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Abstract 

The Economic Demand for and Consequences of Contracting on 
Measures of the Drivers of Future Performance 

Recent trends in performance evaluation suggest increasing use in practice of measures that 

reflect drivers of future performance (DFP). These measures include primarily nonfinancial but also 

forward-looking financial performance measures. There has been relatively little academic research 

that studies why firms use measures of DFP rather than (or to supplement) traditional performance 

measures used in incentive contracts. Agency theory offers general insight but does not address 

specific properties of measures of DFP. This thesis adds specificity to the existing agency literature 

in presenting a two-period model of the economic conditions that create a demand for measures of 

DFP both with and without a capital market context. It also explores the economic consequences of 

variations in both economic conditions and specific properties of the measures of DFP themselves. 

The central results of this thesis support the view that the use of DFP measures in contracting can be a 

more cost-effective and timely way in which to reward an agent's farsighted efforts relative to 

conventional rewards based on financial performance or the stock price. Further, the use of DFP 

measures can induce agent effort more efficiently across shortsighted and farsighted activities, which 

can help mitigate the potential for an agent to engage in short-term myopic behaviour. 

Key Words: Performance measures, Incentive contracts, Agency theory, Economic Determinants. 
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Chapter I 

Introduction and Literature Review 

1.1 Introduction 

Recent research bas suggested that nonfinancial performance measurement is gaining 

increasing popularity as a tool for both controlling operations and providing a basis for offering 

variable employee-based incentives. However. explanations for the increasing popularity have 

relatively little theoretical grounding. One potential explanation is that nonfinancial performance 

measurement is closely linked to (or anticipates) the future profitability of the firm. Through this link. 

the successful management of nonfinancial performance measures in the current period will increase 

the prospects of prosperous future performance. 

The fundamental purpose of this thesis is to develop an understanding of the economic 

demand for, and consequences of, using current nonfinancial performance measures that predict the 

future performance of a firm. The present emphasis in practice on nonfinancial performance 

measures suggests that future economic prosperity may arise from the use of such non.financial 

measures. However, to assess this assertion rigorously, it is important first to understand the 

conditions supporting the demand for nonfinancial measures and second to analyze the economic 

consequences of using nonfinancial measures. 

One way of disciplining the ex-ante debate on the usefulness of nonfinancial performance 

measures is to model analytically the use by firms of non.financial performance measures. In 

particular, principal-agent analysis can be used to underpin an analysis of the circumstances in which 

nonfinancial performance measures become a valuable contracting tool. One limitation is that 
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principal-agent analysis focuses on the nonfinancial performance measures being used only for 

contracting purposes and ignores the use of nonfinancial performance measures in non-contracting 

contexts. In this sense, principal-agent provides a restricted analysis. However. the insights 

generated are likely to provide testable explanations for why, at least. we see nonfinancial measures 

being increasingly used in variable incentive contracting. 

This thesis comprises three essays that together attempt to develop formal insight about why 

we see nonfinancial performance measures used the way that they are in incentive contracting. The 

first essay (Chapter 2) explores, absent a capital market, the general demand for current measures of 

performance that are correlated with future performance. The second essay ( chapter 3) extends the 

demand analysis and examines the consequences on firm profits of variations in specific attributes of 

forward-looking performance measures. The third essay (chapter 4) introduces a capital market and 

explores the tensions between long-term incentive contracting on the firm's stock price, current 

signals of performance that are correlated with future performance, and future performance signals. 

Notably, each essay relaxes the restriction that the forward-looking current measure of performance 

must also be nonfinancial. Rather, each essay assumes that the forward-looking measure can be either 

financial or nonfinancial; the only restriction is that the measure must capture some element of an 

agent's farsighted effort. The distinction between nonfinancial, and forward-looking or drivers of 

future performance is discussed further in the next section of this chapter. 

The remainder of this chapter is organized as follows. In the next section. I distinguish 

between nonfinancial measures of performance and measures of the drivers of future performance, to 

link the existing literature that focuses on nonfinancial measures of performance with the less 

restrictive drivers of future performance used throughout this thesis. Next, to set the stage for 

developing the analytical models in the subsequent chapters, I discuss existing work in nonfinancial 

performance measurement, especially that which relates to the choice of nonfinancial measures of 

performance for contracting. This leads into an analysis of how the existing literature so described is 

relevant for this thesis. Finally, I provide an overview of the organization of this thesis. 
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This sub-section highlights the distinction between the term .. nonfinancial performance 

measures", often used in the literature, and ••measures of the drivers of future performance''. which is 

used throughout this thesis. A useful starting point for understanding the distinction is Morissette 

(1996). He provides a distinction between financial and quantitative nonfinancial performance 

measures. Essentially, any performance measure that includes a monetary metric (including ratios of 

monetary and non-monetary metrics) can be regarded as a financial performance measure. 

Conversely, quantitative nonfinancial performance measures are those that comprise only 

non-monetary metrics. Logically, the distinction between monetary versus non-monetary metrics in 

itself does not enhance our understanding of why nonfinancial performance measurement might be 

closely linked with the future performance. This is because firms often use current performance 

measures based on monetary metrics that can be logically linked to future performance. Examples 

include research, development, and capital expenditures. 

Since the primary focus in this thesis is to understand the link between current performance 

measures and future performance, the discussion throughout will not refer specifically to nonfmancial 

performance measures as predictive of future performance. Rather, a generic performance measure, 

extractable in the current period, and which conceivably can be either financial or nonfinancial in 

nature is included throughout this thesis. Thus, while the operationalization of this variable may 

predominantly be nonfinancial it does not preclude, however, operationalization of the variable as 

financial measures of performance that are forward-looking in nature. 

Notwithstanding this distinction, the literature review in this chapter focuses predominantly 

on nonfinancial measures as a proxy for drivers of future performance. This emphasis on 

nonfmancial measures reflects the current trend in the literature, particularly in the use of forward­

looking performance measures for incentive contracting purposes. 
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1.3 Why Contract on Nonfinancial Performance Measures? - A Literature Review 

In reviewing the existing literature on nonfinancial measures of performance, three themes 

emerge. First, the use of nonfinancial performance measures in general is becoming increasingly 

popular for a variety of purposes. Second, the increasing popularity of the measures in different 

contexts translates into increasing use of nonfinancial performance measures in contracting. Third, 

academic research in this area has been relatively slow in developing formal theoretical insight on the 

determinants of the choice of nonfinancial performance measures as predictive1 contracting variables. 

The increasing use of nonfinancial measures, their inclusion in incentive contracts, and 

findings from academic research about the determinants of their choice in incentive contracts will 

each be discussed in turn. The purpose of the discussion in each of the three areas is as follows. First, 

evidence of increased use of nonfinancial performance measurement is presented to provide an 

understanding of the importance of these types of performance measures in practice, which provides 

motivation for the research conducted in this thesis. Second, it is important to establish that the use of 

nonfinancial performance measurement translates to contracting choice to justify the principal-agent 

framework used throughout this thesis. Third, it is also important to review prior work that relies on 

the choice of contractible nonfinancial performance measures to identify a basis for identifying the 

research issues that this thesis addresses in subsequent chapters. 

1.3.I Evidence of Increased Use ofNonfinancial Performance Measurement 

Nonfinancial performance measurement has recently received widespread exposure in the 

management accounting literature. This exposure has corresponded with an apparent increase in the 

use of nonfinancial performance measures in practice. This purpose of this subsection is to provide 

evidence of an increase in the use of nonfinancial measures by practitioners. 

A natural starting point to extract evidence on the increasing use of nonfinancial performance 

1 Predictive in this context means that future financial perfonnance is correlated with the current nonfinancial performance 
measures. 
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measures is practitioner-oriented literature. Here, over recent years, considerable attention bas been 

devoted to two related issues. First, this literature bas highlighted deficiencies in traditional financial 

performance measures for governance purposes. Second. the literature has strongly promoted 

performance measurement alternatives. 

In a recent research monograph. Waterhouse and Svendsen (1998) capture the thrust of the 

first of these issues raised in the practitioner-oriented literature. They argue that traditional financial 

performance measures are often backward focused. do not facilitate organizational learning, and in 

many cases are not useful for monitoring key processes. accountability, and both implicit and explicit 

contracts. They identify a need for relatively greater emphasis on nonfinancial performance 

measures for governance purposes. 

In terms of the second issue commonly raised in the practitioner-oriented literature. Kaplan 

and Norton's (1992) .. Balanced Scorecard" approach represents perhaps the best known of the 

alternative performance measurement approaches. The Balanced Scorecard approach prescnbes a mix 

of financial and nonfinancial performance measures, over distinct dimensions, to manage the firm's 

operations. The perceived benefits of the Balanced Scorecard approach have been promulgated in 

numerous practitioner-oriented articles (cf. Otley. 1997; Evans et. al. 1996). Strategic performance 

measurement is a closely related concept that attempts to bridge the gap between theoretical insights 

and the practitioner orientation of the Balanced Scorecard approach (e.g. see Atkinson. Waterhouse 

and Wells. 1997). Atkinson (1998) discusses the link between nonfinancial performance measures 

arising from establishing the firm's strategy and the reward of the firm's individuals. He shows 

explicitly how strategic performance measurement can be tied to individuals' compensation. 

Given practitioner dissatisfaction with traditional financial performance measures and the 

emphasis of the Balanced Scorecard on nonfinancial measures, it may be that the popularity of Kaplan 

and Norton's Balanced Scorecard in itself has motivated some practitioners to adopt increased usage 

of nonfinancial performance measures in their control systems. Notwithstanding, the following 

discussion focuses on evidence of the increasing use of nonfinancial performance measurement that is 
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not necessarily attnbutable to the popularity of the Balanced Scorecard approach. 

Many authors have identified changing economic trends to rationalize the increasing use of 

nonfinancial performance measures in practice. Banker, Potter and Schroeder (1993) provide 

empirical evidence of how the adoption of new manufacturing practices necessitated a move away 

from reporting financial measures to workers, toward reporting nonfinancial measures to workers. 

Lessner ( 1989) similarly argues that changing production technologies. such as the move to just-in­

time (nT) _manufacturing creates a need for changes to traditional perfonnance measures. Smith 

( 1990) identifies labour-related sectors as neglected by management accounting research. He 

documents 65 nonfinancial performance measures used in manufacturing practice that are ripe for 

adoption into labour-related sectors. Nanni et al. ( 1992) use case evidence to show that changes in the 

modern manufacturing environment have created a need for "integrated performance measurement", 

which focuses centrally on nonfinancial performance measures. 

A common theme in these papers is made explicit in the descriptive work of Maskell ( 1989). 

He identifies four characteristics of modern firms that may lead to increased use of nonfinancial 

performance measures. He argues that as firms move toward world class manufacturing, they will 

consider a new approach to product quality, just-in-time production techniques, changes in the way 

that the workforce is managed. and a flexible approach to serving customers. He further argues that 

these changes will lead to "new" performance measurement and lists nonfinancial measures as one of 

the characteristics of ··new'' performance measurement. 

Despite this relatively large stream of mainly descriptive literature predicting a role for 

nonfinancial performance measurement. relatively few empirical studies have emerged to show that 

changes in technology will lead to increases in the use of nonfinancial performance measurement. 

Ittner and Larcker ( 1995) show that the introduction of total quality management practices is related 

to information systems that place greater emphasis on nonfinancial performance measures. Abernethy 

and Lillis (1995) find that as firms improve manufacturing flexibility, performance measurement 

systems emphasize nonfinancial rather than cost-based performance measures. Extending this work, 
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Perera et. al. ( 1997) find evidence of increased use of nonfinancial performance measures by firms 

pursuing a customer-focused manufacturing strategy. 

The importance and increased use of nonfinancial performance measures bas been 

particularly evident recently in the practice area of supply chain management. Brown ( I 996) reports 

that the big 3 motor vehicle manufacturers introduced a requirement that their suppliers were to be 

QS-9000 accredited. 2 Given the aforementioned empirical findings. one would reasonably expect 

increased use of nonfinancial performance measures from the motor vehicle manufacturers' 

requirement. Brown (1997) reports on inventory management trends that emphasize streamlined 

supply chains. She asserts that these trends generate a greater need for monitoring key nonfinancial 

performance measures. which ultimately lead to substantial overhead cost savings in the firms she 

reports. The Economist ( 1997) also reports a technological trend that creates an enhanced demand for 

nonfinancial performance measures in supply chain management: Japan Airlines uses the Internet to 

identify abroad cheaper suppliers of airline consumables. The specifications on which overseas 

suppliers can tender bids are principally nonfinancial in nature (Japan Airlines. 1998). 

Recent survey evidence suggests increasing use of and concern about nonfinancial 

performance measures by practitioners. Booth ( 1995) presents evidence that the performance 

indicators are of significant concern to subscnbers to the ·'Management Accounting Centre of 

Excellence" in Australia. Stivers et. al. ( 1997) report survey evidence that shows both Canadian and 

US firms rely heavily on nonfinancial performance measures in setting the goals of the firm. They 

find greater emphasis on customer and market-based nonfinancial measures than on other types of 

nonfinancial measures. Waterhouse and Svendsen's (1998) survey of Canadian firms finds that 80% 

of respondents receive efficiency, environmental, health. and safety performance information, all of 

which is non-financial in nature. Each of these sources of evidence supports the view of a growing 

emphasis on nonfinancial performance measures by practitioners. 

2 QS-9000 is a product quality ccnification standard based on the ISO 9000 group of quality standards {that have been 
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The current popularity of nonfinancial performance measures is also illustrated by the 

increasing attention on such information in published annual reports. McBride ( 1997) argues that 

nonfmancial information is critical for understanding the context in which the financial results are 

achieved and it provides indications of future performance. Richardson ( 1998) presents evidence from 

the voluntary disclosure literature suggesting MD&A (Management Discussion and Analysis) 

disclosures. which invariably include nonfinancial measures of performance. provide forward-looking 

information that is not pre-empted by any other channel of firm disclosure. Dempsey et al. ( 1997) 

present survey evidence that suggests market analysts rely on more than traditional financial 

performance measures and use extensively strategic nonfmancial performance measures to assess the 

long-term success of a firm. 

In summary, it seems clear that nonfmancial performance measurement has emerged as a 

popular information tool and that there has been increased use of the tool in recent years. The 

literature that provides evidence of increased use has also shown that changes in context. such as new 

technology. new supplier specifications. or new investor demands can be associated with increased 

demand for nonfinancial performance measurement. 

1.3.2 Evidence of Contracting on Nonfinancial Performance Measures 

The discussion in the previous subsection provides evidence that nonfinancial performance 

measures are an increasingly important tool used by firms for a variety of contracting and non­

contracting purposes. To motivate the analysis and underpinning framework used in this thesis, it is 

also important to identify the extent to which the popularity of nonfmancial measures in practice has 

specifically translated into the adoption of such measures into incentive contracting plans. This is 

because increased use of nonfmancial measures in general is not a necessary condition for them to be 

used in incentive contracts. No study has directly tested this assertion. However, the following 

discussion indicates that nonfinancial measures are indeed used quite extensively in incentive 

implemented in many companies worldwide) and tailored to the automotive industry. 
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contracts. 3 

Several textbooks descnbe the structure of management compensation plans that are based in 

part on nonfinancial performance measures. Demski ( 1994) notes that nonfinancial information is 

commonplace in performance evaluation. He suggests such information naturally arise in settings 

where financial measures are difficult to extract (for example, in tertiary education) but are also 

common in manufacturing settings if the nonfinancial information has information content about the 

workers' efforts. Atkinson, Banker, Kaplan and Young (1997) report on the Chrysler cash bonus plan 

introduced in 1994, which for top executives amounted to about 80% or more of salary. The bases for 

the cash bonus were quality, customer satisfaction and profitability. Scott (1997) reviews publicly 

released information about Rockwell International Corporation's ( 1995), which refers to both annual 

and long-term incentives that are based in part on nonfmancial performance measures. Kaplan and 

Atkinson (1998) discuss McDonalds' incentive plan emphasis on product quahty. service, cleanliness, 

training, sales volume and cost control. The authors speculate that McDonalds' emphasis on these 

predominantly nonfinancial measures of performance in the short-run, is a key influence on the long­

run profitability of the firm. It is clear from these examples that there exist in practice firms adopting 

nonfinancial performance measures in incentive schemes. 

There exist numerous single firm research examples of the recent introduction of nonfinancial 

performance measures into incentive schemes. Moon and Fitzgerald ( 1996) provide a detailed case 

description of the nonfinancial performance measurement system at TNT and how it is used for 

rewarding performance. Waterhouse and Svendsen ( 1998) present case evidence of the adoption of 

nonfmancial performance measures in compensation contracts at five relatively large Canadian 

companies. Rucci, Kirn and Quinn (1998) document a significant change in 1996 in the executive 

3 Interestingly, Waterhouse and Svendsen ( 1998) empirically investigate the strategic fit between the information required by 
Board of Director members for governance purposes and the information received by members. The authors find that 
firms adopting professional body recommendations for governance structures are correlated with improvements in the fit 
between information required and information received. While their study does not directly investigate the use of 
nonfinancial measures and their explicit adoption in incentive contracts, it does provide indirect evidence that increased 
use ofnonfinancial performance measures does not necessarily address contracting requirements. 



reward system at Sears Inc. Long-term executive incentives were changed to be based two-thirds on 

customer and employee-based non.financial performance measures. Banker. Potter and Srinivasan 

( 1997) document the impact of introducing nonfinancial performance measures into a large. multi-site 

hotel chain. These examples provide detail on how firms implement incentive schemes based on 

nonfinancial performance measures. 

Empirical evidence of increasing use of nonfinancial performance measures in contracting is 

not limited to single firm examples. However. large sample studies are scarce. Inner. Larcker and 

Rajan's (1997) sample of 114 firms using nonfinancial measures had on average a 37.1% weight on 

nonfinancial performance measures in annual bonus contracts. The authors also cite similar findings 

in two surveys of US firms as corroborating evidence of firms adopting non.financial performance 

measures in contracting (Ittner, et al. 1997, footnote 13). Using a proprietary compensation database 

Bushman, lndjejikian and Smith ( 1996) focus on individual performance evaluation (IPE). which 

includes nonfinancial measures of performance. Approximately one third of their sample used IPE 

for incentive contracting. Of firms that used IPE, the weight on IPE was consistently around 43% of 

the CEO' s bonus from 1990 to 1994. In 1995 the weight increased to almost 4 7%. Waterhouse and 

Svendsen ( 1998) find that 75% of their Canadian sample reported adoption of non.financial measures 

in compensation contracts. These companies place on average a 25% weighting on nonfinancial 

measures. Clearly, these examples show that the emphasis on nonfinancial performance measures in 

practice is not trivial. 

Using survey methods, Chenhall and Langfield-Smith (1998) present descriptive statistics that 

identify performance evaluation based on nonfinancial performance measures as being relatively 

highly adopted by Australian manufacturing firms, as having relatively high benefits, and as expecting 

to have relatively higher benefits in the future. Keating ( 1996) compiles a sample of 78 divisions in 

175 randomly selected US firms. He finds that the importance of divisional operational metrics 

(which are largely non.financial performance measures) relative to firm value and accounting metrics, 

is 25% when determining division manager base salaries, and is 21 % when determining the division 
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managers' annual bonuses. The field-based finding in Morissette (1996) that the nature of reward 

systems affects the use of nonfinancial performance measures lends further support to the importance 

of nonfinancial performance measures for contracting purposes. 

In summary, it is clear that the demand for nonfinancial performance measures has not only 

increased over recent years, but the increased demand has also corresponded with significant levels of 

contracting on nonfinancial performance measures. Both the large sample empirical evidence and the 

small sample studies are suggestive that nonfinancial performance measures are an important 

consideration for compensation contract designers in practice. While it has not directly been tested. 

the increasing use of nonfinancial performance measures in general would also seem to increase the 

importance of nonfinancial measures for contracting purposes. 

1.3.3 Existing Theoretical Insight 

Most academic research about the choice and consequences of nonfinancial performance 

measures in incentive contracts follows two distinct methodological approaches. The first is 

analytical research, which often uses the principal-agent framework to develop insight about why we 

see the choice of performance measures that we do that we do in incentive contracts. The second is 

empirical (including field-based) research. which mainly uses different branches of the agency 

literature to generate testable empirical hypotheses about why nonfinancial performance measures 

might be used in contracting. 

1 .3.3. 1 Nonfinancial Performance Measurement: Related Analytical Research 

Much of the analytical stream of academic research related to the topic of nonfinancial 

performance measurement has its roots in the seminal work of Holmstrom ( 1979). This paper is 

famous for yielding the often-quoted "Informativeness Principle", which suggests, for contracting 

purposes a performance measure will be included in a portfolio of performance measures only if it has 

incremental information content about the agent's actions over and above other available measures. 

Holmstrom (1979) inspired numerous principal-agent papers in the economics, accounting and 

organization literature that analyze optimal incentive contracts with changes in various conditions. 
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However, a common feature of many such papers is that the models are either too complicated to 

obtain closed form solutions. or else the closed form solutions are so complex that they do not have 

practical intuition. 

Holmstrom and Milgrom ( 1987) directly address the issue of intractability and complexity 

evident in earlier work. Their model generates an optimal compensation scheme that is a linear 

function of the contracting variables. Combined with negative exponential utility and normal 

distnbution _ of uncertainty, closed form solutions and the associated comparative statics became 

relatively easy to perform. 

Holmstrom and Milgrom ( 1991) extend the linear principal-agent model to settings where the 

agent's actions are multi-dimensional. This extension was important in adding another level of 

sophistication to the principal-agent models, which aligned theirs and future analytical models closer 

to observed practice. In the accounting literature, Bushman and Indjejikian ( 1993a) use multi­

dimensional action choice in showing how accounting earnings can be used to allocate effort more 

efficiently over different managerial tasks. Wu ( 1995) extends the single agent task findings of 

Banker and Datar ( 1989 - discussed below) into multi-tasking settings and also extends the Bushman 

and Indjejikian ( 1993a) study from exogenous into endogenous private investor information 

gathering. Paul (1992) shows a stock price that is useful for a valuation purpose is inefficient for 

contracting in multi-task environment. Models that capture multi-dimensional action choices have 

become common in the contemporary literature on non-financial performance measurement. 

