points are . 
Your chance of winning $1.00 prize in the lottery is 

Any questions before continuing? 
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Example 5. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of . 

Please send your PPR message now and take a moment to 
examine the center's message. 

Nov?, suppose that you decide to invest 
inputs. By investing , you will exchange 

inputs automatically. 

Please send your investment decision now. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are . 
Your exchange points are . 
Your chance of winning $1.00 prize in the lottery is 

Any questions before continuing? 
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Example 6. Suppose you roll a , indicating 
you will draw from the urn. Your BEST 
ESTIMATE for your APR is . 

Suppose that you decide to send a PPR of -

Please send your PPR message now and take a moment to 
examine the center's message. 

Now, suppose that you decide to invest 
inputs. By investing , you will exchange 

inputs automatically. 

Please send your investment decision now. 

Next, suppose that you draw from the urn 
and determine that your APR for the period is . 

Please wait for I or my helper to enter your APR 

Your investment points are . 
Your exchange points are . 
Your chance of winning $1.00 prize in the lottery is 

Any questions before continuing? 
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Exhibit A2. Resource Consumption Examples. 

Groves Groupa 

Subjects 1-3 Subjects 4-6 

Example Roll Urn EPR PPR Inv APR Roll Urn EPR PPR Inv APR 

1 3 Y 2.5 2.5 10 2.0 6 B 3.0 3.0 90 3.5 

2 3 Y 2.5 2.5 90 2.0 6 B 3.0 1.5 10 3.5 

3 3 Y 2.5 4.0 90 2.0 6 B 3.0 3.0 10 3.5 

4 3 Y 2.5 1.5 10 2.0 6 B 3.0 4.0 90 3.5 

5 3 Y 2.5 1.5 5 2.0 6 B 3.0 4.0 80 3.5 

6 3 Y 2.5 1.5 1 2.0 6 B 3.0 4.0 84 3.5 

Firm-profit-sharing Groups 

Subjects 1-3 Subjects 4-6 

Example Roll Urn EPR PPR Inv APR Roll Urn EPR PPR Inv APR 

1 3 Y 2.5 2.5 10 2.0 6 B 3.0 3.0 90 3.5 

2 3 Y 2.5 2.5 90 2.0 6 B 3.0 2.5 10 3.5 

3 6 B 3.0 1.5 10 4.0 3 Y 2.5 4.0 90 1.5 

4 6 B 3.0 3.5 90 4.0 3 Y to
 

in
 

2.0 10 1.5 

5 6 B 3.0 3.5 80 4.0 3 Y 2.5 2.0 5 1.5 

6 6 B 3.0 3.5 85 4.0 3 Y 2.5 2.0 1 1.5 

Unit-profit + penalty Groupa 

Subjects 1-3 Subjecta 4-6 

Example Roll Urn EPR PPR Inv APR Roll Urn EPR PPR Inv APR 

1 3 Y 2.5 2.5 50 2.0 6 B 3.0 2.5 50 3.5 

2 3 Y 2.5 2.0 10 2.0 6 B 3.0 3.0 90 3.5 

3 6 B 3.0 2.5 50 3.5 6 B 3.0 2.5 50 2.0 

4 6 B 3.0 3.0 90 3.5 6 B 3.0 2.0 10 2.0 

5 6 B 3.0 3.0 38 4.0 6 B 3.0 3.0 38 4.0 

6 6 B 3.0 3.0 45 4.0 6 B 3.0 3.0 45 4.0 
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(Groves group only) 

Summary 

Your role is to serve as a unit operator in an 
organization. Your task includes the following steps: 

(1) You will find out which urn will be used to 
determine your unit's APR for the period. 

(2) You will send a message to the center stating a 
PPR for your unit. 

(3) You will be told the number of inputs allocated 
to each unit and each unit's budgeted outputs. 

(4) You will decide the portion of your unit's 
allocated inputs that will be invested to produce 
outputs and the portion that will be exchanged 
directly for points. 

(5) You will find out your unit's APR for the period. 

(6) Your performance as a unit operator will be 
measured in terms of investment points: (a) your 
points increase as your unit's actual outputs 
(net of allocated inputs) increase; and, (b) your 
points also increase as the Unit B's budgeted 
outputs (net of allocated inputs) increase. 
However, if the sum of (a) and (b) are less than 
zero in any period, you will receive 0.0 
investment points for that period. 

(7) Your chance of winning a cash prize in a lottery 
will be computed. Your chance will increase both 
for investment and exchange points that you 
accumulate for the period, (see Schedule 1) 

(8) You will play the lottery and determine whether 
you have won the cash prize. 

Any questions before beginning the experiment? 
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(Firm-profit-sharing group only) 

Summary 

Your role is to serve as a unit operator in an 
organization. Your task includes the following steps: 

(1) You will find out which urn will be used to 
determine your unit's APR for the period. 