An important paper in the accounting literature that builds directly on Holmstrom and 

Milgrom (1991) is Feltham and Xie (1994). The study generates three key findings. First, ifa single 

measure of performance is non-congruent then the contract induces sub-optimal effort allocations 

across tasks; or if it is noisy, then the contract results in sub-optimal effort intensity. Second. 

additional performance measures can reduce risk and improve congruity of the agent's actions with 

the principal's objective, assuming non-congruity arises because of either myopia on the short-term or 

window dressing such as manipulation of accounting numbers. Third. consistent with Paul (1992), 



13 

Feltham and Xie find that stock price is not an efficient aggregation for incentive contracting purposes 

(though it can be for valuation purposes). This study is important because it links the economics 

based literature to an accounting context and show how characteristics of the performance measure 

(e.g. congruity) can be used in generating the need for additional performance measures in a multi­

task environment. 

A further paper of importance that builds on the work of Holmstrom and Milgrom ( 1991 ) is 

Hauser, Simester and Wernerfelt (1994). This paper has strong implications for accounting research. 

since it specifically models the demand for, and provides comparative statics relating to, customer 

satisfaction incentives. A key theoretical insight from this paper is that efficient contracting on 

customer satisfaction incentives will depend on how precisely customer satisfaction is measured and 

to what extent employees are focused on the short-term. A feature of Hauser et al. is the multi-period 

nature of the model. Most theoretical models of nonfinancial performance measurement in the 

accounting literature are single-period models. Accordingly, few such models are able to capture the 

potential '"predictive" properties of nonfinancial performance measures. The model used throughout 

this thesis is multi-period in nature. 

Banker and Datar ( 1989) refocus the generic context of Holmstrom and Milgrom ( 1987) into 

an accounting context. Their key finding is that the relative weight placed on two linearly aggregated 

performance measures depends only on the sensitivity and precision of the two measures. Sensitivity 

is defined as the change in the expected value of a performance measure with changes in the level of 

managerial actions. The precision of a performance measure is defined as the inverse of its variance. 

The Banker and Datar ( 1989) study is a particularly important development in the accounting 

literature for two reasons. First, previous work based on Holmstrom ( 1979) identified conditions 

creating a demand for an additional performance measure. However, no previous study had addressed 

how much emphasis to place on the additional informative performance measure. Second, no 

previous study had explored the design of the performance measure in the optimal incentive contract, 

rather than the design of the incentive contract itself. While a number of empirical studies on 
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executive compensation have used as a basis the theoretical insights of Banker and Datar ( 1989). there 

bas been relatively little further development of the literature specifically concerning the properties of 

the performance measure that enters into an agency contract. This thesis in part seeks to address this 

still unresolved issue further. 

Hemmer ( 1996) is an exception. Hemmer analyzes different types of customer satisfaction 

measures. No previous study bad examined theoretical demand for the type of nonfinancial 

performance measure. He specifically analyzes ·•average" versus "number of' customer satisfaction 

measures. Hemmer derives three key fmdings. First. while average customer satisfaction versus the 

number of satisfied customers are economically equivalent. bow they are combined with financial 

performance is optimally different. Second, introducing average customer satisfaction requires 

increased weight on fmancial performance measures, (because "average" discourages sales pressure) 

while introducing number of satisfied customers requires a decreased weight on financial performance 

measures (because ·•number" encourages sales pressure). Third. substitution of customer satisfaction 

performance measurement for earnings in incentive contracts is optimal only if "number of satisfied 

customers" is used. A secondary finding from Hemmer (1996) is that the choice between average and 

·•number of' is optimally influenced by whether the customer satisfaction information is collected 

from actual purchasers or customers in general. An important contnbution of Hemmer ( 1996) is that 

it is one of the first papers in the accounting literature to address the still relatively unexplored issue 

of the consequences of variations in the type of nonfinancial performance measure. 

Theoretical insights about the structure of optimal incentive contracts have been extended to 

the context of profit signals being non-contractible. Baker ( 1992) derives an optimal linear incentive 

contract when the principal's objective is to maximise profit although profit is unavailable for 

contracting. His analysis generates an intuitive definition of a "good" performance measure; which is 

when the marginal product of an agent's actions on the performance measure strongly correlates with 

the marginal product of the actions on the principal's objective. Contexts such as that generated in 

Baker's research can be interpreted as naturally creating a demand for nonfmancial performance 
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signals. This thesis examines contexts primarily that allow the principal's objective to be available 

for contracting but does contain some analysis of contexts where profit signals are non-contractible. 

Much of the literature discussed above focuses on tensions between the use of stock price and 

accounting earnings as contracting variables. Barclay, Gode and Kothari ( 1997) add to this analytical 

literature by finding that earnings are a useful contracting variable because in many settings earnings 

are contemporaneous with delivered performance. In their pre-defined settings stock price leads 

delivered performance while cash flows lag delivered performance. Thus, contracting on the latter 

two variables leads to inefficiencies. Interestingly, their paper does not address the issue of 

nonfinancial measures as contracting variables that might be predictive of future financial 

performance. This issue of predictability is fundamental to the analysis in this thesis. 

Another body of theoretical work generates predictions consistent with the descriptive 

literature ( discussed above) that argues context variations create a demand for nonfinancial 

performance measures. For example, an implication of Baiman, Fischer and Rajan ( 1995) is that the 

type of relationship governing the contract between a firm and its supplier will optimally adjust 

weights on financial performance measures to weights on measures more nonfinancial in nature. A 

further example is Datar and Rajan ( 1995) which models a bottleneck-constrained environment. They 

show the importance of the principal designing incentives based on nonfinancial measures, to induce 

non-bottleneck workers not to overproduce for bottleneck resources. While this stream of literature 

has emerged strongly over recent years, the variation in context is not specifically addressed in this 

thesis. 

In summary, the theoretical research in nonfinancial performance measurement has largely 

built on Holmstrom's informativeness principle, using multi-task settings and assuming linear 

incentive contracts with normal distnbution of uncertainty. Accordingly, a common theme to the 

analysis is that there exists a broad range of settings where nonfinancial performance measures 

become incrementally informative. Some such settings correspond to recent changes in the 

environmental context of modern organizations. 
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1.3.3.2 Nonfinancial Performance Measurement: Related Empirical Research 

Baiman ( 1990) classifies the theoretical agency literature into 3 distinct branches. The first 

branch is the principal-agent framework. which has been the subject of the foregoing discussion. The 

second branch is transaction cost economics. a theoretical stream in which Baiman identifies there has 

been relatively little work in management accounting. Drennan ( 1995) does. however. use transaction 

cost economics to argue that the demand for changes toward nonfmancial performance measures is 

driven by performance ambiguity. The third branch is the Rochester model. stemming from the 

seminal work of Jensen and Meckling (1976), and built upon in Watts and Zimmerman's (1986) 

"positive accounting theory". The economic intuition from the first branch in particular is 

emphasized in the theoretical development underlying empirical work that tests hypotheses about 

nonfinancial performance measurement. 

An important study that integrates principal-agent intuition with relatively large-scale 

empirical evidence is Ittner. Larcker and Rajan ( 1997). This study finds that variations in regulation. 

the firm's strategy and the noise in financial performance measures are associated with variations in 

the emphasis on nonfinancial performance measures in annual bonus contracts. The study is one of 

the first empirical studies to directly test and find support for the theoretical intuition about 

nonfinancial performance measurement from the agency literature. The authors find no support for 

CEO influence and financial distress hypotheses. both of which were generated from literatures other 

than the agency literature. This paper specifically addresses the issue of choice of performance 

measures in bonus contracts. However, it does not attempt to address several agency determinants of 

the contracting choice. The agency determinants are addressed in detail in this thesis. 

Bushman. lndjejikian and Smith ( 1995) use formal agency theory to develop and test 

predictions that the use of aggregate performance measures relative to localized performance 

measures is dependent on the extent of interdependencies within the firm. Bushman. lndjejikian and 

Smith ( 1996) use standard agency intuition to develop hypotheses about why firms might use 

individual performance evaluation. The study finds individual performance evaluation increases with 
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the firm's growth opportunities and product time horizon. To the extent that ·•1ocalized'" and 

"individual" performance evaluation incorporate nonfinancial performance measures, these papers 

provide empirical evidence that firms fmd efficiencies in contracting on nonfinancial measures in the 

presence of intrafirm interdependencies, growth oppommities, and long product time horizons. The 

forward-looking perspective of the latter two variables is particularly relevant for this thesis in 

establishing the relevance of nonfinancial performance measures for long-term contracting. 

Keating ( 1996) explores organizational determinants of the relative choice of nonfinancial 

performance measures. The study uses organization theory to generate testable hypotheses and 

survey methods to test the hypotheses empirically. The study finds that the relative use cf 

nonfinancial measures such as divisional operational metrics is positively associated with both 

sequential divisional interdependencies and division size relative to firm size and negatively 

associated with both centralized decision-making and firm beta. Morissette' s ( 1996) field study finds 

several organizational and behavioural variables predictive of the choice of quantitative nonfinancial 

performance measures used by managers. The explanatory variables include the nature of reward 

systems; decision types (strategic, tactical or operational); task-technology (routine or non-routine); 

functional area (production, marketing or human resources); and individual variables (level of training 

and experience, and perceptions of causal links). These organizational and behavioural determinants 

of the choice of nonfinancial performance measures add to the relatively little evidence on why such 

measures are used. However, they are not addressed in the agency analysis of this thesis. 

Other empirical papers have focused on establishing the link between current nonfinancial 

performance and future financial performance. Banker, Potter and Srinivasan ( 1997) find evidence 

that customer satisfaction measures are correlated with future financial performance and that 

introduction of contracting on nonfinancial measures improved both nonfinancial and financial 

performance. Hayes and Schaefer ( 1997) show that future performance is positively correlated with 

unexplained variation in current compensation. One interpretation of this result is that the 

unexplained variation arises because of the non-public nature of contracting variables such as internal 
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(to the firm) nonfinancial measures of performance. The study also finds that the noisier the stock 

price and accounting earnings signals. the greater the association between the unexplained variation in 

current compensation (potentially attnbutable to nonfinancial measures) and future financial 

performance. Links between current performance measures and future performance is a fundamental 

assumption maintained throughout this thesis. 

Relatively more evidence that is empirical addresses the impact of nonfinancial measures that 

are not necessarily contractible on financial performance. These empirical studies have found links 

between customer satisfaction and customer profitability (Foster and Gupta. 1997; Loveman. 1996). 

customer satisfaction and future economic performance not captured in stock price or accounting 

statements (Fornell. Ittner and Larcker, 1996), customer satisfaction and long-run economic returns 

(Anderson. Fornell and Lehmann. 1994), and non-price related supplier selection/monitoring practices 

and frrm performance (Ittner. Larcker. Nagar and Rajan. 1997). However. no study other than 

Banker, et al. (1997) and Hayes and Schaefer (1997) has attempted to test the link between contracted 

nonfinancial performance measures and future financial performance. A further point of interest is 

that no study other than Loveman ( 1996) appears to have explored the interactions between different 

nonfinancial measures of performance as predictors of financial performance. Of these largely 

unexplored issues. this thesis specifically adds to our understanding about the link between contracted 

nonfinancial measures and future performance. 

A further stream of empirical research has explored whether the use of nonfinancial 

performance measures (for contracting or other purposes) can lead to variations in a firm's stock 

price. Variations in the firm's stock price may ultimately lead to variations in the firm's cost of 

capital. Interestingly, Martin ( 1998) reports that since 1994 a distinct correlation exists between the 

percent change in the Dow Jones Industrial average and the percent change in a 3-month lagged 

American Customer Satisfaction Index. 

The general issue of whether the nature of nonfmancial issues is of importance to the capital 

market is examined with greater research rigor in Nayyar ( 1995). This study investigates the impact 
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of customer service changes on stock price. The study finds that the market values customer service 

increases (decreases) positively (negatively). Interestingly. the study also finds that variations in the 

stock market reaction are associated with variations in the type of customer service change. This 

provides indirect support that the type of nonfinancial issue considered by the firm (and it follows the 

type of nonfinancial performance measures gathered by the firm) can lead to differences in the 

equilibrium stock price of the firm. 

Fornell et al. (1996) provides a more direct test of the impact of nonfinancial customer 

satisfaction measures on stock price. This study fmds the public release of customer satisfaction 

measures is associated with excess stock market returns. Amir and Lev ( 1996) show that nonfinancial 

indicators such as growth and market penetration are highly relevant in explaining the security 

valuation of cellular phone companies. Hirschey, Richardson and Scholz ( 1998) extend Amir and 

Lev's findings to the high tech sector and find that nonfinancial patent information is incrementally 

relevant (over financial information) in valuing the securities of high tech firms. This thesis relies to 

some extent on the finding that measures of nonfinancial performance are impounded in stock price. 

Furthermore. this thesis extends research on the issue of the relationship between nonfinancial 

performance measures and stock price by providing insight on the choice between these two variables 

for contracting purposes. 

In summary, the general themes of the formal empirical research have been threefold. First. 

the empirical research has shown that nonfinancial performance measures are used extensively in 

managerial decision-making and potentially to a lesser extent for contracting purposes. Second. 

determinants of the choice of nonfinancial performance measures in a firm's control system can be 

economic, behavioural or organiz.ationally based. Third, variations in certain nonfmancial 

performance measures can be associated with variations in both the future profitability and the stock 

price performance of the firm. The next section of this chapter extracts key elements from the 

existing literature that are relevant for the purposes of this thesis. 
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1.4 Implications of the Existing Literature for this Thesis 

The literature reviewed in the previous section can be grouped into two broad areas. First. 

nonfinancial performance measures are the dependent variable. Here research examines the 

determinants of the choice of nonfinancial performance measures for decision-making and 

contracting. Second. nonfinancial performance measures are the independent variable. Here research 

focuses on the consequences of using nonfinancial measures for decision-making and contracting. 

This classification helps clarify several aspects of the literature that are particularly relevant 

background for this thesis. These aspects were briefly identified throughout the previous subsection 

and are summarised and discussed further in the following two subsections as follows. First. I extract 

issues in the existing literature that are addressed in this thesis. Second. I highlight elements from the 

existing literature that provide support for modelling assumptions to be used throughout this thesis. 

1.4. I Research Issues For This Thesis 

An implication of the literature review contained in this chapter is that there exist several 

areas in the academic literature surrounding nonfinancial performance measurement that could benefit 

from further research and in particular from research that is more specific. To understand more clearly 

the nature of the related issues. I discuss them in the broader context of the management accounting 

variable of interest being the dependent variable, and then the independent variable. 

First. it seems manifest that much of the nonfinancial performance measurement literature 

examines nonfinancial performance measures as the dependent variable of interest. The majority of 

that research has looked at the question of what drives the choice of nonfinancial performance 

measures in decisionmaking, and examines (via agency-based literature) the choice of nonfinancial 

measures for contracting purposes. 

Relatively little research focuses on the choice of variables such as (but not necessarily 

embracing only) nonfinancial performance measures that are predictive of future financial 

performance. In particular, there has been no explicit work has specifically examines the determinants 
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of how much contractual emphasis to place on short-term measures that reward long-term 

performance. relative to more traditional contracting variables. The literature review has identified 

that such measures are in widespread use. yet existing theory does not explicitly address why we see 

the emphasis on predictive financial or nonfinancial performance measures that we do in practice. 

Second, the remaining part of the literature focuses on nonfinancial performance 

measurement as an independent variable. This literature shows how variations in nonfinancial 

performance measures can help explain variations in stock price returns and in particular different 

aspects of financial performance, including current and future firm profitability, customer 

profitability. and supplier selection/monitoring practices. Very little work. however. focuses on what 

and bow variations in properties of the nonfinancial performance measures might help explain the 

correlations with financial performance. In essence, the existing research primarily reports that the 

correlations exist and does not specifically attempt to address how the variations in performance 

measurement properties might affect the correlations. 

This thesis addresses the two above-mentioned issues in three ways. First, using principal­

agent analysis, chapter 2 analyzes. absent a capital market, the demand for measures of drivers of 

future performance as contracting variables. Using a model with two compensation dates, the analysis 

and subsequent predictions focus on the emphasis that we might expect to see on measures of drivers 

of future performance relative to traditional financial performance measures. The analysis in chapter 

2 adds specificity to the literature on the choice of performance measures for contracting. 

Second, chapter 4 introduces the capital market into the modelling. This facilitates a relative 

analysis of three alternatives for monetarily rewarding workers for effort that enhances a firm's long­

term profitability: measures of drivers of future performance. traditional financial performance 

measures in future periods, and the stock price. The multi-period analysis thus examines the demand 

for long-term contracting weights in the presence of both stock price and drivers of future 

performance. Previous work has not addressed this issue. Accordingly, chapter 4 adds further 

specificity to the literature that looks at why we choose the performance measures that we do for 
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contracting purposes. 

Third, chapter 3 models the performance consequences of contracting on measures of drivers 

of future performance. By doing so. distinct properties of such performance measures are isolated 

and assessed to be determinants of why we observe certain performance measures, such as many 

nonfinancial performance measures. to be correlated with future financial performance. In this sense. 

chapter 3 represents an extension of previous work that examines performance measurement variables 

as independent variables. 

1.4.2 Existing Findings as Supponfor Modelling Assumptions To Be Used 

Several findings from existing work support modelling assumptions used throughout this 

thesis. Most of the modelling assumptions are self-evident from prior analytical work. However. 

others that are not so evident deserve special mention. These are as follows: 

• Nonfinancial information can affect future performance that is not captured in the stock price or 

accounting statements (see Fornell. et al. 1996). This fmding provides support for the assumption 

throughout this thesis that measures of drivers of future performance are correlated with future 

performance. 

• The use of unobservable (to the researcher) performance measures. (such as. potentially. measures 

of drivers of future performance) in incentive contracting is correlated with future observable firm 

performance (Hayes and Schaefer, 1998). These measures are assumed observable to the 

contracting parties only and are consistent with the firm not publicly releasing measures of drivers 

of future performance. 

• Firms will rely more on non-publicly released signals of performance (such as measures of drivers 

of future performance) for rewarding future performance the more noisier that publicly released 

signals (such as traditional financial performance) are for contracting purposes (Hayes and 

Schaefer, 1998). This finding empirically supports the use of internal measures of performance 

for contracting purposes rather than or to supplement traditional published measures. 
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1.5 Overview of the Organization of the Thesis 

This thesis is organized as follows. Chapter 2 examines the fundamental demand for a 

measure of the drivers of future performance, absent a capital market. The chapter emphasizes the 

impact of variations in the determinants of the demand on the relative choice of weights between a 

measure of drivers of future performance and traditional financial performance measures in the short 

and long term. The chapter also briefly explores the impact on contracting choice of the measure of 

drivers of future performance having signalling capability in both the short and long term. 

Chapter 3 builds on the basic model in chapter 2 and explores the consequences of the chosen 

relative weights. In particular. the properties of predictability and precision of the measure of drivers 

of future performance are explored closely to assess to what extent it is variations in these properties 

that can explain variations in future financial performance. The chapter begins with the optimal 

incentive contracting results of chapter 2, establishes definitions for precision and predictability, and 

analytically develops theory to shed light on the nature of properties that performance measures may 

need to have so that they are useful for foreshadowing long-term profitability. 

Chapter 4 extends the theory in chapter 2 by introducing the capital market into the analysis. 

Basic results consistent with prior work are first established. Two distinct paths are then followed; 

both of which are based on explanations that create a demand for stock price as a noisy contracting 

variable. First, the stock price is assumed to contain information about agent effort not otherwise 

observed by the principal. Tnis assumption is consistent with the analysis presented in Bushman and 

lndjejikian ( 1993a), except that the measure of drivers of future performance is included in the present 

model. Second, the traditional financial performance measures are assumed too costly upon which to 

contract. Accordingly, the analysis focuses directly on the relative choices between a measure of 

drivers of future performance and the stock price as the basis for monetary rewards for long-term 

performance. 
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Chapter 2 

The Demand for Measures of the Drivers of Future Performance 

2.1 Introduction 

Rec.enc trends suggest the importance of the ability of a firm's internal performance 

measurement system to capture the drivers of future performance (DFP). A common trait of most 

DFP measures is the nonfinancial nature of the measurement. Empirical evidence suggests it is 

becoming increasingly common for firms to use nonfinancial measures in compensation contracts (cf. 

Ittner, Larcker and Rajan. 1997). Recent field and survey evidence has shown that firms use both 

non-financial and financial measures in strategic decision-making (Morissette, 1996: Keating, 1996). 

Big Six audit firms are changing their audit methods to focus on key performance indicators 

(interpretable as DFP measures) rather than transactions for auditing non-routine transactions (Bell, 

Marrs, Solomon and Thomas, 1997). Textbooks contend future-oriented, nonfinancial performance 

measures can provide a leading indicator of future financial performance (cf. Atkinson. Banker, 

Kaplan and Young, 1997). 

There has been relatively little work in the accounting academic literature that focuses on the 

type of performance measures chosen to represent DFP. More specifically, little work exists to 

explain why firms use the DFP measures that they do, or why firms choose these measures over other 

types of performance measures in incentive contracts. DFP measures are often difficult to capture, 

tend not to be audited, and their measurement process can be much more subjective than that 

governing the extraction of historical measures of financial performance. Moreover, the DFP 

measures used are highly unlikely to correlate perfectly to the true drivers of future performance. 

Accordingly, while DFP measures potentially have great value in foreshadowing future firm success, 



25 

high uncertainty (relative to traditional fmancial measures of current performance) surrounds their 

use. A tension arises between the use of forward-looking but relatively uncertain DFP measures with 

historically focused but relatively certain financial measures of current performance." 

Analytical work in performance evaluation addresses the general tension in choosing between 

multiple performance measures. The theory derives a demand for additional performance measures. as 

long as any additional performance measure bas incremental information content. A performance 

measures is incrementally informative only if any existing performance measure is not a sufficient 

statistic for the pair of performance measures ( existing and any additional). with respect to effort 

(Feltham and Xie, 1994: Hauser, Simester and Wernerfelt, 1994: Hemmer. 1996). This work assumes 

that the additional performance measure signals an agent's farsighted effort, which is critical to the 

ongoing long-term success of the frrm. 

Field and survey work bas studied potential determinants of the choice of performance 

measures in firms' decision-making ( cf. Morissette, 1996; Keating, 1996). This work is largely 

exploratory and the variables of interest are mostly non-economic in nature. Banker. Potter and 

Srinivasan ( 1997) find a significant association between customer satisfaction measures and future 

financial performance. They also fmd improvements in a firm's nonfmancial measures of 

performance following introduction of an employee incentive plan based on nonfinancial performance 

measures. Other empirical work has tested factors affecting the relative weight given to different 

types of performance measures in reward schemes Ortner, et. al., 1997; Bushman, lndjejikian and 

Smith, 1996). The dependent variable in these papers is the relative weighting on nonfmancial versus 

the financial performance signal, in a reward scheme, at a particular point in time. 

Despite these recent developments in the performance measurement literature, agency theory 

bas offered general insight only. No study bas addressed the specific issues in choosing between DFP 

4 The tension referred to here is not tmlike the classic tension between the use of earnings numbers and the stock price as 
separate performance measures in incentive contracts. Theory suggests that earnings signal the performance of ~ts in 
place, while the stock price signals performance on aggregate activities (Bushman and lndjejikian, 1993a). 
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measures and measures of current financial performance in incentive contracts. Previous work also 

does not explore the impact of variations in economic conditions generating the demand for DFP 

measures on the relative mix ofDFP measures and current financial measures in incentive contracts. 5 

The primary purpose of this chapter is to provide explicit theoretical insight into the observed 

practice of firms including DFP measures to supplement. or replace, financial perf orrnance measures 

in incentive contracts. Accordingly, the analysis first derives the economic conditions that generate 

the demand for DFP measures in incentive contracts. and second investigates the economic impact of 

variations in those economic conditions. Such variations include different proxies for non-DFP 

measures and variations in the signalling capability of the DFP measure to capture both shonsighted 

and farsighted effon. 

This study makes four conmbutions. First. it builds on Holmstrom's (1979) informativeness 

principle and the (multi-dimensional effon) analyses of Hauser, et al. (1994), Feltham and Xie (1994 ). 

and Hemmer ( 1996) by establishing a specific framework that predicts a demand for shon-term 

incentives that reward long-term performance (i.e. measures of DFP). Second. it provides an 

application of the theory by examining the economic consequences of variations in the underlying 

economic conditions that generate a demand for DFP measures. Third. it explores the economic 

consequences of using alternative definitions of financial measures of current performance in 

contracts that are also based on measures of DFP. Founh. it provides specific insight into the 

observed practice of firms using DFP measures to signal both shonsighted and farsighted effon. 

The derivation of optimal incentive weights in this study is closely related to work previously 

established in the accounting literature. In panicular, the optimal incentive weights from the basic 

5 In essence, this chapter views perfonnance measures in two broad groups: market-based and firm-generated. The chapter 
excludes market-based performance measures from incentive contracts to isolate the tensions in the choice between 
different firm-generated performance measures. Firm-generated performance measures are further viewed as either "DFP­
oriented" or "non-DFP-oriented". "DFP-oriented" includes both financial and nonfinancial forward-looking measures of 
performance, but are predominantly represented by nonfinancial performance measures. Essentially "DFP-oriented" 
measures here are indicators of farsighted managerial activities, which primarily drive future profits in this model. While 
.. non-DFP oriented" might also contain both financial and nonfinancial measures of current performance. this analysis is 
restricted to non-DFP measures that reflect different proxies of current financial performance measures only. 
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model in this study can be restated in terms of key results from Feltham and Xie (1994). and Banker 

and Datar (1989).6 The contribution of this work relative to these papers is that this work inc!udes a 

particular parametric structure that aims to capture the specifically observed practice of short-term 

performance incentives being used to reward long-term performance. This generates additional insight 

on how various parameters can affect absolute incentive weights in the established setting. By 

contrast. Feltham and Xie (1994) and Banker and Datar (1989) operate at a more general level. In 

addition. they both are single period models. whereas the model in this study introduces specific 

tensions betWeen the short-term and the long-term. The relative contribution of this work is 

analogous to the relative contnbution of section IV of Feltham and Xie (1994) where specific 

applications of the model are generated to " ... provide further insight into the two different roles of 

additional performance measures." (Feltham and Xie, 1994: 440. emphasis added). 

This chapter is organized as follows. A basic model of the demand for measures of drivers of 

future performance is presented in the next section. Section 3 investigates the consequences of 

variations in economic conditions that generate the demand for DFP measures. Section 4 explores the 

implications of varying the proxy for the non-DFP contractual signal. Section 5 presents an analysis 

of variations in the signalling capability of the DFP measure. Section 6 provides concluding remarks. 

2.2 Basic Model 

Consider a two period model7 in which a principal hires an agent to operate a firm. It is too 

costly for the principal to observe the agent's efforts directly. The agent is risk and effort averse. 

Effort aversion implies that the agent incurs a personal cost to supply effort. The principal can 

diversify risk and is assumed to be risk neutral. The firm's sales are affected by various exogenous 

6 See Appendix 3 for an alternative derivation of the optimal incentive weights in this chapter using key fonnulations in both 
Feltham and Xie ( 1994) and Banker and Datar ( 1989). 

7 Since the compensation for both periods is designed ex-ante and both tasks in the model are perfonned simultaneously in 
the first period. the model could be interpreted as a single period model. However, a key feature of this basic model is that 
there are also two compensation dates and a discount factor, which allows the agent to value compensation in a future 
period differently to the compensation at the end of period 1. This feature adds a multi-period flavor to the model not 
normally seen in single period models. Thus, while this may not be a true multi-period model, the two compensation dates 
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factors captured by the variable, g. These factors increase the prospects of the firm· s goods and 

services being sold. 8 Variable g is observable by both the principal and the agent. The quantity sold 

by the frrm id period I. q 1, is also affected by the amount of shortsighted effort, t/>. undertaken by the 

agent. and the price, p. of the good or service. 9 

Prices and costs in each period are assumed to be observable and exogenously specified. The 

agent's shortsighted effort is assumed to interact with the exogenous non-price factors affecting the 

prospect of goods and services being sold. For convenience, and to capture the effect of shortsighted 

effort increasing 2les at a decreasing rate, the logarithmic function of ¢, is built into the quantity 

function. The quantity to be sold10 (with normally distributed random component. e) for period I can 

be expressed as: 11 

(I) 

The period 2 price, period 2 exogenous factors, and the agent's farsighted effort. l/f. in period 

l all affect period 2 sales. 12 To isolate the shortsighted versus farsighted effort effects. period 2 is 

assumed to be an ending period with no ejfon. As with shortsighted effort, farsighted effort is 

assumed to increase quantity sold at a decreasing rate. Estimated period 2 sales (with normally 

distributed random component, e) are: 

(2) 

At the end of period l the principal is, without cost, able to extract a measure of DFP that 

and the discount factor distinguish this model from true single period models. 
8 An example ofan applicable exogenous factor is the reputation of the firm. 
9 Shortsighted effort includes any agent action that increases short-term consumption of the firm's product. For example: 

attracting new customers; discretionary discounts; or increased sales pressure on an existing customer. 

'
0 Variables denoted with"~" depict random variables. Later denotations of .. -" depict mean values. An index to all other 
notation and the support of each variable used throughout this thesis is presented in Appendix I. 

11 The essence of the quantity sold function reflects an inverse demand function, which is commonly used in models of this 
nature (e.g. see Hauser, et al., 1994). This model's quantity sold function deviates slightly from conventional inverse 
demand functions by assuming an interaction between non-price exogenous factors and the agent's shortsighted or 
farsighted effort. This deviation later simplifies the mathematical analysis. 

12 Farsighted effort includes any agent action that increases long-term customer or employee loyalty. For example: post-sale 
customer satisfaction inquiry; discretionary rewards for frequent purchasers; or detailed feedback on an employee's career 
path. 
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captures with error the impact of period l farsighted effort. In this model. the measure of DFP is 

assumed to be an index of nonfinancial measures commonly observed in practice. such as quality. 

customer satisfaction. employee satisfaction or productivity. Nonfinancial performance measures are 

assumed to be any quantitative performance measures that are not presented as dollar values. Units of 

farsighted effort are directly proportional to the index used to capture the measure of DFP. In essence. 

the DFP measure captures a function of an unobservable parameter (farsighted effort13
) that drives 

future profits. 

For convenience. previous work often assumes the distnbution of the measurement error to be 

normally distnbuted with zero mean. However. consistent with Hemmer (l 996). this model assumes 

that the DFP measure obtains only positive values. As Hemmer observes, performance measures of a 

nonfinancial nature rarely obtain negative values. 14 

Accordingly, the functional form of the DFP measure is assumed to be: 15 

_v = f//E_v (3) 

with ln E,- ~ N(O, o:/). The principal's expected profit. 1t, in period i. i=l. 2 is a function of the 

random quantity variable and exogenous specified price and cost parameters and is given by: 

(4) 

where f = fixed costs identified by the accounting system in period i. i= l. 2; v is the constant 

variable cost per unit sold identified by the accounting system. 

13 For simplicity and without loss of generality, farsighted effort is measured in units. 
•~ An alternative approach would be to assume that the DFP component is the difference between actual and target values 

and therefore could obtain '"negative"' values if actual values exceed target However, the implications of introducing a 
target variable, subjectively specified. are beyond the scope of this study. Yet another approach would be to construct the 
DFP functional form in a manner consistent with the construction of the functional form for the quantity variables. since 
the quantity variables also do not require a zero mean value. However, the assumed quantity functional fonn and the 
continuous time nature of the model imply that cumulative quantities follow a Brownian process with drift E[qJ and 
variance a/. I consider the Brownian process to be inappropriate for the DFP measure. since the DFP measure could 
represent. for example a percentage value between O smd I 00 that does not necessarily correspond to a cumulative 
derivation. 

15 A normal distribution is required to use the Holmstrom and Milgrom ( 1987) optimization framework. However, Hemmer 
also shows how reliance on Holmstrom and Milgrom is still possible (even with only non-negative values ofnonfinancial 
measures) by assuming that the measurement error is lognormally distnbuted. i.e. In e - N(O, o-2). This assumption 
requires a substitution of the logarithmic function of the DFP measure for the DFP component in the compensation 
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At the beginning of period l. the principal announces the agent's reward systems for both 

periods. The reward system for period l is composed of a fixed salary component. a. a component 

based on profit.,z; and a component based on the DFP measure. y. i.e. the noisy measure of farsighted 

effort. 16 The reward system compensates both shortsighted and farsighted efforts in period l to 

induce an optimal allocation of agent efforts between shortsighted and farsighted activities in period 

l. Adapting Hemmer's (1996) Observation 1. the agent reward system for the period l is as follows: 1
~ 

(5) 

In period 2. the component based on the DFP measure is omitted since the second period sales 

reflect the agent's farsighted effort in the period l. Accordingly. the agent is rewarded for that 

farsighted effort in the period 1. to ensure sales are higher in period 2. Hence. rewarding the 

farsighted effort based on the DFP measure in period 2 is redundant. The agent's reward in period 2 

is: 

(6) 

To simplify the mathematical analysis, define a = ln(tp) and b = ln('lf). That is. each unit of a 

orb increases the principal's expected return by one unit of g1 and gi, respectively. The agent faces 

different costs associated with the different effort types. The cost of the agent's effort takes the form 

of a twice-differentiable convex function of a and b: 18 

a1 b 1 

C(a b)=-+-• 2 2 
(7) 

After the announcement of the reward system in period l. the agent exerts both shortsighted 

and farsighted effort to maximise his expected utility. The agent's utility function reflects constant 

function (Hemmer, 1996, Observation I, Appendix 8). 
16 The use ofa second component in the compensation function is consistent with Holmstrom's (1979) result that a second 

signal of perfonnance is valuable if it is informative i.e. the first signal is not a sufficient statistic for the pair of 
performance signals. with respect to effort. 

17 This model makes no claim that linear compensation contracts are optimal. Rather, this model assumes that given linear 
compensation contracts exist. how might such a contract be optimally structured? 

18 Note that the convexity in the following equation is not convex in the original decision variables. q, and y,. However, the 
substitution of the original decision variables (the costs of which are not convex) follows that of Hemmer ( 1996). The 
results from both this and Hemmer's model are not sensitive to this substitution or to the lack of convexity in the costs of 
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absolute risk aversion. Accordingly, with the variable r representing the Arrow-Pran measure of 

absolute risk aversion. the agent's utility function is: 

U(·) = 1- e -'1 w1 •ow2-C(a.b)) 
(8) 

The variable 8 represents the discount factor used by the agent to evaluate period 2 values. 

which enables the agent to assess expected utility at one point in time. 8 is assumed non-negative and 

less than 1. The principal also discounts the future, but her discount factor is normalised co 1. 

Assuming different discount rates for the principal and the agent provides insight later on the impact 

of variations in the discount factor on the optimal contractual weights, which has implications for 

contract design. 

The model assumes that the agent discounts the future period at a greater rate than the 

principal does. This is consistent with a number of descriptively realistic scenarios for how the agent 

views the future. For example, the agent might not expect to be employed by the principal in the 

future period and therefore would be unable to collect the end period rewards. This expectation 

might arise because at the end of period 1 the agent might be planning to retire, get promoted within 

the firm, or seek bener employment prospects external to the firm. 

An alternative scenario consistent with the agent's discount factor being less than the 

principal's is that the agent may be concerned that the principal will decide to change the reward 

system for the future period, after period l has elapsed. This assumes the principal has incentive at 

the end of period l to breach the employment contract offered to the agent at the start of period 1. A 

third scenario potentially explaining the agent's lower discount factor is that the principal has access 

to capital markets. Accordingly, assuming the agent is a net borrower of funds, the principal can 

borrow funds at a lower rate than the agent can. 

Overall, the role of the discount factor in this model is to reflect issues observed in practice 

concerning the management of employees over time. Several issues can be captured by the discount 

the original decision variables. 
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factor, 8. First. a large value of 8 is consistent with finllS developing employee loyalty. 19 For 

example, firms can develop employee loyalty through employee empowerment. internal job-rotation 

plans, and career development programs (Bernst~ 1998). The model here can provide insight about 

the impact of employee loyalty on optimal incentive weights and payoffs to the principal. 

Second, a small value of 8 is consistent with employees having short-term myopia. Excessive 

focus on the short-term is a commonly observed phenomenon in American corporations (e.g. see 

Kaplan and Atkinson, 1998). The intuitive impact of short-term myopia is that it will adversely 

affect the payoffs to the principal and will change the optimal incentives payable to the agent. The 

model here is capable of showing both of these effects. 

Third, 8 can be interpreted as capturing the seniority of an employee. The more (less) senior 

the employee. the less (more) the number of years that an employee must work before retirement, the 

greater the prospect that the employee will be employed with the firm for life. and the greater (lower) 

the value of the discount factor. Accordingly, this model could also be regarded as providing insight 

on the impact of employee seniority on the choice of contracting incentives and the principal's 

payoffs. 

A fourth interpretation of the role of 8 is that it can capture specific issues of human resource 

management such as deferred compensation and severance pay. In the case of deferred compensation. 

the discount factor can represent the employee's aversion toward deferred compensation. The greater 

the aversion, the lower the value of 8. In the case of severance pay, the discount factor can represent 

the relative extent of the severance pay. For example, the longer (shorter) the number of years of 

19 Employee loyalty can alternatively be defined as the probability of an employee leaving the firm. In this model the 
probability of leaving the firm could be regarded as being unimponant to the principal, since the employee does not 
perform any activity in the second period. However, from the point of view of the employee. the rewards payable at the 
end of the second period will strongly influence the decision of the employee to leave the firm any time before the end of 
period 2. If the employee perceives he will generate higher utility by accepting employment elsewhere and forgoing 
rewards with the firm that become payable at the end of period 2 (after exerting no effort in period 2). then he will likely 
leave. Otherwise he will likely stay with the firm. Thus. despite the employee not exerting effort in period 2, the timing of 
the payoffs will likely affect the magnitude of the employee's discount factor, such that S could be interpreted as a 
probability of the employee leaving the firm before the end of the two periods. 
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service by the employee, the greater (lower) the relative extent of the severance pay, and the greater 

(lower) the value of the discount factor. Accordingly, the impact of employee aversion to deferred 

compensation and the extent of severance pay on both contracting weights and payoffs to a principal 

can be interpreted from this model. 

The operation of the basic model can be summarized as follows. In period l. the amount of 

goods or services sold is based on non-price exogenous factors, agent shortsighted effon, and price. 

At the end of period 1 the principal measures profits, extracts the DFP measure, and rewards the 

agent. In period 2 quantities are sold based on non-price exogenous factors, price. and the farsighted 

effort from period 1. At the end of period 2 the principal measures period 2 profits and pays a reward 

to the agent. 

With normally distributed uncertainty and negative exponential utility, the agent's problem 

can be expressed as maximising the certainty equivalent of the expected utility (Holmstrom and 

Milgrom, 1987).20 In this case, the certainty equivalent (CE) is the same as the mean value of the 

compensation less the risk premium. Formally: 

where a/ is the variance of the distribution associated with variable i. i = q 1, q1, y. 11 

Substituting equations (1), (2), (3) and (4) into (9) and differentiating with respect to shonsighted and 

farsighted effon yields the optimal effort choices by the agent. Here:11 

(10) 

(11) 

The results reveal that the agent's optimal shortsighted effort depends on the interaction 

20 The first-order approach yields a global maximum in this case because of the assumed linearity of the agent's 
compensation function, which ensures the agent's overall decision problem is strictly concave. 

21 Strictly speaking. the subscript notations should be either denoted with .. _., {to reflect the random nature of the variance) 
or refer directly to the error term. However. consistent with notation conventions chosen in related models {e.g. Hauser, et 
al., 1994 ), the subscript notations chosen throughout this thesis are simplified to identify the broader variables of interest, 
i.e. q,, q;i, y. 
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between the period l weight on the financial performance measure. exogenous non-price factors. and 

the marginal revenue earned by the fmn. The functional relationship is increasing. assuming a 

positive contnbution margin. This seems plausible since any increases in the financial performance 

incentive weight, exogenous non-price influences, and marginal revenue encourage the agent to exert 

greater effort. Similarly, the agent's optimal farsighted effort is an increasing function that depends 

on the corresponding interaction in period 2 plus the weight on the DFP measure in period I. The 

agent is thus motivated to provide farsighted effort by both the DFP in period l and the expectation of 

profits in period 2. 

The optimal levels of a* and b* are likely to be non-negative because of the following: 

(i) the incentive contract weights in equilibrium are non-negative (see analysis below) 

(ii) the impact of exogenous non-price factors is non-negative (otherwise the quantity to 

be sold will be negative) 

(iii) 8 is assumed to be non-negative and less than l. 

(iv) contnbution margins are positive or else the firm is bener off not producing in the 

short-run. 

Positive values of shortsighted and farsighted effort are consistent with the following 

intuition. If the principal imposes more risk on a risk averse agent via an incentive contract then she 

must pay a risk premium to the agent. To receive the risk premium. the agent must respond by 

exerting positive effort levels. 

To ensure the agent accepts the incentive contract, the principal is constrained to meet the 

agent's reservation utility in each period. For notational simplicity, the agent's reservation utility is 

assumed to be zero. The individual rationality constraints are assumed to hold period by period. 23 

For periods I and 2 these constraints can be expressed as: 

22 Second order conditions confinn a maximum. 
23 Accordingly, the only role for the fixed salary in each period is to balance the individual rationality constraint so that the 

agent's reservation utility is zero. 
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(12) 

(13) 

The principal's problem is to maximise profits subject to the agent's incentive compatibility 

and individual rationality constraints. The principal's maximization problem is: 

(14) 

Substituting the optimal effort values and appropriate expressions into equation {14) and 

differentiating with respect to y yields: 

y· = g2(P2 -v2)(l-8/J2) 

l+ra-; 

Clearly, y* will be zero only if any one of the following conditions hold: 

(i) There is no impact from exogenous non-price factors (gi=O) 

(ii) The firm has a zero conmbution margin (vi= Pi) in period 2. 

(15) 

(iii) The product of the weight on the financial performance measure and the agent's 

discount factor equals 1. 

None of these conditions is likely to hold. First, a plausible assumption would be that non­

price factors would always affect the firm's activities. For example, it seems reasonable that 

customers of a firm would be influenced by factors such as the firm's reputation before choosing to 

purchase goods. Thus, the first condition would not hold. 24 Second, it is also reasonable to assume 

that the principal will produce in the short-run only if marginal revenue is positive, so a zero 

conmbution margin (the second condition) will not hold. Third, 8 is, by assumption, always less than 

1 and /32, by definition, will always be less than l or else the agent would, in effect, be treated as if he 

was the principal. Accordingly, if either 8 < 1 or Pi< l, the third condition will not hold. Thus, the 

24 Further, zero values of non-price factors generate a (degenerate) negative quantity value, under the assumed quantity 
functional form. 
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DFP weight in the agent's incentive contract will most likely take on a non-zero value. 

Further analysis reveals that the optimal incentive weights on the financial performance 

measures and the DFP measure can be expressed in terms of the exogenous variables only.25 The 

optimal weight on the financial performance measure in period I is: 

{16) 

Under the assumptions of the model. this weight will always be positive. The positive value 

rewards the agent for allocating effort to shortsighted activities. The weight is independent of both 

the uncertainty associated with quantities sold in period 2 and the precision26 of the DFP measure in 

period I. Thus, the risk to the agent of this component of the incentive contract is driven only by the 

exogenous non-price parameters in period 1 and (in an inverse manner) the product of the agent's own 

risk aversion parameter and the uncertainty of the period I sales estimate. 