(2) You will send a message to the center stating a 
PPR for your unit. 

(3) You will be told the number of inputs allocated 
to each unit and each unit's budgeted outputs. 

(4) You will decide the portion of your unit's 
allocated inputs that will be invested to produce 
outputs and the portion that will be exchanged 
directly for points. 

(5) You will find out your unit's APR for the period. 

(6) Your performance as a unit operator will be 
measured in terms of investment points: (a) your 
points increase as your unit's actual outputs 
(net of allocated inputs) increase; and, (b) your 
points also increase as the Unit B's actual 
outputs (net of allocated inputs) increase. 
However, if the sum of (a) and (b) are less than 
zero in any period, you will receive 0.0 
investment points for that period. 

(7) Your chance of winning a cash prize in a lottery 
will be computed. Your chance will increase both 
for investment and exchange points that you 
accumulate for the period, (see Schedule 1) 

(8) You will play the lottery and determine whether 
you have won the cash prize. 

Any questions before beginning the experiment? 
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(Unit profit + penalty group only) 

Summary 

Your role is to serve as a unit operator in an 
organization. Your task includes the following steps: 

(1) You will find out which urn will be used to 
determine your unit's APR for the period. 

(2) You will send a message to the center stating a 
PPR for your unit. 

(3) You will be told the number of inputs allocated 
to each unit and each unit's budgeted outputs. 

(4) You will decide the portion of your unit's 
allocated inputs that will be invested to produce 
outputs and the portion that will be exchanged 
directly for points. 

(5) You will find out your unit's APR for the period. 

(6) Your performance as a unit operator will be 
measured in terms of investment points. Your 
points increase as your unit's actual outputs 
(net of allocated inputs) increase. However, if 
your unit's actual outputs are less than your 
unit's budgeted outputs in any period, you will 
receive only 1.0 investment point in that period. 
Also, if your unit's actual outputs are less than 
your unit's budgeted outputs in any period, you 
will receive 0.0 exchange points in that period. 

(7) Your chance of winning a cash prize in a lottery 
will be computed. Your chance will increase both 
for investment and exchange points that you 
accumulate for the period, (see Schedule 1) 

(8) You will play the lottery and determine whether 
you have won the cash prize. 

Any questions before beginning the experiment? 
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(All incentive scheme groups) 

As in the first part of the experiment, you will roll 
your die when I or my helper reach your computer station. 
A one, two, or three still means you will draw from the 
YELLOW urn, and you will receive the yellow box. A four, 
five, or six still means you will draw from the BLUE urn, 
and you will receive the blue box. After you roll your 
die, you will send your PPR to the center. As before, for 
your message about your PPR, you may choose to send any 
one of the six possible p-ratios that can eventually 
occur. That is, you may send any one of the following: 
1.5; 2.0; 2.5; 3.0; 3.5; or, 4.0. Once you enter your 
choice, your PPR will be sent as a message to the center. 
The center will allocate inputs exactly as before. 

Once the center has allocated inputs, you will make a 
decision about how many allocated inputs to invest to 
produce outputs and how many to exchange directly for 
points. When you have made your investment decision, you 
will draw a chip from either the YELLOW or BLUE urn to 
determine your APR for the period. Once we have 
determined and entered your APR, your total points and 
your chance of winning $1.00 prize in the lottery will be 
computed using Schedule 2 instead of Schedule 1. Please 
take a moment to examine Schedule 2. 

Any questions before continuing the experiment? 
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Investment 
Points 

0 . 0 0  

12.50 
13.75 
15.00 
16.25 
17.50 
18.75 

23.75 
25.00 
26.25 
27.50 
28.75 

30.00 
31.25 
35.00 
36.25 
37.50 
38.75 

40.00 
41.25 
43.75 
46.25 
47.50 
48.75 

50.00 
51.25 
52.50 
56.25 
57.50 
58.75 

6 0 . 0 0  
61.25 
62.50 
63.75 
68.75 

70.00 
71.25 
72.50 
73.75 
75.00 

SCHEDULE 2 

(1) (2) 
%-Chance from Exchange %-Chanc© from 
Invested Inputs Points Exchanged Inputs 

-7% 0.0 0% 
1.5 10% 

7% 2.9 19% 
7% 4.2 28% 
7% 5.4 36% 
7% 6.5 43% 
7% 7.5 50% 
7% 8.4 56% 

9.2 61% 
7% 9.9 66% 
7% 10.5 70% 
7% 11.0 73% 
7% 11.4 76% 
7% 11.7 78% 

11.9 79% 
7% 12.0 80% 
7% 
7% 
7% 
7% 
7% 

7% 
7% 
7% 
7% 
7% 
7% 

7% Chance to Win 51.00 
7% 
7% To figure your chance to win 
7% $1.00 each period, add (1) and (2). 
7% Next, add (3), where (3) always 
7% equals 3%. 