The optimal weight on the financial performance measure in period 2 is: 

( I 7) 

Under the assumptions of the model. the sign of this variable will always be positive. This 

motivates the agent to exert positive effort on farsighted activities. Observe that the optimal weight 

depends on both the DFP measurement variance (a-\) and exogenous parameters that can affect period 

2 financial performance (g1_ 8, <fq1). Thus, the optimal weight on the financial performance measure 

in period 2 rewards the agent's farsighted effort, in period 2. Note though that, in period I the weight 

on the DFP measure will also reward farsighted effort. In essence, /32 and rare substitutes in inducing 

optimal levels of farsighted effort.27 

The substitution effect works as follows. The principal's objective is to increase the weight 

25 For proof of optimal incentive weights, see Appendix 2. 
26 Precision is defined throughout this chapter as the inverse of the variance of the distribution. 
27 Note, however, shortsighted effon and farsighted effort are not substitutes in this model. 
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that will allow her to satisfy the agent's reservation utility and minimize the agency cost caused by the 

agent's required risk premium. It is clear from the individual rationality constraints (equations (12) 

and (13)), that the greater the variance in fmancial performance measure in period 2 (ciq2 ) or the 

greater the variance in the DFP measure (ci_11) then the greater the risk premium payable to the agent. 

Accordingly, if either variance is relatively high then the principal will place greater emphasis on the 

substitute performance measure, because emphasizing the substitute will mean that the principal can 

satisfy the reservation utility and pay a relatively lower risk premium. This leads to higher returns 

(than if the principal did not use substitution) for the principal. 

The optimal weight on the DFP measure is as follows: 

(18) 

Since the DFP measure captures farsighted effon, the determinants of the weight are period 2 

exogenous parameters. To avoid duplication, y* considers how well /3.z* induces farsighted effon in 

period 2. At one extreme if the principal had perfect foreknowledge of the quantities to be sold in 

period 2, then the principal is able to determine the agent's farsighted effons in period 1 and later 

reward them in period 2. That is, the DFP incentive component would not be required. Consistent 

with this intuition, if ci q.Z = 0 then y* = 0. An implication for incentive contract design is that perfect 

cenainty removes the need for DFP measure. 

In the limit if the DFP measure did a perfect job of capturing farsighted effon. then the 

principal would not need to reward financial performance in period 2. Consistent with this intuition, a 

perfectly noiseless DFP signal (i.e. rl_v = 0) would cause /32* to be zero. Consequently, from equation 

(18) if the DFP measure was a perfectly noiseless signal then y* is simply the interaction of non-price 

exogenous factors and the period 2 contribution margin. An implication for incentive contract design 

is that if a DFP measure is a perfect predictor of future profitability, then future financial performance 

measurement can be removed from the agent's contract. 
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A further important insight from r- concerns the discount factor. At an extreme. if the agent 

bas no intention of remaining employed by the principal in period 2 (i.e. 8 = 0). then r- remains 

positive but is now unaffected by the uncertainty of the period 2 sales estimate. This suggests that an 

important property of a DFP measure is that it can induce allocations of effort to farsighted activities. 

even if the agent has a very short time horizon.28 This is because the reward for the DFP measure is 

paid in period l, which induces farsighted effort in period l. so that even if the agent leaves after 

period 1, the reward system bas already induced the optimal levels of farsighted effort to maximise 

period 2 profitability. 

A related insight is that the second period individual rationality constraint limits but does not 

completely remove the principal's ability to exploit the difference in the time preferences for money. 

Technically, the individual rationality constraint in period 2 implies that the period 2 expected wages 

must equal the period 2 risk premium. As 8 decreases from 1, therefore. the principal can decrease 

period 2 expected wages only if the period 2 risk premium decreases. To decrease the period 2 risk 

premium. Pi must decrease. The decrease in {31 is associated with an increase in r to maintain 

farsighted effort. The increase in y (and the associated increase in the period one risk premium) 

corresponds to an increase in period l expected wages. Thus, the relative profitability of 

compensating the manager with w1 rather than w2 (i.e. the quasi money pump arising from assuming a 

discount factor) does in fact cause the principal to decrease E[~] and increase E[wi]. 

In general, the optimal value of r- generates the same interpretations as those from equation 

(15). However, since equation (18) is now a function of only exogenous variables, the third condition 

discussed above becomes redundant under the original assumptions of the model. This suggests the 

following: 

28 The same can be said about a contract based on accounting earnings and the firm's stock price. The inclusion of the stock 
price in the incentive contract provides incentive for the agent not to defer, for example. research and development 
activities to maximize shon-term profits and then leave the firm at the end of the short-term. This analysis excludes the 
stock price as a component of tile incentive contract so as to isolate a similar incentive-related propeny of the DFP 
measure. 



Observation 1: 

Under the given assumptions of the model. whenever a firm: 

(i) is affected by exogenous non-price factors: 

(ii) has a positive contribution margin; 

then the agent 's compensation scheme in period 1 will optimal~v require an incentive 

based on both a net profit performance measure and a DFP measure . 

39 

Assuming a non-negative non-prices impact, and a positive contnbution margin. one would 

reasonably expect the coefficient (or weight) on the DFP measure to be positive. A positive weight 

will mean that profit improvements are non-negative. 

In effect, Observation l is a restatement of the informativeness principle for the specific 

context of short-term incentives rewarding both short-term and long-term performance. Neither ln(.v) 

nor 1r2 are informative about shortsighted effort. Only 1r1 is informative in the sense of Holmstrom 

( 1979) and it will be used as the basis for rewarding short-term performance in the optimal contract in 

period l. As the basis for rewards for long-term performance. neither ln(.v) nor 1r2 are sufficient for the 

pair [ln(y), 1r2] in the sense of Holmstrom ( 1979), so that both ln(y) and 1r2 are contractible. The DFP 

measure, ln(y), will be used in the contract in period l and 1r2 will be used in the contract in period 2. 

2.3 Variations in Underlying Economic Variables 

The weight on the DFP measure in the optimal incentive contract is a function of a number of 

different exogenous economic variables. The purpose of this section is to explore variations in the 

values of those variables to gain insight about the impact of the underlying economic conditions on 

the choice of the DFP incentive weight. Such analysis generates a systematic framework of predictive 

observations that can provide a basis for later empirical testing. Throughout the following analysis, 

comparative statics are used to yield the generalizable observations. 

2.3.1 The Impact of Permanent Variations in Contribution Margin 

Suppose the principal acquires technology or improves productivity, which causes the 

contribution margin of its product to increase through decreased variable costs of production per 
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product. 29 An increase in contribution margin might also arise from an exogenous increase in the price 

of the good to be sold. Given that ;-- is a function of both prices and variable costs. it is interesting to 

determine how these structural financial variations will affect the principal's choice of an agent's 

reward system. Specifically, it is of interest in this chapter to determine whether such variations 

would. in equilibrium. influence the weight placed on the DFP measure in the incentive contract. If it 

does. then the analysis highlights a theoretical determinant of variations to incentive contracts based 

on both financial and DFP measurements. 

Since. in (18), ;-- is clearly increasing in contnbution margin. (p2 - v2). then: 

Observation 2: 

Under the assumptions of the model. permanent increases (decreases) in contribution 

margin .,..ill lead to a greater (lower) weight on the DFP measure. 

Intuitively, increases in the period 2 contnbution margin leads to increases in the agent's 

optimal farsighted effort. Higher effort levels generate higher returns for the principal. To induce the 

higher levels of farsighted effort. the principal chooses to increase either the /32 or y weights. 

However. as the risk premium expression ( equation ( 12)) indicates, simultaneously increasing 

contnbution margin and /32 leads to a higher risk premium payable to the agent. relative to 

simultaneously increasing contribution margin and y. Thus. if contribution margin increases, the 

principal will have an incentive to increase y rather than /32, to minimize the agent's risk premium 

payable and maximize the principal's expected return. This intuition is confirmed by examining the 

f3i° expression ( equation ( 17)). The /3/ weight is optimally generated independent of the contnbution 

margin levels. 30 

29 Alternatively, the principal may reduce any excess capacity of the workforce, which reduces variable costs per unit sold. 
30 The effective incentive weight includes all variables used to induce effort and can be identified in the agent's optimal effon 

expression. The explicil weight is the actual weight variable (e.g. y, /Ji) chosen in the optimal contract. Note that if effective 
rather than explicit incentive weights are considered then the insight of Observation 2 applies to both r and fh. The 
effective weight for the DFP measure is the same as the explicit weight, i.e. y. However, the effective weight for the 
financial measure in period 2 is the second term in the optimal farsighted effort level. i.e. o/J,_g2(pi - v2), whereas the 
explicit weight is simply /Ji. The derivative of the effective weight on the financial performance measure in period 2, with 
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In general. the model suggests that the substitutability property of the DFP measure in 

inducing farsighted effort can lead to the principal paying a relatively lower risk premium and earning 

relatively higher expected returns. Hence. in this case. contnbution margin increases (decreases) will 

in equilibrium lead to the principal increasing (decreasing) in the DFP weight. 

2.3.2 The Impact of Variations in An Agent's Discount Factor 

Hauser et al. (1994) show that if an agent varies the way she discounts the future. then this 

will directly affect the optimal weight on a customer satisfaction (i.e. non-financial) incentive. Given 

that a discount factor appears in the expression for r- above. it seems plausible to expect that a similar 

result will follow. Increases (decreases) in the discount factor ~an be interpreted as the agent valuing 

the future more (less) than previously. 

By ( 18). the sign of,,., as a function of 8, is determined by the sign of: 

F(8)= l-8+82 
- L82 + M(l-8+8 2

) 

where: L = g; a-;,(> 0) and M = CT~:? (r CT~-+ 1), (> 0) 

This leads to: 

Observation 3: 

Under the assumptions of the model. increases (decreases) in the agent's discount factor 

will lead to lower (greater) weight on the DFP measure. 

Proof: See Appendix 2. 

(19) 

The implications of this observation is that if a principal has been able to influence the way 

the agent discounts the future, then it will affect the choices she makes in the agent's reward system. 

relative to other firms. To illustrate, one way that the agent assesses the discount factor is by 

analysing the prospects of remaining in the same employment (versus other opportunities) and 

collecting future remuneration. If an agent perceives his employment context as a temporary position 

and expects to be employed elsewhere in period 2 then he may apply a discount factor of 0. 

respect to contribution margin. is positive. 
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If. however, the agent was induced through non-monetary incentives to remain in the same 

position in period 2 then he might use a discount factor of closer to l. An example of a non-monetary 

incentive might be a job title or working hours compatible with a greater balance of life between work 

and home. This raises the question of to what extent do firms consider a manager's career 

development (including non-monetary incentives) before determining the weight on a DFP measure. 

This analysis suggests that in optimality a manager's expectations about future employment prospects 

have a direct effect on the coefficient chosen on the DFP measure. 

An important implication of assuming a discount factor in this model is that the principal will 

have an incentive to decrease the expected value of the agent's reward in period 2. relative to the 

expected value of the agent's reward in period l. Moreover, the existence of a weight on a DFP 

measure, which acts as a substitute for the weight on the period 2 financial signal, provides the 

principal with a mechanism with which to exploit this incentive. Technically. since the period 2 

individual rationality constraint must hold, the only way the principal can exploit a limited incentive 

for earning higher payoffs (via a quasi money pump) is to reduce the period 2 risk premium by 

reducing the weight on the period 2 financial signal, i.e. /Ji. To preserve farsighted effort levels, the 

reduction in Pi must be accompanied by an increase in y. Accordingly, the expected value of period l 

rewards (i.e. the risk premium in period l) will increase relative to the expected value of period 2 

rewards (i.e. the risk premium in period 2). 

Further insight into the impact of the discount factor can be gained from observing changes in 

the weight on the period 2 financial signal with respect to changes in o. The derivative is positive, 

indicating that the less the agent discounts the future, or the greater the value of o, the greater the 

emphasis that can be placed on financial performance incentives in future periods. Overall then, the 

impact of the discount factor suggests that the greater the bond between the firm and the employee, 

the greater the emphasis that can be placed on future financial incentives and the less the need for 

DFP-type incentives. Conversely, financial performance incentives will be less useful and DFP 
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incentives more useful where employees do not expect to be employed in a particular position in the 

long-term. 

2.3.3 The Impact of Variations in the DFP Measure Precision & The Agent's Risk Aversion 

From equation ( 18) the value of the DFP weight is inversely related to the product of the 

variance arising from the measurement of the DFP measure and the agent's degree of risk aversion. 

At one extreme an almost noiseless DFP measure (i.e. variance of y tends to zero) will lead to a large 

absolute weight on the DFP measure relative to the case where the accounting system generates a 

poor measure of the DFP. Similarly, an agent with low risk aversion (i.e. r tends to zero) will provide 

incentive for the principal to place a large weight on the DFP measure relative to the case where the 

agent is highly risk averse. It is clear from equation ( 18) that increases in either the DFP 

measurement variance (i.e. decreases in the DFP measurement precision) or the risk aversion factor 

will increase the denominator of y"' and thus have an inverse effect on the DFP measurement weight. 31 

Accordingly: 

Observation 4: 

Under the assumptions of the model. if: 

(i} the DFP are measured with greater (/oKJer) precision; or 

(ii) the agent, relative to other agents. is Jess (more) risk averse; 

then the principal wiil place a greater (/o-werJ weight on the DFP measure. 

Proof: See Appendix 2. 

This intuition behind this Observation is twofold. First. as DFP are measured more precisely, 

more of the agent's farsighted effort is observable to the principal. Contracting on a measure that 

captures more farsighted effort reduces agency costs because it imposes less risk on the agent, 

resulting in a lower risk premium payable to the agent. Lower agency costs improve the principal's 

expected returns. Second, as the agent becomes less risk averse, the principal must induce optimal 

31 I took the derivative of r-, with respect to the DFP measurement precision and the risk aversion factor, respectively. The 
resulting expression was negative and confirmed the obvious result that both the DFP measurement variance and risk 
aversion are inversely related to the DFP contractual weight. 
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agent effort allocations by imposing more risk on the agent. The reduction in the agent's risk aversion 

is in effect offset by the principal increasing the incentive part of the contract (i.e. increasing y). 

These insights have practical implications for the design of incentive contracts. If the 

principal can improve the precision of the DFP in estimating future financial returns. then the 

incentive contract requires increased weight on the DFP measure. Similarly. if the agent's risk 

aversion can be reduced without monetary incentive. then the DFP contractual weight needs to be 

increased to reflect the ability of the principal to impose greater risk on the agent. 

2.3.4 The Impact of Variations in the Uncenainry of Sales Quantity Estimates 

It is not immediately obvious from equation ( 18) what impact variations in the uncertainty of 

sales quantity estimates will have on y"'. However, the derivative oft' with respect to d"2 is positive. 

This suggests the following: 

Observation 5: 

Under the assumptions of the model. if the uncertainty of the sales quantity estimate is 

increased (decreased), then the principal will place a greater (lower) weight on the DFP 

measure. 

Proof: See Appendix 2. 

This Observation states that if the uncertainty of the sales quantity estimate increases then the 

optimal t' will increase. Greater uncertainty of the sales quantity means the use of /3: * to induce 

farsighted effort in period 1 will lead to a relatively higher risk premium. Alternatively, the principal 

can increase her returns by relying more on y"', which generates a relatively lower risk premium, to 

induce farsighted effort. Thus, the principal will want to increase t' and decrease /31 • to increase her 

returns. A check of the expression for /31 * confirms this intuition, since increases in uncertainty 

cause the optimal /31 * to decrease. Accordingly, reliance on the DFP measure increases, to provide 

sufficient overall incentive for the agent to exert farsighted effort at a relatively lower risk premium 

payable to the agent. 
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2.3.5 The Impact of Variations in Non-Price Exogenous Factors 

It is also not immediately obvious from equation ( 18) what impact variations in non-price 

exogenous factors will have on y*. Indeed. the derivative of r* with respect to gJ is ambiguous. This 

suggests the following: 

Observation 6: 

In addition to the basic assumptions of the model. assume a variation in the impact of 

non-price exogenous factors in period 2. The subsequent impact on the optimal DFP 

measurement weight will depend on the functional relationship between the non-price 

exogenous factors and the determinants of the relative risk premium payable associated 

with adjusting the incentive weights that induce farsighted effort. 

Proof: See Appendix 2. 

The intuition for this ambiguous result is straightforward. Variations in g: directly affect the 

farsighted effort level. To induce the farsighted effort level back to the optimal level. the principal 

can choose to adjust either the r* or {32* incentive weights. The principal's decision is guided by the 

relative risk premium payable to the agent while adjusting either or both of the incentive weights 

affecting farsighted effort. The determinants of the relative risk premium payable when choosing 

between y* or {32* are the agent's discount factor. the period 2 contribution margin, the uncertainty of 

the sales quantity estimate and the variance of the DFP measure. Depending on the relative 

magnitudes of these determinants, the adjustment of the incentive weight in response to variations in 

g2 can be either upward or downward. 32 

Additional insight is revealed through further analysis. By ( 18) the sign of y* as a function of 

32 The comparative statics 1U1derlying Observations 2, 4, 5 and 6 can alternatively be derived by manipulating the general 
parameters of Feltham and Xie ( 1994) (see Appendix 3 to this thesis for a comparison of the different approaches). In 
addition Bushman and Indjejikian (1993a), corollaries 1, 2, and 3 generate similar comparative statics. However, the 
comparative statics presented here differ from the results in each of these papers as follows. First. the analysis here 
provides insight pertaining to two compensation dates and operates at a more specific level than the general analysis in 
Feltham and Xie (1994), which does not report comparative statics. Second, the analysis here introduces a non-earnings, 
non-stock price contractual variable whereas Bushman and Indjejikian (1993a) focus on how differences in the information 
content of an earnings-based variable can affect the relative weights on an earnings-based and a stock price-based 
contractual variable. Consequently, the comparative statics presented in this study relate to a more specific setting and to 
different types of performance measures than the comparative statics presented in Feltham and Xie (1994) or Bushman and 
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g1 is determined by the sign of: 

r *(g2)~ !2 
Lg2 +M 

where: L=a;82.(>0) andM=a~2(l-8+8 2 )(ra;+I). (>0) 

Taking the derivative of y*(gJ) with respect to g1 yields: 

or *(g2) M- Lg; 

ag1 ~(Lg;+ M) 

Now, M-Lg; >0, ifandonlyifg2 <.Jo/r , Thus: 

ar *(g,) . . 
~ - > o. 1f and only 1f: 
og2 

aq1 .J(1-8 + 8 1 Xra;. + I) 
g,<----------

- a_v8 

This implies the following: 

(i) If eitheraq1 or r is small. then the right-hand side of the above equation will be small. 

Accordingly, in this case, increases (decreases) in period 2 non-price exogenous 

factors will lead to decreases (increases) in the relative weight on the DFP measure. 

(ii) If either 8 or CTv is small. then the right-hand side of the above equation will be 

relatively large. Accordingly, in this case, increases (decreases) in period 2 non-price 

exogenous factors will lead to decreases (increases) in the relative weight on the DFP 

measure. 

2.4 Variations in the Proxy for the Financial Performance Measure 

Hauser, et al. (1994) analyze the context of customer satisfaction incentives. One of the 

findings of that paper is qualitatively the same as Observation 1, however, one of the differences in 

their model is that quantity sold is used as the financial performance measure in the agent reward 

system. The modelling in this chapter assumes that the financial performance measure used in the 

Indjej ilcian ( 1993a). 
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agent reward system incorporates not only quantity. but also product price and the cost of making the 

good or service available for sale. Two questions arise. First. does a principars choice of the rype of 

financial performance measure in an incentive contract influence whether a DFP measure is optimally 

desirable in the same contract?33 Second. do different financial performance measures lead to different 

DFP contractual weights? To address these questions I analyze four different definitions of a financial 

performance measure. These definitions are extracted from prior research. textbooks. and commonly 

observed definitions used in practice. They are: 

(i) Net Accounting Profit: as per Observation l 

(ii) Gross Revenue: p;q; 

(iii) Quantity Sold: q; 

(iv) Residual Income: {p;- vJ q; - J;- K(A). where K is a percentage parameter and A is 

net total assets of the firm 34 

The results of the modelling lead to the following: 

Observation 7: 

(i) Qualitative(v the same result as Observation I obtains irrespective of whether 

net profit, gross revenue, quantity sold or residual income is used as the 

financial performance measure. 

(ii) Equivalent incentive -..veights on the financial performance signal in each period 

obtain irrespective of the basis used for the financial performance measurement. 

Ho-..vever, the incentive -..veight on the DFP measure may depend on the type of 

financial performance measurement used. 

Proof: See Appendix 2. 

Three implications of this Observation are relevant for contract design. First. the choice of 

33 A related question is why do firms choose the financial performance measure that they do in incentive contracts? The 
model presented here does not attempt to address this related issue. The model intends to show that in equilibrium the type 
of financial performance measure chosen does not affect the theoretically derived demand for a DFP measure in the 
incentive contract. 

34 Note that if K is the firm's weighted average cost of capital and A is the firm's capital, then the given expression also 
resembles the measure, "Economic Value Added" or EV A 9 , which is a registered trademark of the Stem Stewart & Co. 
Ltd. (Smith. 1997). Accordingly, in this model, identical results apply to both Residual Income and Economic Value 
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financial performance measurement basis does not. in itself. affect whether or not a DFP weight is 

optimally desirable in an incentive contract. Second. the choice of financial performance 

measurement basis does not necessarily affect the choice of optimal incentive weights on financial 

performance signals. Third. the choice of financial performance measures can affect the emphasis on 

the optimal incentive weight on the DFP measure. 35 

The intuition for this third implication lies in the result that optimal levels of farsighted effort 

vary with the financial performance signal. Variations in optimal effort levels arising from variations 

in a financial performance signal will provide incentive for the principal to induce different levels of 

farsighted effort from the agent. For example. if the result of the variation in financial performance 

signal generates a higher value of the signal. then the principal earns higher returns by increasing the 

DFP weight (rather than the financial performance measurement weight). This is because a lower risk 

premium is subsequently payable to the agent relative to the premium payable if the weight on the 

financial performance measure were to be adjusted. This results in a net (relative) increase in 

expected returns to the principal. 

2.5 The Impact of Multi-Dimensional Signalling Capability 

The basic model in the previous sections establishes a framework for analysing the conditions 

that predict the demand for a DFP measure in incentive contracts. The basic model assumes the 

measure of DFP is capable of signalling farsighted effort. In practice. however, some performance 

measures that drive future profits may simultaneously signal the agent's farsighted effort levels and to 

Added. 
35 Differences in financial performance measures generated by multiplying by or adding a constant to the measure represent 

only a rescaling of the value of the financial performance measure. This will lead to no change in the incentives required to 
induce the required task because the infonnation content of the financial performance measure is not altered when one 
multiplies by (or adds to it) a known constant unrelated to actions. However, in cases where there are changes to the 
magnitude of effort captured by financial performance measure, it can, as shown in Observation 7, pan ii, lead to changes 
in the explicit weight on the substitute DFP measure. Note also that in the case of performance measures being a function 
of more than one task (later defined as multi-dimensional signalling), rescaling can raise .. congruity" issues along the lines 
of Feltham and Xie ( 1994 ). Both multi-dimensional signalling and congruity issues are beyond the scope of this section. 
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a restricted degree signal the agent's shortsighted effon levels. 36 Such performance measures can be 

defined as having multi-dimensional signalling capability: i.e. the signals are capable of 

simultaneously signalling information about multiple dimensions of an agent's effon. The purpose of 

this section is to consider the economic consequences of a performance measure having l! a'!ulti­

dimensional signalling capability. 

Define H e (0,1) as the degree (or exponent) to which the DFP. measure is capable of 

signalling shortsighted effon, relative to its simultaneous capability of signalling farsighted effon. 

Assume then that the DFP measure captures both shortsighted and farsighted effon as follows: 

(20) 

The agency program is identical to that used earlier. except the DFP measure has multi­

dimensional signalling capability, as represented in the functional form of equation (20). Solving the 

agent's problem leads to the following optimal effon levels: 

a·· = /31 g1 (Pi - vi)+½ Hr 

b"• =8f32g2(P2 -v1)+~r 

(21) 

(22) 

These optimal effon levels are essentially the same as those derived in the basic model. 

except the shonsighted effon is now also a function of the DFP incentive weight. y. Thus. the DFP 

incentive weight, y, induces both farsighted and, to a relatively lesser extent. shonsighted effon. The 

extent to which shonsighted effon is induced by r is restricted by the coefficient, H. Two implications 

arise from the assumption that His less than 1. First, the r weight always affects shonsighted effon to 

a relatively lesser degree than the {31 weight. Second, the r weight always affects farsighted effon to a 

relatively greater degree than it affects shonsighted effon. 

The introduction of the variable H considerably complicates the derivation of the optimal 

36 For example, a perfonnance measure that captures .. quality" might be predominantly focused on capturing farsighted 
effort and reflect a driver of future performance. However, variations in quality could also reflect variations in the nature 
of shortsighted effort supplied by the agent. Thus, the quality measure might simultaneously provide, to a limited degree 
(relative to the signal of farsighted effort), a signal of shortsighted agent effort. 
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y = 
2[a~:(5: -c,+t){(P: -v:)gi(ra~I +gn+ra~l(p, -v,)g,H}+o:a~,(p. -v,)g,g~H] 

0'~2(0
2 -c,+tXra~I +gn+{(s: -S+t)ra~: +8:g;}{H

2
a~, +4a'.(ra~I +g,2)} 

This suggests the following: 

Observation 8: 

Under the assumptions of the model, the introduction of a DFP measure .,.,'ith multi­

dimensional signalling capability leads to the introduction of trade-offs between all three 

performance measures in the model. 

Proof: See Appendix 2. 

so 

(23) 

(24) 

(25) 

Accordingly, a fundamental implication of introducing the multi-dimensional signalling 

capability is that variations in the precision of any of the performance measures will now affect the 

optimal incentive weights on all three performance measures in the model. In the basic model. a 

trade-off exists only between the DFP measure and the financial performance measurement weights in 

period 2. In essence, this result is an application of the types of multi-tasking issues analyzed in 

Holmstrom and Milgrom (l 99 l ), Bushman and Indjejikian ( 1993a. 1993b) and Feltham and Xie 

( 1994 ), among others. The difference here is that the context of short-term incentives providing 

rewards for long-term performance is specifically modelled. 

It is clear from the above that y .. will always be a positive value. However, under certain 

conditions it is possible for either 13, •• or {3/
0 

to obtain negative values. Further analysis reveals the 

possible intuition for this result. The intuition lies in the conflict between the multi-dimensional 

signalling capability of the DFP measure, and the single dimensional nature of the incentive weight on 

farsighted effort. The value of y"" that is necessary for helping to induce optimal levels of 

shortsighted effort is unlikely to be the same value of y"" that is necessary for inducing optimal levels 
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of farsighted effort. Accordingly. a compensating adjustment of either /31 •• or {31 •• is necessary to 

ensure optimal allocation of effort along both the shortsighted and farsighted dimensions. 

For example. as the multi-dimensional DFP measure becomes increasingly noiseless (i.e. ri, 

tends to O). 37 a single value of r .. is not able to efficiently perform two separate inducement tasks; i.e. 

firstly, to induce optimal shortsighted effort and secondly. to induce optimal farsighted effort. 

Accordingly. the value of r.. is set at a value that helps induce optimal shortsighted effort levels. 

However, the selected value of r.. leads to higher than optimal levels of farsighted effort. This 

suboptimal inducement of farsighted effort is remedied by a compensating adjustment of the incentive 

weight on financial performance in period 2. /31... It is possible for the compensating adjustment of 

{32 .. to yield a negative value of /32 ... Thus. under certain conditions, 13/• can be optimally chosen to 

act as a disincentive in the solution to the multi-dimensional signalling model. 

2.6 Conclusion 

Recent trends suggest increasing use of performance measures that reflect drivers of future 

performance. Yet. there has been relatively little academic research that studies why firms use DFP 

measures rather than (or to supplement) financial performance measurement in incentive contracts, or 

why firms use the weights on the DFP measures that they do. Agency theory offers general insight but 

does not address specific properties of DFP measures. In particular, textbooks and practitioners 

contend that many DFP measures, such as nonfinancial measures. are a leading indicator of the future 

profitability of the firm. This chapter developed an agency model of the economic demand for DFP 

measures in incentive contracts and explored the economic consequences of variations in the 

conditions generating the demand for DFP measures. 

The results in this chapter show that under the assumptions, the principal will optimally offer 

an incentive contract that includes positive weight on both financial and DFP measurements. 

37 Chapter 3 of this thesis explores in greater depth the impact of variations in measurement precision on optimal incentive 
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Increases {decreases) in contnbution margin. an agent's discount factor, the DFP measurement 

precision, or the uncertainty of the future sales estimate lead to a greater {lower) optimal weight on the 

DFP measure. Variations in the proxy for the financial performance measure in the model do not 

qualitatively change the demand for the DFP measure. However, the relative weights on the financial 

performance measure and the DFP measure, in optimality, vary according to the type of financial 

performance proxy used Variations in the signalling capability of the DFP measure leads to 

increased trade-offs in the substitution of weights on fmancial performance measures for the weight 

on the DFP measure. 

The results suggest two important intuitive properties of DFP measures that provide insights 

into the popularity of the measures in practice. First, in incentive contracting, DFP measures can be 

substituted for current and future financial performance measures to induce farsighted effort more 

efficiently, leading to greater returns for the principal. Second, DFP measures can overcome the 

problem of an agent becoming myopically focused on short-term performance and leaving the firm 

before long-term performance sets in. 

weights and the principal's returns. 



Chapter 3 

The Economic Consequences of the Precision and Predictability of the 
Measures of the Drivers of Future Performance 

3.1 Introduction 

53 

Measures of drivers of future performance (Df P) are being increasingly used in practice for 

performance evaluation in both the private (see Banker, Potter and Srinivasan. 1997) and public 

sectors (cf. Government of Alberta, 1997). One possible explanation for their increasing popularity 

is the assertion that firms that use DFP can earn higher payoffs. Agency theory might be used to 

argue that higher payoffs might arise in two ways. First, costless improvements in the precision of 

DFP can lead to a lower relative risk premium payable to the agent, and ultimately increases in the 

principal's payoffs.38 Second, if an agent's decision-making was less focused on future financial 

measures of performance, and more focused on current DFP, which were highly predictive of future 

profitability, then the overall payoff to the principal improves through reductions in the risk premium 

payable to the agent. 

Limited empirical evidence supports claims of positive associations between the use of DFP 

and higher payoffs. Foster and Gupta ( 1997) find that higher customer profitability is associated with 

customers having higher satisfaction. Banker, Potter and Srinivasan (1997) provide evidence of 

higher firm profits associated with the introduction of an incentive plan based on non-financial 
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measures of performance. Each study focuses on one large firm as the unit of analysis. 

Despite basic theoretical intuition and empirical evidence supporting the claim that using DFP 

can be associated with increased payoffs for the principal. the association will not always be positive. 

The net effect on the principal 's payoffs is affected by the costs associated with various measurement 

attributes of the DFP used. For example. it may be possible for a performance measurement system to 

produce either perfectly noiseless DFP or DFP that perfectly predict future profitability. however. the 

incremental costs of achieving perfection may lead to a net adverse impact on the principal's payoffs. 

Thus. by using DFP a cost-benefit tension arises in that DFP potentially can foreshadow future 

economic consequences but at the same time are costly to measure. Accordingly. assuming 

measurement costs increase in precision. the DFP that a firm uses in incentive contracting will. in 

optimality, contain measurement error. Further, variations in DFP measurement attributes will lead to 

variations in the optimal DFP measured with error. 

The purpose of this chapter is to develop a theoretical framework for understanding the 

conditions under which variations in two measurement attributes of DFP used in incentive contracts 

can lead to variations in payoffs. More specifically. the chapter investigates the economic impact of 

changes in DFP attnbutes of precision and predictability on the design of DFP. the agent's efforts and 

ultimately on the overall payoffs to the principal. Precision is defined as the inverse of the variance 

of the probability distnbution associated with the DFP. Predictability is defined as the ability of the 

current DFP to predict future financial performance. 

Research on DFP with different measurement attributes extends the relatively little existing 

accounting research that explores the economic consequences of alternative designs of internally 

generated performance measures in incentive contracts. Banker and Datar ( 1989) find that the relative 

weights placed on two linearly aggregated performance measures (for contracting purposes) depend 

only on the sensitivity and precision of the two measures. Feltham and Xie (1994) find that a first-

38 The impact of changes in DFP precision on the optimal incentive contract weights was examined in chapter 2. 
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best solution to their model could be achieved only if a performance measure is perfectly congruent 

(in inducing agent's actions consistent with the principal's objectives) and perfectly noiseless. 

Hemmer ( 1996) finds that a principal will optimally prefer different types of performance measures. 

depending on the source and type of data collected to construct the performance measures. 

No previous study has explicitly explored the economic consequences of variations m 

measurement attnbutes that lead to alternative designs of a performance measure used for contracting 

purposes. Studying the consequences of variations in measurement attributes is important for two 

reasons. First, it provides theoretical insight into why firms choose the measurement attributes that 

they do in incentive contracting. Second. it provides a basis for establishing cross-sectional empirical 

predictions of the types of firms that use DFP with different measurement attnbutes. 

This study makes four contributions. First, it establishes a theoretical framework that shows 

how costless variations in precision and predictability of DFP can lead to variations in the principal' s 

payoffs. Second it provides theoretical support for the use of optimal DFP measured with error, and 

establishes theoretical determinants of a firm's optimal DFP. Third. it provides a basis for establishing 

hypotheses about cross-sectional variations in the use of DFP in practice. Fourth. it provides 

theoretical insight into the observed practice of firms able to induce productive effort levels despite 

the presence of corporate cost cutting. 

This chapter is organized as follows. The next section outlines the basic model, adopted from 

Chapter 2. A basic model of the impact of DFP precision is presented in Section 3. Section 4 presents 

a model of the impact of DFP predictability. Section 5 extends the analysis to the setting where one 

type of effort has multiple performance impacts. Section 6 provides concluding remarks. 

3.2 Preliminaries 

The analysis in this Chapter is based on the solution to the theoretical model established in 

Chapter 2 of this thesis. To recap, the model is a two period principal-agent model, where the effort­

averse and risk-averse agent (r measures the agent's risk aversion) is rewarded for both shortsighted 
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(a) and farsighted effort (b). The agent's compensation in period I (w1) is a linear function of a fixed 

salary (a,). a component based on a traditional financial performance measure (1r,. which signals 

shortsighted effort). and a component based on DFP (y. which signals farsighted effort). In period 2 

the agent's compensation (w1) is based on fixed salary (a1) plus a component based on the traditional 

financial performance measure (1r2. which also signals farsighted effort). 

The agent allocates effort between shortsighted and farsighted activities to maximise utility. 

The principal chooses incentive weights (/3,. /31, and y) to induce incentive-compatible effort levels 

from the agent. to maximise expected payoffs. The firm's profits are a linear function of sales. q;, 

(which are a function of effort. price. p;. and the impact of non-price exogenous factors. g,. i = I. 2). 

price. and costs (variable costs. v;, and fixed costs,f;. i = I. 2). a/ is the variance of the distnbution 

associated with variable j. j=q 1, qz, y. After solving for the optimal effort levels. the total agency 

program is as follows: 39 

subject to: 

Max £[1r 1 + 1r 2 - w1 - w2 ] 
/J,./J:-7 

The optimal incentive weights are as follows: 

39 See Chapter 2 of this thesis for further detail of the construction of the basic model. 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 
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(33) 

The first-best solution to the problem (not shown in Chapter 2) can be found if farsighted and 

shortsighted efforts are assumed to be both publicly observable. If the agent accepts the contract that 

pays a fixed salary plus reimbursement for costs of effort. then the agent's optimal effort levels are: 

3.3 A Model of the Impact of Precision 

(34) 

(35) 

A measurement attribute of DFP is the precision of the DFP. Precision can be defined as the 

inverse of the variance of the probability distnoution associated with DFP. While variations in DFP 

precision clearly require a change in the optimal incentive contract weights. it is not obvious how such 

changes subsequently affect the overall payoff to the principal. For example. improvements in the 

DFP precision optimally require greater weight to be placed on the DFP in the incentive contract but 

this does not necessarily improve the overall payoff to the principal. Intuitively, since farsighted 

effort is more observable, one might expect the agent to exert more effort that is farsighted. A 

simultaneous increase in shortsighted effort in both periods would lead to increased payoffs to the 

principal. However a sacrifice of short-sighted effort (to achieve the higher levels of farsighted) in 

both periods may lead to profit reductions that more than absorb the profit improvements caused by 

increases in farsighted effort. 

3.3.1 The Impact of Variations in DFP Precision on Managerial Behaviour 

This model assumes the effort levels of the agent represent managerial behaviour. To explore 

the impact of variations in DFP precision on effort levels, it is first necessary to substitute the basic 

model's optimal incentive weights into the optimal effort levels. The optimal effort levels, after 

substitution of the optimal incentive weights, are as follows: 
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(36) 

(37) 

These optimal effort levels can be linked directly back to the levels prescnbed in the first-best 

solution. The first-best shortsighted effort levels in equation (34) can be achieved in this case if the 

agent is risk neutral (i.e. r = 0) or if the signal of shortsighted effort is perfectly noiseless (i.e.a/ = 0). 

Similarly, the first-best levels of farsighted effort in equation (35) can be achieved if the agent is risk 

neutral or if either signal of farsighted effort (i.e. {31 or r) is perfectly noiseless.40 

To explore the impact of the precision on the optimal effort levels. take the derivative of the 

optimal effort levels with respect to the variance of the DFP. The results are zero for the short-sighted 

effort. and the following for the farsighted effort levels: 

ob* rg2 (P2 - V2 )(a-~2)\ 1 -c5 + 8
1 

/ 

ca-;.= - (c5 2 g; a-;.+ a-~2 (1-c5 +c5 2 )(ra-_~ + i)t 
(38) 

This implies that under the assumptions of the basic model. the precision of the DFP has no 

effect on the shortsighted effort level. This is clear from the optimal expression for shortsighted effort 

(equation (36)), which excludes any DFP variance-related terms. However. increases (decreases) in 

the precision of DFP lead to increases (decreases) in the agent's farsighted effort.41 The intuition for 

these results is as follows. Under the basic model. the DFP is not able to induce shortsighted effort, so 

any changes in DFP will not change the levels of shortsighted effort. Variations in the precision of 

DFP will, however, change the observability of the agent's farsighted effort. If an agent's effort level 

40 Feltham and Xie (1994) find that in multi-dimensional effort space, risk neutrality or noiseless signals are not sufficient 
conditions to achieve the first-best solution. While this result appears inconsistent with the discussion here, Feltham and 
Xie explicitly model a single performance measure in a two-action, single-period setting, and establish what they define as 
"non-congruity" between the impact of effon on the performance measure and the impact of effort on the principal's gross 
payoff. By contrast, this paper models multiple performance measures and multiple actions over multiple periods. The 
congruity of the performance measure is considered beyond the scope of this study. 

41 The derivative of b* with respect to a/ shows that increases (decreases) in variance lead to decreases (increases) in the 
optimal farsighted effon level. Since the precision is the inverse of the variance, increases (decreases) in DFP precision 
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becomes increasingly observable because of increased precision. the lower risk from investing effort 

mean the agent's optimal effort levels will move towards what they would be under the first-best 

solution (i.e. with no hidden action problems). 

3.3.2 Variations in the Determinants of the Principal 's Payoffs 

This section examines the impact of the variations in the economic determinants of the 

principal's payoffs. The first subsection explores the impact of variations in DFP precision. The 

second subsection discusses the impact of variations of the other exogenous variables determining the 

principal's payoffs. 

3.3.2.1 The Impact of Precision on the Principal's Payoffs 

Taking the derivative of the principal's certainty equivalent with respect to changes in DFP 

precision yields the impact of precision variations on the principal's payoffs. The result is as follows: 

, , , 
aTI* t rgi(P2 -v2f(a~2f(l-8+8

2r 
ca;. = -;- ( 8 2 gi a; + a~2 ( l - 8 + 8 2 X r a~ + l)) 

2 
(39) 

The result follows logically from the intuition that predictable variations in farsighted effort 

levels are generated from variations in observability. Essentially, as the principal can observe more 

(less) of the agent's farsighted efforts, the agent will have incentive to increase (decrease) farsighted 

effort levels. Consequently, period 2 sales increase (decrease), which leads to an increase (decrease) 

in the overall payoffs, to the principal. Clearly, this shows that the payoffs to the principal are 

indirectly linked to the observability of the agent's farsighted efforts via the precision of DFP. 

However, the benefits of improved DFP precision must be balanced against their costs. To 

explore the conditions under which costly improvements to DFP precision will improve the 

principal's overall payoffs, the costs of producing DFP are introduced to the model. To capture the 

DFP costs, the following expression is deducted from the principal's total payoffs: 

lead to increases (decreases) in farsighted effort. 
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(40) 

The function implies that the costs of producing DFP are a function of the level of precision 

achieved. To simplify the analysis, the marginal cost of improving precision is expressed as squared 

constant and the functional form of the cost function is assumed linear.42 In the subsequent analysis 

of the optimal solution to the costly precision improvement case. the agent's discount factor is 

assumed to be the same as the principal (i.e. equal to l ), to isolate the tensions between the marginal 

benefit and marginal costs of improving DFP precision. 

Taking the derivative of the principal' s payoffs with respect to DFP variance provides insight 

into the impact of costly variations in precision on the principal's payoff. The resultant expression is: 

where: 

an•• 
aa} = 

, ' ' ( ' ) Q = Ki a7 + a;;2 r O"y + l 

(41) 

Clearly, the sign of the overall expression is ambiguous and depends on the sign of the 

numerator. This result provides insight into why firms do not attempt to capture perfectly noiseless 

DFP. Where c2d > 0.5r2, the numerator is positive, so that any improvements in precision (i.e. the 

inverse of the variance) will lead to decreases in overall payoffs to principal. Intuitively this is 

because the marginal costs of improving precision exceed the marginal increases in payoffs. 

Conversely, where c2d < 0.5r~, under the assumed cost function for producing DFP, the principal 

will always have incentive to improve DFP precision. Again, the intuition is based on the marginal 

increases in payoffs exceeding the marginal costs of improving the precision of DFP. In summary, 

42 I also tested a quadratic cost functional fonn, which may be more representative of cost functions observed in practice. 
However, the interpretation of the increasingly complex math does not add to the theoretical insight discussed in this 
section. 
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the model predicts that firms will outlay costs to improve precision only where marginal benefits of 

precision improvements exceed marginal costs. 

An alternative way of interpreting this result is through the analysis of the optimal level of 

precision. In the presence of costly construction of DFP. the optimal level of precision can be 

determined by first setting the first order condition of equation (41) to zero.43 Next. solve for the 

optimal variance level and then invert the result to obtain the optimal level of precision. Accordingly. 

under the assumptions of the basic model, and assuming that the principal and agent have the same 

discount factor, the optimal level of DFP precision can be expressed as:44 

(42) 

This optimal level of precision implicitly assumes that both the marginal cost of improving 

precision and the uncertainty of the (period 2) sales estimate are non-zero. Note also that a necessary 

condition underpinning this optimal level of precision is that the numerator of equation ( 42) is greater 

than zero. A numerator equal to. or less than. zero implies the optimal level of precision is non­

positive, which is impossible by construction. 