7% 
7% 
7% 
7% 
7% 

7% 
7% 
7% 
7% 
7% 
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(Firm-profit-sharing group only) 

SCHEDULE 2 

(1) (2) 
Investment %-Chance from Exchange %-Chanca from 
Points Invested Inputs Points Exchanged Inputs 

0.00 -6% 0.0 0% 
1.5 9% 

12.50 6% 2.9 17% 
13.75 6% 4.2 24% 
15.00 6% 5.4 31% 
16.25 6% 6.5 37% 
17.50 6% 7.5 43% 
18.75 6% 8.4 48% 

9.2 52% 
23.75 6% 9.9 56% 
25.00 6% 10.5 60% 
26.25 6% 11.0 63% 
27.50 6% 11.4 65% 
28.75 6% 11.7 67% 

11.9 68% 
30.00 6% 12.0 68% 
31.25 6% 
35.00 6% 
36.25 6% 
37.50 6% 
38.75 6% 

40.00 6% 
41.25 6% 
43.75 6% 
46.25 6% 
47.50 6% 
48.75 6% I 

50.00 6% Chance to Win $1.00 
51.25 6% 

to Win $1.00 

52.50 6% To figure your chance to win 
56.25 6% $1.00 each period. add (1) and (2). 
57.50 6% Next, add (3), where (3) always 
58.75 6% equals 16%. 

60.00 6% 
61.25 6% 
62.50 6% 
63.75 6% 
68.75 6% 

70.00 6% 
71.25 6% 
72.50 6% 
73.75 6% 
75.00 6% 
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(Unit profit + penalty group only) 

schedule 2 

(1) (2) 
Investment %-Chunce from Exchange %-Chance from 
Points Invested Inputs Points Exchanged Inputs 

1.0 7% 0.0 0% 
2.5 7% 1.5 10% 
5.0 7% 2.9 19% 
7.5 7% 4.2 23% 

5.4 36% 
10.0 7% 6.5 43% 
12.5 7% 7.5 50% 
15.0 7% 8.4 56% 

9.2 61% 
25.0 7% 9.9 66% 

10.5 70% 
37.5 7% 11.0 73% 

11.4 76% 
45.0 7% 11.7 78% 

11.9 79% 
50.0 7% 12.0 80% 

62.5 7% 
67.5 7% 

75.0 7% 

90.0 7% 

112.5 7% 

135.0 7% 

Chance to Win $1.00 

To figure your chance to win 
$1.00 each period, add (1) and (2). 
Next, add (3), where (3) always 
equals 3%. 
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Appendix B. Post-Experimental Questionnaire. 

The resource consumption groups were asked to respond 

to all of the following items. The no resource 

consumption groups were not asked to respond to items (5), 

(7), (9), (11), (15), and (16). 

QUESTIONNAIRE 

Please respond to the following items. All responses 
are confidential. 

(a) Age (b) Gender 

(c) GPA _____ 

(d) College 

(e) Major 

(f) Frosh Soph Junior 

Senior Other 

(g) How many previous experiments have you been in? 

(h) Please describe briefly any past experiment(s) you 
have been in. 
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For items 1 through II, please circle the best 
answer. 

(1) At the end of the example trials, before I began the 
actual experiment 

A. I did not understand what I had to do in 
order to maximize my chance to win the 
lottery. 

B. I needed additional time to understand 
completely what I had to do in order to 
maximize my chance to win the lottery. 

C. I understood completely what I had to do in 
order to maximize my chance to win the 
lottery. 

(2) At the end of Period 10 when I was using Schedule 1 
to determine my chance of winning the lottery each 
period 

A. I did not understand what I had to do in 
order to maximize my chance to win the 
lottery. 

B. I needed additional time to understand 
completely what I had to do in order to 
maximize my chance to win the lottery. 

C. I understood completely what I had to do in 
order to maximize my chance to win the 
lottery. 
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( 3 )  A t  t h e  e n d  o f  P e r i o d  2 0  w h e n  I  w a s  u s i n g  S c h e d u l e  2  
to determine my chance of winning the lottery each 
period 

A. I did not understand what I had to do in 
order to maximize my chance to win the 
lottery. 

B. I needed additional time to understand 
completely what I had to do in order to 
maximize my chance to win the lottery. 

C. I understood completely what I had to do in 
order to maximize my chance to win the 
lottery. 

(4) in Period 10 when I was using Schedule 1 

A. The way my chance to win the lottery was 
measured motivated me to state a projected 
p-ratio LOWER than the best estimate for my 
unit's actual p-ratio. 