The optimal level of precision provides the basis for several comparative statics that can 

generate empirical implications about the expected level of DFP precision to be found in certain types 

of firms. For example, by taking the derivative of equation ( 42) with respect to contribution margin, 

it is possible to make cross-sectional predictions about the impact of contnbution margins on 

precision levels. The derivative is positive. This implies that, for example, firms with high 

contnbution margins (ceterus panbus) would be expected to have high levels of precision in DFP, 

relative to firms that have low contnbution margins (thereby relying on volumes to drive profits). 

Intuitively, one might expect firms with higher contribution margins to have relatively more resources 

43 In the costless case. the optimal level of variance is zero. 
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to allocate to improving DFP precision than firms with relatively lower contnbution margins. Of 

course. this implicitly assumes that the other determinants of the optimal level of precision. including 

the incremental cost of improving precision are constant between frrms. 

3.3.2.2 Variations in Other Determinants of the Principal's Payoffs 

The comparative statics on the other determinants of the principal's payoffs support the 

following theoretical insights. First. increases (decreases) in the precision of the financial performance 

measure in either period 1 or period 2 lead to the same qualitative results as those arising from 

variations in DFP precision. The same intuition applies. That is, an increase (decrease) in precision 

improves the observability of effort, leading to increases (decreases) in the effort level and subsequent 

increases (decreases) in payoffs to the principal. 

Second. increases (decreases) in risk aversion means increased (decreased) risk premium is 

payable to the agent. which ultimately leads to lower (higher) payoffs to the principal. Third. the more 

(less) the agent discounts the future, the lower (higher) the discount factor is. which imposes relatively 

increased (decreased) risk on the agent. This results in higher (lower) risk premiums payable and 

lower (higher} payoffs to the principal. Fourth. increases (decreases) in the non-price exogenous 

factors in either period 1 or 2, such as reputation. leads directly to increases (decreases) in sales and 

increases (decreases) in the payoffs to the principal. 

Lastly, the impact of variations in the components of contribution margin on the payoffs to 

the principal generates ambiguous results. The ambiguity is generated by the firm's inverse demand 

function but is also affected by the degree of the agent's risk aversion. Intuitively, the inverse demand 

function implies that when the product price increases, at some point demand will fall and lead to 

relatively lower overall profits than what would have been achieved bad the product price remained 

unchanged. The magnitude of the ambiguity is affected by the agent's risk aversion. To illustrate, take 

the derivative of the principal's payoffs with respect to period l revenue per unit sold (i.e. product 

44 Second-order conditions confirm a maximum. 
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price,p,): 

an• g~(P1 -vi)-(gf +ra:1X2P1 -vi) 
=--------------

0[}1 (gf+ra:1) 
(43) 

The sign of the derivative is ambiguous. The second term in the numerator reflects the 

existence of an inverse demand function. Without an inverse demand function ( i.e. revenues are 

linear in quantity sold) the second term in the numerator disappears and the expression in (43) will 

always be positive. 

To assess the impact of risk aversion. assume r ➔ 0.45 Subsequently. the derivative in 

equation (43) is always positive if g/ > (2p
1 

-v,)/ (p, - v

1

).

46 The intuitive explanation for this result 

is as follows. Increases (decreases) in the product price not only leads to increases (decreases) in 

profits, but it also increases (decreases) the risk imposed on the agent, since the agent's incentives are 

based, in part, on the contnbution margin. At some point, the increments (decrements) in the risk 

premium payable to the agent. arising from increases in the product price, will exceed the revenue 

increments (decrements) arising from increases in the product price. leading to net decreases 

(increases) in the overall payoff to the principal. Accordingly, the ambiguity in sign that emerges 

when assessing the impact of variations in the components of contnbution margin on the principal's 

payoffs is affected by the degree of the agent's risk aversion. 

A similar result follows for variations in the components of the period 2 contribution margin. 

To illustrate, the derivative of the principal's payoffs with respect to period 2 product price is as 

follows: 

45 If the agent is risk neutral then the optimal solution will be that the agent should rent the firm from the principal. 
However, the purpose of this discussion is to show that the degree of the agent's risk aversion can affect the ambiguity in 
determining the impact of changes in contribution margin on the principal's overall payoffs. 

46 The derivative with respect to v1 as r tends to O is negative if g/ > p1 I (p1 - v,J. This condition will always hold if non­
negative sales quantities are to be generated under the basic assumptions of the model. This suggests the ambiguity of the 
derivative with respect to variable costs in period I is directly attributable to the risk aversion of the agent An equivalent 
result is obtainable from the period 2 parameters. 
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The sign is ambiguous, which arises because of the parameters associated with the inverse 

demand function. That is, the expression 2pi - vi is associated with the inverse demand function and 

if 2p1 - v1 = 0, then expression (44) is always positive. The derivation of the sign of the above 

expression is less complicated, however, as r ➔ 0. Here, the expression in (44) collapses so that it 

will always be positive if g/ >(2pi- vi) I (p:i - vi). Again, this indicates that the ambiguous impact on 

overall payoff of variations in the components of period 2 contribution margin can be affected by the 

degree of the agent's risk aversion.47 

In summary, variations in the determinants of the principal's payoffs mostly have a 

deterministic effect on overall payoff. Two exceptions are contnbution margin and costly variations 

in the precision of DFP. Contribution margin simultaneously affects payoffs both favourably, through 

increased revenues, and adversely, through increased risk premiums. The ambiguous result is 

generated by the firm's inverse demand function and the magnitude of the net effect depends in part 

on the relative degree of the agent's risk aversion. The net impact of costly variations in the precision 

of DFP depends on the trade-off between the marginal benefit from precision changes and the 

corresponding incremental costs. 

3.4 A Model of the Impact of Predictability 

Another measurement attribute of DFP is their predictability. In a general sense, 

predictability can be defined as the ability of current oi:-p to predict future profitability. In an agency 

context, predictability is defined as the degree to which DFP are incrementally informative about 

future profits. A commonly asserted benefit of DFP is that they provide management with 

47 Note that this result is contrary to the result obtainable from applying the assumptions of this model to Feltham and Xie's 
(I 994) formulae. To be more precise, the derivative of the second best expected surplus in Feltham and Xie (i.e. their 
equation 9) with respect to the revenue per unit sold will always be positive. Thus, it appears that Feltham and Xie's result 
in equation 9 does not apply to at least some non-linear revenue functions. 
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foreknowledge of future profitability. The purpose of this section is to show how variations in the 

predictability of DFP can lead to variations in payoffs to the principal. 

3. 4.1 The Impact of Inherent DFP Predictability 

Predictability might be modelled as an extension to the basic model summarized earlier and 

discussed in detail in Chapter 2. While predictability has been defined as predictive of jurure profirs. 

the following analysis reflects predictability as predictive of farsighred efforr. However, under the 

basic assumptions, farsighted effort drives future profits. Accordingly, the DFP predictability 

captured in the following analysis is ultimately the predictability of future profits. as originally 

defined. 

Define D e (0, l] as the degree of predictability of DFP. Accordingly, the signal of DFP is 

captured in the following functional form: 

~ o~ y =If/ &_v (45) 

In essence, the introduction of the exponent, D, redefines part of the measurement noise in 

DFP as being noise due to an inherent lack of predictability.48 An example of the difference in the 

types of noise can be illustrated in the case of the hotel industry. Alternative DFP of a hotel might be 

reservation rates and customer satisfaction measures. Both are potentially important DFP measured 

with noise. The overall noise attributable to each measure is unlikely to be systematically greater for 

either indicator for all firms. However, reservation rates might reasonably be considered to have more 

inherenl predictability about future profits than customer satisfaction measures, since it is more 

directly related to future profitability than customer satisfaction. Accordingly, under the model, the 

degree of predictability of hotel reservation rates would exceed the degree of predictability of hotel 

48 In the notation of Feltham and Xie (1994), the variable D here is similar to their µn. This implies that D could be 
interpreted as representing the relative sensitivity of the DFP performance measure. Note, however. that the restriction of 
D to values of between O and I distinguishes it as a special setting of performance measure sensitivity as defined in Banker 
and Datar ( 1989). Moreover, given the two compensation dates in this model, this relative sensitivity is in effect the 
sensitivity of the DFP measure with respect to effort that impacts a furure (rather than the current) time period. 
Accordingly, the predictability variable, D, in this model is viewed as different from a more conventional interpretation of 
performance measure sensitivity (e.g. see Banker and Datar, 1989). 
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customer satisfaction measures. 

The introduction of the degree of predictability leads to variations in the optimal solution to 

the agency program. While the optimal short-sighted effort level and incentive weight on the period l 

financial performance measure do not change. farsighted effort. and the incentive weights that induce 

farsighted effort yield a change in optimal values. The optimal level of farsighted effort becomes: 

(46) 

This implies that the optimal level of farsighted effort is restricted by the degree of 

predictability of the DFP. When D = l. the DFP does not contain a lack of inherent predictability. 

Accordingly. the remaining measurement error arises because of uncontrollable exogenous factors 

such as general economic conditions. Intuitively. any reductions in the predictability of the optimal 

effort level (i.e. D < l) would lead to reductions in the optimal incentive weights. since the principal 

cannot induce as high effort levels as the case where the DFP is inherently predictable. Reductions in 

the optimal incentive weights logically lead to lower levels of payoffs to the principal. Thus. a loss in 

payoffs occurs because of the inherent lack of predictability. This loss in payoffs may be defined as a 

net loss due to the inherent lack of predictability. Mathematically this net loss can be derived by 

deducting the principal's payoffs in a regime that includes the predictability variable. from the 

principal's payoffs in a regime that excludes the predictability variable (i.e. D = l ). The resultant 

expression is the net loss due to the inherent lack of predicrabi/icy:49 

(D 2 -l)rgJ(p2 -v2/(er:2)
2 

er; 
Net Loss=----·---------------

2(gi er;+ er:2( 1 + r ern)(gJ er;+ er~2 ( D2 + r er;)) 
(47) 

Whenever inherent lack of predictability exists. the value of the above expression will be 

negative (i.e. representing a loss in payoffs).50 This is because inherent lack of predictability assumes 

"9 To isolate the tensions of interest, the analysis in the section continues to assume the principal and the agent have the same 
discount factor, i.e. o = I. 

so Indeed. a simpler way of demonstrating the negative sign of this expression is to take the derivative of the firm payoffs 
with respect to D. However, the purpose of this discussion is not only to identify the sign of the expression. Rather, the 
discussion also aims to conceptualize the inherent loss in payoffs to the firm that arises because performance measures are 
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D < l, which causes the sign of the above expression to always be negative. Increases (decreases) in 

the inherent lack of predictability unambiguously lead to increases (decreases) in profit and thus 

reductions (increases) in the loss due to the lack of inherent predictability. This result is consistent 

with the assertion that a principal can earn higher payoffs with relatively increased DFP predictability. 

3.4.2 The Choice of Relatively Lower Degrees of Predictability 

Clearly, the previous result provides theoretical support for why firms might choose the DFP 

that they do in incentive contracts. If the chosen DFP has higher inherent predictability relative to 

other DFP. then ceterus panbus, it will lead to higher payoffs for the principal. However, there are 

limitations to the generalizability of this result. In particular, if the result was completely 

generalizable, it fails to explain why firms in the same industry might have incentive to choose 

contractual DFP with relatively different degrees of inherent predictability. The following analysis 

explores possible conditions under which firms in the same industry might choose to use DFP in 

incentive contracts with relatively lower degrees of predictability. Ex-ante. choosing DFP with 

relatively lower degrees of predictability appears to be irrational, since it is inconsistent with the 

earlier result that increases in predictability lead to higher payoffs. 

Suppose the DFP measure used in the agent's incentive contract influenced different types of 

strategic decisions, the payoffs of which were generated in period 2. Examples of different strategic 

decisions (influenced by different DFP incentives) might be decisions to refurbish the workplace or to 

undertake a large advertising campaign. The outcomes of these strategic decisions are assumed to 

have payoffs for the firm beyond what would have been achieved had no strategic decision been 

tnade. 

Suppose further that DFP predictability is inversely related to the expected payoffs from 

strategic decisions influenced by different DFP incentives. Accordingly, DFP with relatively low 

(high) predictability are assumed to have relatively high (low) incremental expected payoffs from 

not naturally perfectly predictable. The net loss due to the inherent lack of predictability mathematically represents this 
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strategic decisions influenced by DFP-related incentives. 

To illustrate. suppose a hotel could choose between reservation rates (relatively high 

predictability) or customer satisfaction measures (relatively lower predictability) as alternative DFP to 

include in incentive contracts. Incentives ultimately based on reservation rates might influence a 

manager to make strategic decisions that include embarking on an advertising campaign to increase 

the future occupancy rate. This could lead to expected payoffs beyond what would have been 

achieved had the advertising campaign not been pursued. 

Alternatively, incentives ultimately based on customer satisfaction measures might influence 

managers to make substantial change to the way that the hotel operates. This could lead to even higher 

expected payoffs than the incremental payoffs arising from embarking on a new advertising 

campaign. Thus, despite customer satisfaction measures having relatively lower predictability. the 

expected incremental payoffs from strategic decisions influenced by incentives based on customer 

satisfaction are assumed here to exceed the incremental payoffs from strategic decisions influenced by 

incentives based on reservation rates.51 

Let R I D be the expected payoff from strategic decisions influenced by incentives based on 

DFP at the end of period l. With this function decreasing in predictability. it captures the assumed 

inverse nature of the relationship between inherent predictability and expected incremental payoffs. 

Accordingly, the firm's profits in period 2 are: 

'ii, =(p, -v,)q~, - f, +!i. 
- - - - - D 

(48) 

Re-solving the agency program generates no change to the farsighted optimal effort levels 

specified in equation (47). However, the impact of variations in predictability on the principal's 

conceptualization. 
51 It is critical here to recognize that it is the promise of incentives based on DFP measures with different levels of 

predictability and not the result of the DFP measure itself that is influencing the strategic decisions. In the latter case. the 
role of the DFP information would be expanding from decision-influencing to decision-facilitating (see Baiman and 
Demski, 1980) since the information itself is being used to improve the strategic decision outcomes. However, the 
manager in this model does not use the DFP measure before the action choice to make better decisions. rather. the DFP 
measure is used after the action choice to evaluate actions, i.e. the DFP measure is interpreted here as decision-influencing 
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payoffs is as follows: 

--=----- (49) 

where: 

This result shows that variations in predictability can lead to an ambiguous impact on the 

principal's payoffs. Intuitively. this ambiguity arises because of the trade-off between the expected 

payoff from strategic decisions based on the DFP and the loss due to the inherent lack of predictability 

of DFP. For increased payoffs to occur. the increase in predictability from selecting an alternative 

DFP must lead to expected payoffs that absorb the losses due to the inherent lack of predictability of 

the new DFP measure. 

An important implication of this result is as follows. It is possible that choosing DFP with 

high levels of predictability (relative to other DFP) will lead to increased payoffs. However. higher 

levels of predictability will not always lead to increased payoffs. This analysis has shown that it is 

possible for firms to achieve higher levels of payoffs with paradoxically lower levels of inherent DFP 

predictability for incentive contracting. 

3.5 Multi-Impact Effort Types 

The analysis thus far has assumed each type of effort independently affects each period's 

performance. However, it may be the case that a single effort type has multi-period consequences. 

For example. an agent's farsighted effort directly increases period 2 profit, but it simultaneously may 

also generate incremental costs that have a negative impact on period l profit. Similarly, an agent's 

shortsighted effort directly increases period 1 profit, but it simultaneously may also generate 

incremental costs that negatively impact period 2 profit. Effort types that impact more than one 

or providing a contracting role only. 
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period's performance are defined as multi-impact ejjon types. The purpose of this section is to explore 

the economic consequences of variations in both precision and predictability on payoffs. in the 

presence of multi-impact effort types. 

At a general level. multi-impact effort types are not unique to this model. For example. the 

general performance measurement specification in Feltham and Xie ( 1994) could be interpreted as 

each effort type having impact on all other effort dimensions. If each effort dimension is aligned to a 

particular time period (as is the case in this model), then the multi-impact effort type defined here 

could be interpreted as an alteration of performance measurement sensitivities. which is derivable by 

manipulating the general specification in Feltham and Xie ( 1994 ). However. no other model 

explicitly explores the impact of conflicting consequences in different periods. Further. no other 

model generates specific insight about the effect of multi-impact effort types in a context that captures 

trade-offs between short-term and long-term incentive weights. 

3.5.1 A Model of Multi-Impact Effon Types 

Assume farsighted effort generates incremental costs that adversely affect period l sales and 

subsequently financial performance. Period I quantity sold is assumed to be: 

(50) 

where Z is a coefficient reflecting the extent to which farsighted effort adversely affects 

period I sales and performance. s::? Re-solving the basic agency program. the optimal level of 

shortsighted effort is unchanged. However. the optimal level of farsighted effort becomes: 

(5 l) 

The optimal farsighted effort level now includes an incentive weight based on period 1 profit. 

The coefficient on this weight is negative, which means the agent needs to consider that the increases 

52 Alternatively, shortsighted effort might be assumed as having adverse consequences in period 2. The subsequent results 
are qualitatively the same as those pertaining to farsighted effort having negative consequences in period I. I also 
investigated two further models. First. I compared the payoffs from farsighted effort having adverse consequences in 
period l with the payoffs from shortsighted effort having adverse consequences in period 2. Second, I simultaneously 
included both shortsighted and farsighted effort having adverse consequences in period 2 and period I respectively. 
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in farsighted effort will increase future profits but also adversely affect period I profits. A further 

feature of this result is that the structure of the optimal farsighted effort level now includes all three 

incentive weights. Accordingly. the model now incorporates trade-offs between all three performance 

measure signals. This is most clearly seen in the optimal incentive contract weights. each of which is 

a function of the random component of the three signals of performance in the model:53 

• (r a; a~2 Z((p1 - v, )Z -(p2 - v2 )g2) + (p, - v.)g~( 0-~2 + o-7-( g; + r a-~2))) 
~I=---------------------------

(p1 - v1 >(ra;a-~2Z2 +(a~2 + ai-(g; +ra~2))(g~ + ra~1)) 
(52) 

(53) 

a~2((p2 -v2)g2(g:+ra~,)-(p1 -v1)Zra~,) 
y*=-------------------

( r a; a~ 2 Z 2 
+ ( a~ 2 + a; ( g; + r a~ 2) X: g~ + r a~ 1)) 

(54) 

An interesting feature of these optimal incentive weights is that the weight on the financial 

performance in period 2 and the weight on the DFP have opposite signs. Terms comprising the 

unsigned component in the respective numerators of the two weights are reversed. This implies that 

the introduction of the multi-impact effort type makes the incentive weight on period l profits much 

more significant. The incentive weight on period I profit essentially substitutes for one of the other 

two performance measures in inducing farsighted effort. 

The impact on the overall payoffs is captured in the difference in optimal profits between the 

regime without multi-impact type effort. and the regime with multi-impact type effort. To isolate the 

effect of multi-impact type effort on payoffs. assume the agent is risk neutral54 and both the principal 

and agent have the same discount factor. The difference in optimal profits is as follows: 

However, both of these models are too complex to interpret. 
53 8= I in the following analysis. Each of the incentive contract weights is a function of the random component of the three 

perfonnance signals in the model, regardless the value of 8. The assumption is chosen here to reduce the complexity of the 
mathematical expressions and improve the clarity of the exposition. 

54 I have also solved the program for the case where the agent is risk averse. While closed form solutions are obtainable, the 
difference in optimal profits is too complex to extract any interpretable insights. Taking the derivative of this solution with 
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•1 "1 (pl - Vi )Z (( ) ) TT -n = 
2 

Pi-ViZ-2(pz-Vz)gz (55) 

The result is ambiguous and suggests that overall payoffs depend on contribution margin. 

non-price exogenous factors in period 2. and the extent to which the multi-impact effort affects short­

term performance. The intuition for this result is that the incentive weight on short-term financial 

performance now has the capacity to induce both shortsighted and farsighted effort. In essence. the 

principal now has a choice between three incentive weights for inducing farsighted effort. In this 

case. where-the agent is risk neutral. the principal chooses incentive weights that maximise payoffs at 

the lowest possible reimbursement of agent effort costs. Accordingly. multi-impact effort types leads 

to increased choice in the use of incentive weights to induce optimal levels of the multi-impact effort. 

The corresponding impact on payoffs to the principal depends on the choice of substitutable incentive 

weights that induce farsighted effort. Where the agent is risk neutral. this choice in tum depends on 

relative costs payable to the agent. The above "differences in optimal profit" equation confirms this 

intuition. since the unsigned part of the equation represents a linear function of the multipliers ( or 

agent-effort cost-increasing factors) on the respective period I and period 2 financial performance 

weights. in the optimal effort levels. 

3.5.2 The Influence of Mu/ti-Impact Ejfon Types on the Impact of Precision 

The introduction of multi-impact type effort into the model changes the structure of the 

optimal farsighted effort level. Changes to the structure of the farsighted effort level will in turn 

influence the way in which variations in DFP precision will lead to variations in the principal's 

payoffs. The purpose of this section is to explore the economic consequences of variations in the 

precision of DFP in the presence of farsighted effort that has impact on both period l and period 2 

profits. 

From the previous section. the introduction of multi-impact type effort leads to an optimal 

farsighted effort level that relies on all three incentive weights. Correspondingly, in the revised 

respect to Z leads to an expression that is ambiguous in sign. 
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solution to the principal's problem all three incentive weights are a function of all three random 

components of the performance signals in the model. Accordingly, any variations in DFP precision 

will now affect all incentive weights in the model. 

The economic consequences of variations in DFP precision, where farsighted effort has 

multiple impact, can be determined by taking the derivative of the principal' s total certainty 

equivalent, with respect to DFP variance. The resulting expression is: 

an· 
(56) 

Clearly, variations in precision (the inverse of variance) continue to be positively associated 

with variations in the overall principal' s payoffs. This result is consistent with a general result found 

in the literature (e.g. see Bushman and Indjejikian, 1993a), which is not affected by alternative 

specifications of the sensitivities of performance measures. 