B. The way my chance to win the lottery was 
measured motivated me to state a projected 
p-ratio HIGHER than the best estimate for my 
unit's actual p-ratio. 

C. The way my chance to win the lottery was 
measured motivated me to state a projected 
p-ratio EQUAL to the best estimate for my 
unit's actual p-ratio. 

(5) In Period 10 when I was using Schedule 1 

A. It was more important to me to maximize my 
INVESTMENT points than to maximize my 
exchange points. 

B. It was more important to me to maximize my 
EXCHANGE points than to maximize my 
investment points. 

C. It was EQUALLY important to me to maximize 
BOTH my investment and exchange points. 
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( 6 )  I n  P e r i o d  2 0  w h e n  I  w a s  u s i n g  S c h e d u l e  2  

A. The way my chance to win the lottery was 
measured motivated me to state a projected 
p-ratio LOWER than the best estimate for my 
unit's actual p-ratio. 

B. The way my chance to win the lottery was 
measured motivated me to state a projected 
p-ratio HIGHER than the best estimate for my 
unit's actual p-ratio. 

C. The way my chance to win the lottery was 
measured motivated me to state a projected 
p-ratio EQUAL to the best estimate for my 
unit's actual p-ratio. 

(7) In Period 20 when I was using Schedule 2 

A. It was more important to me to maximize my 
INVESTMENT points than to maximize my 
exchange points. 

B. It was more important to me to maximize my 
EXCHANGE points than to maximize my 
investment points. 

C. It was EQUALLY important to me to maximize 
BOTH my investment and exchange points. 

(8) In the first-half of the experiment when I was using 
Schedule 1, the chance of winning the lottery each 
period 

A. increased at an increasing rate as my 
INVESTMENT points increased. 

B. increased at a decreasing rate as my 
INVESTMENT points increased. 

C. increased at a constant rate as my 
INVESTMENT points increased. 

D. remained constant as my INVESTMENT points 
increased. 
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( 9 )  I n  t h e  f i r s t - h a l f  o f  t h e  e x p e r i m e n t  w h e n  I  w a s  u s i n g  
Schedule 1, the chance of winning the lottery each 
period 

A. increased at an increasing rate as my 
EXCHANGE points increased. 

B. increased at a decreasing rate as my 
EXCHANGE points increased. 

C. increased at a constant rate as my EXCHANGE 
points increased. 

D. remained constant as my EXCHANGE points 
increased. 

(10) In the second-half of the experiment when I was using 
Schedule 2, my chance of winning the lottery each 
period 

A. increased at an increasing rate as my 
INVESTMENT points increased. 

B. increased at a decreasing rate as my 
INVESTMENT points increased. 

C. increased at a constant rate as my 
INVESTMENT points increased. 

D. remained constant as my INVESTMENT points 
increased. 

(11) In the second-half of the experiment when I was using 
Schedule 2, the chance of winning the lottery each 
period 

A. increased at an increasing rate as my 
EXCHANGE points increased. 

B. increased at a decreasing rate as my 
EXCHANGE points increased. 

C. increased at a constant rate as my EXCHANGE 
points increased. 

D. remained constant as my EXCHANGE points 
increased. 
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Please indicate the extent to which you agree by 
putting a checkmark at the appropriate point on the 
scale below the following statement. 

(12) The way in which my investment points were measured 
was fair. 

0 1 2 3 4 5 6 7 8 9  1 0  
STRONGLY STRONGLY 
DISAGREE AGREE 

Please respond to items 13 through 19 by placing a 
checkmark by either "yes" or "no" following each 
statement. 

(13) Although we could not talk to each other, Unit B and 
I were able to send messages about our projected p-
ratios which helped us both increase our INVESTMENT 
points at the expense of the overall organization. 

YES NO 

(14) Although I could not talk with Unit B, I attempted to 
send messages about my projected p-ratio which would 
help us both increase our INVESTMENT points at the 
expense of the overall organization. 

YES NO 

(15) Although we could not talk to sach other, Unit B and 
I were able to send messages about our projected p-
ratios which helped us both increase our EXCHANGE 
points at the expense of the overall organization. 

YES NO 
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(16) Although I could not talk with Unit B, I attempted to 
send messages about my projected p-ratio which would 
help us both increase our EXCHANGE points at the 
expense of the overall organization. 

YES NO 

(17) I felt that Unit B and I were competing for a scarce 
amount of resources. 

YES NO _____ 

(18) I was concerned only with maximizing my chance to win 
the lottery, regardless of the impact on the overall 
organization. 

YES NO 

(19) I was concerned only with maximizing my chance to win 
the lottery, regardless of the impact on Unit B. 

YES NO 
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