In this context, the result can be interpreted as follows. Multi-impact type effort introduces 

trade-offs between all three incentives, leading to optimal incentive weights that are a function of all 

three random components of the performance signals in the model. Despite the introduction of these 

trade-offs, costless increases (decreases) in precision will continue to lead to increases (decreases) in 

payoffs to the principal. 55 The magnitude of the incremental change to payoffs will change with the 

introduction of multi-impact type effort; however, the sign remains the same. Accordingly, the sign of 

the impact of precision on payoffs is invariant to the introduction of multi-impact effort types. 

3.5.3 The Influence of Multi-Impact Effort Types on the Impact of Predictability 

Intuitively, multi-impact effort types create a new alternative for inducing the agent to 

allocate effort to the multi-impact effort type. If that alternative has lower associated risk premium 

costs than existing alternatives, then use of the alternative will lead to higher payoffs for the principal. 

55 Costly variations in DFP precision are not considered here. The purpose of this section is-to highlight the influence of the 
multi-impact effort type on the economic consequences of variations in precision. The introduction of costly precision 
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However, it is not clear what consequence variations in predictability will have. if the effort type. on 

which variations in predictability are observed, also has impact on multiple periods. As shown earlier. 

both predictability and multi-impact effort type affects the structure of the optimal effort levels. The 

purpose of this section is to examine how multi-impact effort types affect the economic consequences 

of variations in predictability. 

Assume two changes to the basic model. First, DFP are restricted by the degree (D) of 

inherent predictability of farsighted effort. Second. farsighted effort has a positive impact on period 2 

sales but a negative impact on period l sales. 56 That is, farsighted effort ( over which the DFP has 

limited predictability) also affects both period l and period 2 payoffs. The resulting expression for 

optimal level of farsighted effort level is a combination of earlier equations shown: 

(57) 

The introduction of predictability and multi-impact effort type clearly affects the structure of 

the optimal farsighted effort level. Any variations in the degree of predictability requiring 

simultaneous adjustments to the incentive weight on period l financial performance (in accordance 

with the new effort structure) also directly affects optimal shortsighted effort levels. Thus, the 

consequences of variations in predictability now potentially can affect both types of effort levels. 

Variations in the degree of predictability can be determined by taking the derivative of the principal's 

total certainty equivalent with respect to D: 

an· , ( , )2 ( , ( , , ))2 Dr er;. cr;;2 (p1 - v, )Zr cr;;1 - (p'1 - v2 )g2 gj + r cr;;1 
, 

(r cr;cr~2 Z 1 
+ (v1cr;2 + cr; (gi + r cr~2))(gt + r cr~1))-

--=---------------------
8D 

(58) 

The sign of the expression is positive. Thus, despite the influence of multi-impact effort types 

that extended the impact of variations in predictability to both types of effort, the economic 

consequences of predictability variations is unambiguous and increasing in payoffs. Multi-impact 

variations to the analysis does not add any insight in addressing the stated purpose. 
56 Strategic decisions based on DFP at the end of period l are omitted from this discussion, to highlight the influence of 
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effort changes the magnitude of the economic consequence of predictability variations; however. the 

sign of the economic consequence is the same. Accordingly. the sign of the impact of variations in 

predictability is invariant to the introduction of multi-impact effort types. 

3.6 Conclusion 

Measures of drivers of future performance are being increasingly used for performance 

evaluation purposes. Relatively little academic research identifies what attributes of DFP signals 

make them attractive to firms for designing incentive contracts. Two attributes of DFP are precision 

and predictability. Improvements in these attnbutes are commonly asserted to improve payoffs. but 

the current literature provides little theoretical support. This chapter extended the basic agency model 

of the economic demand for DFP in incentive contracts (developed in Chapter 2) to provide insight on 

the economic consequences of variations in the DFP precision and predictability. 

The results in this chapter show that under the assumptions, costless increases (decreases) in 

precision or predictability will lead to increases (decreases) in payoffs for the principal. These results 

hold even in the presence of multi-impact effort types that have positive consequences in one period 

and negative consequences in the other. The introduction of costly variations in precision. or strategic 

payoffs inversely related to predictability leads to ambiguity in the sign of the impact of variations in 

precision and predictability. However, I also specify conditions under which increases (decreases) in 

payoffs arise from increases (decreases) in costly precision or payoffs inversely related to 

predictability. 

multi-impact effort types on variations in predictability. 
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Chapter 4 

The Determinants of Long-Term Monetary Incentive Weights 

4.1 Introduction 

Employee compensation plans in practice often include both annual and long-term monetary 

incentive components. These components are based on both accounting and non-accounting 

performance measures. Measures that capture the drivers of future performance (DFP) are gaining 

increasing popularity as one of the bases in these incentive plans ( cf. Rucci. Kim and Quinn. 1998 ). 

In particular, DFP measures are being increasingly used for the long-term component of the incentive 

plans. 

Two ways that long-term monetary incentive plans can be structured are as follows. First. 

rewards can be based directly on a signal of long-term oriented performance. Long-term monetary 

incentives based on future-oriented measures such as DFP can be paid in the current period. while 

long-term rewards based on traditional financial measures of performance are paid at the end of a 

predetermined future period. Second. rewards can be based indirectly on long-term oriented 

performance through firms basing long-term monetary incentives on the stock price and publicly 

releasing relevant information. such as profit or product quality, which becomes impounded in the 

firm's stock price. These indirect rewards can be based at any time on the firm's stock price, which 

likely reflects both past and future-oriented information. 

The economic consequences of direct or indirect forms of reward will differ among firms. 

The obvious cost to the firm of a direct form based on measures of DFP is the actual cost of the 
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compensation. However. less obvious costs arise if the measure is costly to extract or if it produces 

unreliable signals. which may make direct reward forms of compensation inefficient or may motivate 

undesirable behaviour. Similarly. an indirect form of compensation based on a stock price that 

impounds publicly released measures of performance bas obvious costs in the form of the monetary 

payment to the employee. However, this indirect form may also generate less obvious costs such as 

the proprietary costs associated with competitors having access to public measures of performance. In 

particular. the future orientation of publicly released information. such as in DFP measures. may 

escalate proprietary costs. 

Accordingly, there exists variation in the costs and benefits of adopting either direct or 

indirect forms of long-term monetary compensation. However. the conditions under which either form 

is economically superior to the other is not obvious. The use of both direct and indirect forms in 

practice suggests that firms encounter economic conditions supporting variations in emphasis on both 

forms of long-term monetary compensation. Assuming rationality in practice. this implies that there 

exist systematic determinants of the choice between direct and indirect forms of long-term monetary 

compensation. Despite the variation in economic consequences of the choice of compensation form, 

published research has yet to investigate specifically what. in theory. these determinants might be. and 

how variations in those determinants affect optimal compensation weightings and firm profits. 

The purpose of this chapter is to develop insight into the choice between direct and indirect 

forms of long-term incentive compensation. I address this problem, using principal-agent analysis. in 

three steps. First. I present the determinants of long-term incentive weights that are based on financial 

performance signals and the stock price. Consistent with established intuition. I find no role for a 

performance measure such as stock price when it simply is a noisy reflection of other directly 

contractible performance measures. 

Second. I introduce into the analysis a component of the incentive contract that is based on a 

DFP signal. I find that the stock price continues to have no contracting role and that firms will 

optimally include a positive weight on the DFP signal. Third, I create a role for the stock price in 
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long-term monetary incentive contracting. Following Bushman and lndjejikian ( 1993a). I introduce 

into the analysis a signal of future performance that is gathered privately by market participants. I 

find results both consistent with the intuition of Bushman and Indjejikian (1993a) and. via the 

introduction of the DFP signal into the analysis. that extend their insights. 

This chapter is organized as follows. The next section describes the basic model. adopted 

from Chapter 2. Section 3 establishes a analysis of the economic determinants of long-term monetary 

incentive weights. excluding a DFP signal, to benchmark this work against the existing literature that 

shows no role for stock price as a contracting variable. Section 4 introduces the impact of including 

the DFP signal and continues to show no role for the stock price as a contracting variable for long­

term monetary incentives. Section 5 introduces private investor acquisition of information in the 

presence of a DFP signal. It discusses the optimal incentive weights on the long-term contracting 

variables of future financial performance. the DFP signal, and the stock price respectively. Section 6 

focuses the analysis on the DFP and stock price weights. by assuming the financial performance 

signals are too costly upon which to contract. The first subsection, consistent with Sections 3 and 4, 

excludes private investor information acquisition. Consistent with Section 5. the second subsection 

assumes private investor information acquisition, but the subsection explores the implications of this 

assumption in the costly contracting on financial performance scenario. Section 7 summarises the key 

results and notes practical implications of the results. 

4.2 The Basic Model 

A risk neutral board of directors (the principal) hires a risk and effort-averse agent to operate 

a firm over two periods. It is prolnbitively costly for the principal to observe the risk and effort-averse 

agent's efforts directly. The firm's sales are affected by various exogenous factors (such as reputation) 

captured by the variable, g;. 57 These factors are publicly observable and increase the prospects of the 

57 The interaction of several different factors determines the value of the exogenous variable g. This variable is assumed to 
process the individual determinant factors (such as reputation) in the same way. 
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firm's goods and services being sold. The quantity sold by the firm in period 1. q1• is also affected by 

the amount of non-negative shortsighted effort. tp, undertaken by the agent. and the ( exogenously 

specified) price, p,, of the good or service. To reflect shortsighted effort increasing sales at a 

decreasing rate, the quantity function incorporates the logarithmic function of </,. The quantity to be 

sold58 (oflinear functional form with random component, &1) in period l is: 

(59) 

The period 2 quantity is affected by the period 2 price. pi, period 2 exogenous factors. g2, and 

the agent's farsighted effort, 1/f, which is assumed to increase quantity sold at a decreasing rate and is 

exerted in period I. To isolate the effects of shortsighted and farsighted effort. period 2 is assumed to 

be an ending period with no effon. The quantity to be sold in period 2 is: 

(60) 

The principal' s expected profit, 1t, in period i. i= l. 2 is a function of the random quantity 

variable and exogenously specified price and cost parameters: 

(61) 

where f = fixed costs identified by the accounting system in period i. i= l. 2: v is variable cost 

per unit sold identified by the accounting system. To further simplify the mathematical analysis, 

define a = ln(tp) and b = ln(l/f). Now the above equations can be combined and rewritten as follows59
: 

ii 1 + i 2 = h1 ( a - :: ) + h2 ( b - :: )-(/1 + / 2 )-(e, + E2 ), 
(62) 

where: h; = (A - v; )g;, i = 1.2. 

58 Variables denoted with"~" depict random variables. Later denotations of"-" depict mean values. An index to all other 
notation used throughout this chapter is presented in the Appendix. 

59 This combination of equations enables closed fonn solutions to be obtained later in this chapter. The combination of 
equations is a simplification of the equations developed in chapters 2 and 3 of this thesis. It is equivalent to using the 
chapters 2 and 3 equations and normalizing (p1 - v,) = (p,- vi)= 1, except that the simplification here (with the use of the 
variable. h) permits comparative statics to be perfonned on the variables. p and v. Obviously, comparative statics on p and 
v would not possible if the difference between p and v were normalized to 1. 
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Accordingly, each unit of a orb increases the principal's expected payoff'° by one unit of h, 

and h:z, respectively. The agent faces different costs associated with the different effort types. The 

cost of the agent's effort takes the form of a twice-differentiable convex function of a and b: 

a2 b1 
C(a h)=-+-

' 2 2 
(63) 

The agent exerts both shortsighted and farsighted effort to maximise his expected utility. The 

agent's utility function reflects constant absolute risk aversion at a single point in time. so that61
: 

(64) 

The variable wi represents the wage paid to the agent in period i. i = l. 2.62 The variable r is 

the Arrow-Pratt measure of absolute risk aversion. 

The sequence of events in the model is as follows. Before period l, compensation is set by the 

principal choosing in each period the agent's fixed salary plus the incentive weights on the 

contractible performance signals. The agent chooses shortsighted and farsighted effort levels. During 

period l, the firm sells goods or services. At the end of period 1 the principal measures performance 

and observes the firm's market price. She then uses the appropriate performance signals to reward the 

agent. In period 2, the firm sells goods or services. At the end of period 2. the principal measures 

financial performance. She then pays to the agent the fixed salary plus. if contracted. an incentive 

component based on the financial performance. 

The following sections analyze the optimal determinants of long-term incentive contracting 

weights under four different contractual regimes. The first regime (the benchmark analysis) assumes 

that contracts are based on a current financial performance signal, a future financial performance 

60 Expected payoff here is intended to reflect the gross payoff to the principal excluding any payment to the agent. 
61 See Hauser, et al. (1994) for another multi-period model that adds multi-period returns in the agent's utility function. 
62 Note that in chapters 2 and 3, the agent uses the variable o to discount period 2 compensation values and assess expected 

utility at one point in time. In this chapter o is implicitly assumed to be equal to I. The principal also discounts the future. 
but her discount factor is nonnalized to equal I. Thus, this chapter assumes that the agent discounts the future period at the 
same rate as the principal. This assumption significantly simplifies the later mathematical analysis, which focuses on 
determinants of optimal incentive weights other than o. See Hauser, et al. ( 1994) and Chapters 2 and 3 of this thesis for 
insights with respect to the impact of assuming different discount rates for the principal and the agent (i.e. o < I). 
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signal, and the stock price. The second regime assumes a current DFP signal can be added to the 

incentive contract. The third regime incorporates investors· private information about the agent's 

efforts. The fourth regime assumes that the principal finds it too costly to contract on the financial 

performance signals and focuses on the weight placed on a DFP signal, relative to a weight on the 

stock price. 

4.3 Benchmark Analysis: Financial Performance and Stock Price Incentives 

The purpose of this section is to generate a benchmark result that is consistent with prior 

analytical findings. Both Paul ( 1992) and Feltham and Xie ( 1994) show that incentive contracts based 

on both financial performance and stock price will optimally have no weight on the stock price. 

Intuitively, this result is due to noise traders. If it is feasible to contract directly on a publicly released 

financial performance signal. then the principal will find contracting directly on the financial signal 

more efficient than contracting on a stock price signal of performance that responds to both the 

financial signal and the actions of noise traders. 

The analysis proceeds as follows. First. I descnbe the structure of the agent's reward system. 

which contains incentive components based on financial signals and the firm· s stock price. Second. 

by maximising the agent's certainty equivalent, I establish the determinants of the agent's effort 

levels. Third, I solve the principal's optimisation problem and discuss the economic intuition and 

implications for management accounting. The results are consistent with the findings of Paul ( 1992) 

and Feltham and Xie (1994) in that they will show the conditions under which there is no role for 

stock price as a contracting variable. 

From the previous sectio~ assume at the beginning of period I that the principal announces 

the agent's reward systems for both periods. The reward system for period 1 is composed of a fixed 

salary component, a, a component based on a financial signal, 1r1, and a component based on the 
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firm's market price, m. The agent's compensation in period l is:63 

(65) 

The firm's market price, m. is influenced by the release of public information about financial 

performance. Since there is no private investor information gathering, no trade occurs in the 

marketplace. However, the release of public information moves price without altering the incentives 

to trade. That is, price changes but investors are assumed to remain equally happy with their asset 

allocations. 

At the end of period l, two signals are released to the market: a signal of period l profit. and a 

signal of forecasted period 2 profit. The assumed functional form of the forecast signal of period 2 

profit is: 

(66) 

where EF ~ N(O, a"2:: +a/). Given this setting, the rational market price at the end of period I 

can be represented by sum of the period l realized values and the conditional expectation of the 

period 2 payoff given the observed public signals, as follows: 64 

m = ir. - w. + E[( 1r 2 - w2 )IJ't' F] 

_ ~ cov(ir 2,irF)( __ ) ( _ •.. _) 
=1r1 +Jt'2 + (~ ) 1rF -1rF - a. +a2 +f311r1 +f311r1 -r0iii 

varrrF • 
(67) 

where ir 2 is the market conjecture of period 2 profit. 

Rearranging, the expression reduces to: 

(68) 

The market price at the end of period l therefore captures (financial) performance information 

from both periods. An incentive component based on market price is omitted from period 2 for 

convenience and to highlight the effect of choosing between two forward-looking performance signals 

63 This model makes no claim that linear compensation contracts are optimal. Rather. this model studies how a linear 
compensation contract might be optimally structured. 

64 The following expression uses the formulation for the conditional expectation of a payoff, as noted in Grossman and 
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(i.e. the DFP signal and the stock price at the end of period 1). Accordingly. the agent"s 

compensation in period 2 is a fixed salary plus an incentive component based only on the financial 

signal for period 2: 

(69) 

With normally distnbuted uncertainty and negative exponential utility, the agent's problem 

can be expressed as maximising the certainty equivalent of the expected utility (Holmstrom and 

Milgrom, 1987). In this case, the certainty equivalent (CE) is the same as the mean value of the 

compensation less the risk premium. Formally: 

(70) 

where a/ is the variance of the distnbution associated with variable j. j=q,. q1 .. m. and 

cov(.n-;,m), i = I, 2, is the covariance of the distnbutions of the random variables, 1r; and m. 

Substituting equations (62) and (65) through (69) into (70) and differentiating with respect to 

shortsighted and farsighted effort yields the optimal effort choices by the agent: 

(71) 

(72) 

The optimal shortsighted effort level is a linear function of the incentive weights applicable to 

period l, scaled by the ratio of the firm-specific exogenous variable (h 1 - see equation (62)) and 

( l +8). The optimal level of farsighted effort is the product of firm-specific characteristics and the 

incentive weight used to induce farsighted effort. Shortsighted and farsighted effort both are 

increasing functions of exogenous parameters such as firm-specific exogenous variables and the 

periodic contnbution margin of the firm. 65 Intuitively, increases in these exogenous parameters 

Stiglitz ( 1980), Appendix A 
65 It may seem curious that the risk aversion parameter does not directly appear in the expressions for the optimal effort 

levels. However, the optimal effort levels are an indirect function of risk aversion, via the optimal incentive contract 
weights. After substitutions of the optimal contract weights, the optimal effort levels are a decreasing function of the risk 
aversion parameter. Intuitively, the incentive weights impose the risk on the agent. Thus, it is reasonable to expect the 
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increase uncertainty and hence the risk imposed on the agent. The result therefore is consistent with 

the intuition that if a contract imposes higher (lower) risk on the risk-averse agent. then the agent 

responds with greater (lower) effort. 

The intuition for the optimal relationship between the effon levels and the incentive contract 

weights can also be thought of in terms of risk reduction. In the case of shonsighted effon. the 

principal's payoff is based on the period I profit. Since this profit signal is contracted upon directly 

and is perfectly revealed in the stock price. then it seems· intuitive that in optimality both the incentive 

weight on period l profit and the stock price might affect the level of shonsighted eff on chosen by the 

agent. Accordingly, if the stock price is noiseless. then the principal will be indifferent between the 

weights on the period l profit signal and the stock price for rewarding shonsighted effon. However, 

the stock price does contain noise in the form of the profit forecast of period 2 profit. so that the 

period l profit signal acts as a sufficient statistic for both the period I profit performance and the 

stock price. Accordingly. the stock price will be redundant for contracting. 66 

The stock price will not influence the level of farsighted effon chosen by the agent. This is 

because at the end of period l. the period 2 profit measure is noisily impounded in the stock price via 

the period 2 profit forecast. Yet. the period 2 profit signal is available directly for contracting. Thus, 

irrespective of whether the stock price contains other non-output-related noise. the stock price at the 

end of period I will never be more efficient for contracting than the period 2 profit signal directly. 

Accordingly, the agent's optimal level of farsighted effon excludes any weighting on stock price. 

To ensure the agent accepts the incentive contracts, the principal is constrained to meet the 

agent's reservation utility in each period For notational simplicity, the agent's reservation utility is 

assumed to be zero. The individual rationality constraint for periods l and 2 can be expressed as: 

incentive weights to introduce the agent's risk aversion parameter into the agent's effort function. 
66 This intuitive result is confirmed in the optimal incentive weights later in this section, which derives no weight on the 

stock price. 
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(73) 

The principal's problem is to maximise profits subject to the agent's incentive compatibility 

constraint, the agent's individual rationality constraint, and the rational market price. The principal's 

optimization program is: 

Max E[1l' 1 + 1l'2 -w1 - w2 ] 
fJ,./J:.8 

• h1(/3 1 .0) 
a=----

1+8 

b" =~/32 

E[ m] = -
1
-(( l - .B 1 )£[ it" 1] + ( l - .8 2 )E[ 1r 2 ] + 2 a~

2 

2 ( E[ 1l' F] - ir F) - (a, + a 2 )l 
l + 0 CTq2 + CT F 

The solution to the above program yields the optimal weights: 

(74) 

(75) 

(76) 

Zero weighting on the stock price performance measure is consistent with findings of Paul 

(1992) and Feltham and Xie (1994 ). Intuitively, the stock price reflects a noisy measure of the 

financial signals in each period. Accordingly, the financial signals themselves are sufficient statistics 

for both the financial signals and the stock price, to inform the principal about shortsighted and 

farsighted effort. The stock price is therefore redundant for contracting purposes and the principal is 

better off contracting on fmancial signals directly in each period. 67 

67 Recall, however, that this analysis assumes S = I. A zero weight on the stock price does not hold in this model for when S 
< I. Intuitively, if S < I then the stock price becomes a valuable contracting measure because the incentive for farsighted 
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4.4 The Impact of An Incentive Component Based on a DFP Signal 

This section introduces the impact of using a measure of the drivers of future performance 

(DFP) as a contracting variable. Suppose at the end of period I the principal costlessly extracts a 

measure of drivers of future performance that captures with error the impact of the (unobservable) 

period l farsighted effort. The DFP measure is expressed as:68 

-y = 1/fE.- (77) 

with ln(Ev) ~ N(O. a/). The DFP signal. a period I performance measure. is correlated with 

period 2 profits because period 2 profits are a linear function of farsighted effort. Assuming market 

participants know the structure of the firm's compensation. then the market can conjecture the value 

of the DFP signal. However. for convenience it is assumed that the DFP signal is not included in the 

firm's publicly released accounting report. The correlation of a future financial performance and a 

current performance measure that is not part of the firm's publicly released accounting report is 

consistent with empirical evidence reported in Hayes and Schaefer ( 1997). One of their findings is 

that unexplained variation in current executive compensation is correlated with future financial 

performance. The unexplained variation in current executive compensation arises because the 

performance measures used as contracting variables are either not publicly released information or 

else they were not observable to the researchers. 69 

effort is paid at the end of period I. rather than at the end of period 2. When 8 < I. the agent discounts the future (and thus 
believes future payoffs to be more risky than current payoffs) so the earlier timing of the incentive in effect reduces the 
agent's risk. This risk reduction arises because the agent is subjected less to variations in exogenous. risk-imposing 
parameters associated with the operation of the firm in period 2. Accordingly. the agent faces a tradeoff between the 
earlier payment of the stock price incentive and the non-output related noise in the stock price measure. The actual 
analytical results for when 8 < I are too complex to interpret (other than the non-zero weight on the stock price) and thus 
are not reported here. 

68 A normal distribution is required to use the Holm'itrom and Milgrom ( 1987) optimization framework. However, Hemmer 
also shows how reliance on Holmstrom and Milgrom is still possible (even with only non-negative values of non financial 
measures) by assuming that the measurement error is lognormally distributed. i.e. In & - N(0. ~). This assumption 
requires a substitution of the logarithmic function of the DFP measure for the DFP component in the compensation 
function (Hemmer. 1996, Observation I, Appendix 8). 

69 Although the model here assumes that the DFP signal is not released in a public report, the implications of contracting on 
a DFP signal that is observable only to the contracting parties are not considered in this chapter. The model here assumes 
that market participants will conjecture via the compensation contract. but not directly observe, the value of the DFP 
signal. 
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The agent's wage contract now includes an additional component based on this DFP signal. 

so that the period 1 reward for the agent becomes: 

(78) 

Since period 2 is an ending period and does not generate any measures of drivers of future 

performance, an incentive component payable to the agent based on DFP in period 2 is omitted. 

Thus. the period 2 reward for the agent remains: 

(79) 

With the expanded wage contract, maximising the agent's certainty equivalent with respect to 

shortsighted and farsighted effort leads to: 

(80) 

b" = /32~ +8(/32~ +d.v)+r 

1+8 
(81) 

Here the shortsighted effort level does not change with the inclusion of the DFP contracting 

variable. This is because the DFP signal reflects farsighted effort only and there is also no upper 

bound on the overall effort that the agent can exert. The optimal level of farsighted effort. however. 

now includes the incentive weight on the DFP signal and a component reflecting the stock price 

impact of the DFP signal. This is because the incentive weight on the DFP signal and the market's 

reaction to the signal are now further inducements to the agent in his choice of farsighted effort level. 

The principal's maximization problem becomes: 

subject to: 



1+0 

b. = P2h2 +0(f32hi +d.v)+r 

1+0 

[ ] 
[

(1-p 1)£[rr 1]+(l-~2)E(ir2 ]+(d,. -rXE[ln(y)D+ 1 cr~
1 

1 (E[rrF]-irF)l 
Em= crqz+crF 

-(a1 +a2) 

The optimal incentive contract weights are: 
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(82) 

(83) 

(84) 

0* =O (85) 

Several interpretations can be made. First. the weight on the period fmancial signal does 

not change with the introduction of the DFP contracting variable. Second, the stock price continues to 

have no role as a contracting variable. Third, the weight on the DFP signal acts as a substitute for the 

weight on the period 2 financial signal in rewarding farsighted effort. Accordingly. the principal will 

have a choice between two performance signals on which to base rewards for farsighted effort. 

Fourth, the rate of substitution between the two performance signals depends directly on the relative 

noise in the period 2 financial signal and the DFP signal. 70 The noisier the signal. the greater the 

relative weight will be on the substitute performance measure. If either the DFP signal or the period 

2 financial signal is perfectly noiseless (i.e. the variance equals zero). then an optimal weight of zero 

is applicable to the substitute (alternative) performance signal for rewarding farsighted effort. 

The fundamental intuition explaining the weight on the DFP signal but not on the stock price 

70 This is in contrast to the result in chapter 2 of this thesis where the relative rate of substitution was more complex. The 
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is the same as that explaining why the stock price plays no contracting role when contractible 

financial signals are noisily impounded into the price. The optimal contract for rewarding farsighted 

effort can potentially include either an agent's reward based directly on the DFP performance signal 

or an agent's reward based on a noisy measure of the DFP performance signal (i.e. the stock price). 

However, it is more efficient for the principal always to reward directly on the DFP signal rather than 

on a noisy stock price that has impounded the DFP signal. 

Thus, the DFP signal, and a stock price that impounds both a publicly released forecast of 

future financial performance and a market-generated conjecture of the DFP signal. are not substitute 

signals for rewarding farsighted effort. Rather, the DFP signal is a sufficient statistic (for both the 

DFP signal and the stock price) to inform the principal about the agent's farsighted effort. Ultimately. 

the measurement error in the DFP signal, t;. is assumed statistically uncorrelated to the random 

component in the principal's payoffs, e1 + e1. Accordingly, the DFP signal has no impact on the 

contracting value of the stock price, irrespective of whether or not the DFP signal is publicly released 

information. 

The analysis so far has shown no role for the stock price as a contracting variable. The 

following sections extend the analysis to consider two ways in which previous work suggests it is 

possible to induce a contracting role for the stock price. First, following Bushman and Indjejikian 

( 1993a), investors are assumed to gather private information about farsighted effort, through the 

revelation of period 2 financial performance in the stock price, at the end of period 1. The period 2 

financial performance is, however, assumed initially to remain available as a contracting variable at 

the termination date of the firm. Second, as also indicated in previous work ( e.g. Bushman and 

Indjejikian, 1993a), publicly released financial signals are assumed to be too costly to contract upon 

directly at the termination date of the firm. 

difference is because chapter 2 assumes 6 < I, whereas the model in this chapter assumes 6 = I. 
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4.5 Private Investor Acquisition of Future Financial Performance Information 

The purpose of this section is to provide insight about the role of a DFP signal in the presence of a 

stock price signal that impounds privately gathered information. 71 Private investor information 

gathering is modelled as follows. At the end of period 1 the firm releases information about the period 

l financial performance and a forecast of period 2 financial performance. as earlier shown. However. 

now each investor j is able independently to gather the following information signal about the firm's 

period 2 prpfits: 

- - -1r Gj = 1r:? + EG; (86) 

with idiosyncratic errors EG; - N(O, aG/). The firm's market price is determined by the 

exchange of the firm's shares. The rational market price at the time of the agent's period I 

compensation reflects the intensity with which all available signals are impounded into the market 

price. The market price is also affected by non-output-related events, z that have a random component 

E-: - N(O. a/ ). These non-output-related events are modelled as the supply of a risky asset and reflect 

the actions of noise traders who exchange shares, for example, for liquidity purposes. 

With no private information and no trading of shares, the price was determined by the 

conditional expectation of the final payoff (i.e. see sections 4.3 and 4.4 ). However. in the private 

information setting, price is determined through investors trading shares based on their information 

acquisition activities. The market price in this setting with trade can be expressed in two steps. First, 

a general representation of the price is presented. Second, the rational market price equilibrium is 

characterized by solving for the optimal price coefficients. At the end of period 1, the general 

representation of the rational market price, determined in a noisy rational expectations equilibrium, is: 

(87) 

where dfa j = 1, F. G, z, reflects the intensity with which profit signals and non-output-related 

71 Examples of the type of infonnation gathered by private investors include analysts forecasts of future profits, news 
releases from the firm, mutual fund manager repons and qualitative information about the firm observed by market 
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events impact the market price. The stochastic component of the public forecast of period 2 financial 

performance, rrF, has a variance of crq/ + cr/. The private signals are idiosyncratic with variance cr,(/ 

+ crG
1

, so that the public information is not sufficient for the private information. It follows from the 

law of large numbers and the assumption that each of £<;;' s are independent that in aggregate the 

period 2 financial performance will be perfectly revealed via the firm's stock price. as per expression 

(87). 

In this setting, the competitive rational markets equilibrium price will be characterized by the 

following coefficients: 

ic I , 
do=/ , , 2 C1'q: , / ' z-(a. +a2 +yln(_v)+P2ir2) 

1 a-;,2+1/ui:+l/aa+dc;, d;a= 

d 1 =l-/3 1 

d = 1/a} 
F l/u~2 + 1/u}+ 1/a~+d~/d;a: 

(88) 

dy =0 

dz 1 
-=--
dG R (1'~ 

where R is the private investors' risk aversion parameter. 

Proof: See Appendix 4. 

Intuitively, the price coefficient on the period l profit will be I less the share of profit paid to 

the agent, because the actual realization of the period l profit (net of wages). or payoff to the 

principal, is known and released to the market. The price coefficient on the DFP signal will in 

equilibrium be zero. This is because the DFP measurement error term is, by assumption. statistically 

uncorrelated to the stochastic components of the period l and period 2 payoffs to the principal. 

Intuitively, this means that while the DFP signal is incrementally informative about farsighted effort, 

it is not incrementally informative about the random components in the period l and period 2 profits. 

Thus, the DFP signal is only useful for contracting on farsighted effort directly and not via a noisy 

participants. 
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representation of the DFP signal in the stock price. 

Notwithstanding the characterization of the optimal values of di, j= l. F. G. y. = presented 

above. the following analysis preserves each price parameter as a variable d, Further. where 

applicable later. the analysis will show the substitution of the characterization of the price parameters 

into the optimal incentive contracting weights. This approach in effect treats the price parameters as 

exogenous, as a preliminary step to understanding the impact of endogeneity of the market price on 

the model parameters. In addition. it provides insight as to the optimal model parameters where there 

exists deviation from the rational markets equilibrium. 

Maximising the agent's certainty equivalent yields no change to the optimal shonsighted 

effon levels. Equation (80) expresses the optimal shonsighted effon. Farsighted effon levels, 

however. are now affected by the impact of the investors' signal on the stock price. Accordingly, 

b" = /3 2~ +0(~(/3 2 +dG)+d,.)+r 

l +0 
(89) 

Intuitively, the principal can use three different incentive weights to induce farsighted effon: 

the weight on financial performance in period 2, on DFP at the end of period l, and on the stock price 

at the end of period l. The imponance of each of those weights in inducing farsighted effon depends 

on the relative firm-specific characteristics (h2 ) and the intensity of each of the different sources of 

information impounded in the stock price. 72 

The principal's maximization problem becomes: 

n Given the characterization of the rational expectations equilibrium, the expression for the optimal farsighted effort can be 
rewritten to eliminate price parameters. However, mathematically this substitution is not necessary at this point since none 
of the price parameterS arc functions of the optimized variables. In this case, since no significant insights are added by 
substituting the optimal values of d into farsighted effort, the substitution is omitted. 
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1+0 

b" = f31lz: +0(1z:(f31 +da)+d,)+r 
1 +0 
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E[m] = d0 +d1E[,r 1]+dFE[,r F ]+ daE[,r1]+ d,.E[ln(y)] + d=E[z]- E[ w 1]- E[ wJ 
Simultaneous solution of the set of first order conditions from the above program leads to the 

following optimal incentive weights: 

* 0 =0 

(90) 

(91) 

(92) 

(93) 

The results reveal that there still exists no role for the stock price in contracting. The results 

are the same as those for the no private information, no trading sening presented in section 4.4. 

Intuitively, although the stock price in aggregate now fully reveals the value of the period 2 financial 

performance signal, the stock price remains a noisy measure of performance, relative to contracting on 

the financial performance signals directly. Thus, both the financial performance signals are sufficient 

statistics for the respective financial performance signals paired with the stock price with respect to 

informing the principal about shortsighted and farsighted effort. 

The analysis in this section relies heavily on the assumption that private investors gather 

information about a future financial performance measure that is directly contractible in a future 
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period. Intuitively, a contracting role for the stock price in the presence of private information could 

have been induced in three ways. First. suppose the private information was informative about 

farsighted effort in a manner other than via the financial performance measure in period 2. 

Subsequently, if the stochastic component of the signal revealed by the private investors was 

statistically correlated with the stochastic component of the principal's payoffs. then the stock price 

would become valuable for contracting. 

Second. if the principal had incentive to know the value of the period 2 financial performance 

signal at the end of period I, then this would likely create a contracting role for the stock price. For 

example, assume that the notion of a discount factor, representing differences in the way the principal 

and the agent value the future {as in chapter 2), was introduced. Differences in the way the principal 

and the agent value money in the future may mean it is more efficient to use a relatively noisy stock 

price now, rather than wait until a financial signal is realized in thefature. 

Third, a contracting role for stock price could be induced if the period 2 financial performance 

is non-contractible. Here, the stock price provides a noisy measure of period 2 financial performance 

that is not observable elsewhere. Moreover, the DFP signal does not act as a sufficient statistic for the 

pair of performance measures {DFP signal and stock price) with respect to providing information 

about farsighted effort. 

The next section focuses on the third of these approaches. It examines the interactions 

between optimal long-term incentive weights on the stock price and on the DFP signal. when financial 

performance signals are non-contractible. This non-contractability is incorporated by exogenously 

imposing zero weights on financial performance measures in the model, which corresponds to 

financial signals that are too costly upon which to contract. 
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4.6 Costly Contracting on Financial Performance Signals 

Feltham and Xie (1994), amongst others. suggest that one of the reasons why firms use stock 

price as a long-term contracting variable (despite a lack of theoretical support) is that financial 

performance signals might be too costly upon which to contract. It may be that the stock price is a 

readily available. efficient alternative that impounds both financial information and other market­

based information. The purpose of this section is to formally investigate this costly contracting 

scenario in the context of the availability of a DFP signal. More specifically, this section explores 

what impact the omission of financial performance contracting variables has on the optimal weighting 

mix between the stock price and a DFP signal. 

The analysis is presented in two sub-sections. To operationalize costly contracting on 

financial signals, in both subsections wage contracts in both periods exogenously exclude any 

incentive component based on fmancial performance. 73 Then. in the first sub-section. I assume there is 

no private investor information about future financial performance (i.e. as in sections 4.3 and 4.4 

above). In the second sub-section. I introduce private investor information acquisition on future 

financial performance (as in section 4.5 above). 

Both the period l and period 2 wage contracts applicable to all of the analysis in this section 

do not include an incentive component based on financial signals. Accordingly, the reward system for 

period l is composed of a fixed salary component, a, a component based on the DFP measure, y, and 

a component based on the firm's market price, m: 

(94) 

Since period 2 is an ending period and does not generate any measures of drivers of future 

performance, an incentive component payable to the agent based on DFP in period 2 is omitted. For 

convenience and to focus the analysis on a comparison of the forward-looking properties of the DFP 

signal and the stock price, an incentive component based on market price is also omitted from period. 
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Thus. the agent's compensation in period 2 is a fixed salary: 

(95) 

The agent's certainty equivalent (CE) is the mean value of the compensation less the risk 

premium. Formally: 

(96) 

4. 6.1 Cost(v Contracting on Financial Performance - No Investor Information Acquisition 

Suppose private investors do not acquire information about period 2 financial performance. 

Subsequently. the rational market price of the firm at the end of period l is the sum of the period l 

realized values plus the conditional expectation of the period 2 payoff given the observed public 

signals. as follows: 7°' 

m = i I - i~\ + E[ ( 1r:? - Wz )lir F] 

_ ~ cov(ir ~. ir F) (- [ ]) ( _ _ = 1r 1 + 1r 2 + (:.. . 1r F - E 1r F - a 1 + a : + r ln(y) + 8'n) 
var ,r F) 

(97) 

where ii- 2 is the market conjecture of period 2 profit. 

The above expression can be rewritten as: 

(98) 

Substituting the appropriate expressions into equation (96) and maximising the expression 

with respect to a and b yields: 

b" =-r-
1+0 

(99) 

(100) 

The results reveal that incentive compensation coefficients induce the optimal effort levels in 

different ways. Firstly, only the weight on the share price (0), scaled by the ratio of firm-specific 

73 That is, /3, and /Ji are assumed to equal zero. 
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parameters and ( I +9), induces shonsighted effon. Secondly, farsighted effort is induced by the 

weight on the measure of DFP (y). scaled by ( 1 +8). Intuitively, the compensation weight on the DFP 

signal has no effect on shonsighted eff on because only the period l financial signal ( impounded in 

stock price) captures information about shortsighted effort. Assuming the firm has a positive 

contnbution margin. both shortsighted and farsighted effort will optimally be positive. This implies 

that if the principal imposes risk on the agent through a variable incentive contract. then the agent will 

respond by choosing to exert positive effort levels. 

The principal's optimization program is: 

Mi
9
ax E[1r 1 + 1r 2 - w1 - w:zl 
,T 

subject to: 

E[w1]+ E[w,]=(az )+(bz )+!:.(y~ a;.- 2y10a~- +01 a~] 
- 2 2 2 1+0 

E[W!] = 0 

• h10 
a=--

l + 0 

b. =-r-
1+0 

E[m]=-
1-(i, +E[irJ+ 1a~

1 
2 (E[1rF]-1rF)-(a 1 +a1 +yE[ln(_v)])j 

l+0 aq2+aF 

The solution to the above program produces the following optimal incentive weights on the 

DFP signal and on the stock price, respectively 

(101) 

h?(a~2 + a}) 
0*=----------

r((a~2)
2 

+a~1(a~2 +a})) 
(102) 

The optimal weight on the stock price includes variables from both periods, indicating that the 

74 The following expression uses the formulation for the conditional expectation of a payoff, as noted in Grossman and 
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stock price, in this case, is of use in contracting on both short-term and long-term performance. Thus. 

despite the absence of private information, the stock price is still useful for contracting. Intuitively. 

this because the financial performance signals, which are incrementally informative about both types 

of effort, are not directly contractible but are noisily impounded in the stock price. 

The weight on the DFP measure also includes period I and period 2 parameters. which could 

imply that the DFP measure rewards both shortsighted and farsighted effort. This seems 

counterintuitive since the DFP does not capture incremental information about shortsighted effort. 

However, this result can be explained as follows. Given that the stock price impounds information 

about both shortsighted and farsighted effort, then any adjustment to the weight on the stock price will 

also affect the weight on the DFP measure. Thus, the weight on the DFP measure is sensitive to 

changes in period I parameters (i.e. through changes in the weight on the stock price). despite the 

DFP signal not capturing any information about shortsighted effort. 

It is also evident from expressions (101) and (102) that the absolute weights will always be 

positive. Further insight about the impact of changes in determinants of these weights can be gained 

by exploring the comparative statics of the weights. The following table presents the comparative 

statics on each of the absolute contracting weights and a third column that shows the comparative 

statics on the relative weight between the DFP signal and stock price. The comparative statics on the 

relative weight provide additional insight on the interactions between a DFP signal and stock price as 

a basis for rewarding long-term performance. 

j 17'/* I iJj t38* I oj i)(y*/0*) I 8j 
, 

<O <O >O aa,-, 
<O <O >O r:Ia2• , 
>O >O <O <:IF-, 
<O 0 <O av· 

h, >O >O <O 
h2 >O 0 >O 
r <O <O <O 

Stiglitz ( 1980), Appendix A. 
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Many of the results confum standard intuition. For example. the absolute weights on the DFP 

signal and the stock price are both decreasing in risk aversion. which suggests that as the agent 

becomes less risk averse, the principal can make the agent's contract more risky. i.e. by increasing the 

variable component of the contract. A more subtle. related insight is how changes in risk aversion 

affect the weight on the DFP signal relative to the stock price. The result from row 8 in the above 

table is negative, which suggests that as r tends to zero, the increase in weight on the DFP signal 

relative to the stock price is larger. This implies that with reductions in the agent's risk aversion. the 

DFP signal is a relatively more efficient form of providing incentives than the stock price. 

The results also show that changes in variance of the random components of period 1 and 2 

payoffs have the same directional impact on the absolute weights. Intuitively, increased variance 

increases risk, which would lead to reductions in the incentive component of the contract. From the 

derivative of the relative weight with respect to aq/ and aq/. the relative impact on the DFP weight is 

smaller. This seems intuitive since the DFP signal does not directly capture information about the 

random components in the period 1 and period 2 payoffs. Rather. the impact of these variance 

changes on the DFP weight is an indirect consequence of the optimally required change to the stock 

price when these variances change. 

A seemingly counterintuitive result is the derivative of the absolute contracting weights with 

respect to the noise term in the period 2 forecast. The result suggests that as the profit forecast 

becomes noisier, then the weight on the stock price should be increased. However, the intuition for 

this result is as follows. As the profit forecast becomes increasingly noisy, the market will 

increasingly ignore the signal, which makes the existing stock price incrementally informative about 

period 1 payoffs. Since these payoffs are not directly contractible, the stock price paradoxically 

becomes increasingly useful for contracting because it provides a "cleaner" measure of period l 

payoffs. 

As standard intuition suggests, increases in the noise in the profit forecast makes the 

··substitute" DFP signal more useful for contracting. Interestingly, the model predicts an optimal 
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decrease in the weight on the DFP relative to the stock price weight when the profit forecast noise 

increases. This suggests the changes in the noise of the profit forecast has a greater impact on the 

stock price than it does on the substitute performance measure for rewarding long-term performance. 

i.e. the DFP signal. 

Changes in the noise of the DFP signal as might be expected lead to inverse changes on the 

absolute weight on the DFP signal. Interestingly, the weight on the stock price is independent of 

changes in the noise of the DFP signal. This implies that the stock price and the DFP signal are nor 

direct substitutes for rewarding long-term performance. To illustrate. suppose the noise in the DFP 

signal tended to zero. The absolute contracting weight on the DFP signal optimally increases. but 

there is no change to the weight on the stock price. Thus. while the stock price may be incrementally 

informative about farsighted effort. changes in the precision of a substitute signal about farsighted 

effort (i.e. the DFP signal) has no effect on the stock price weight. 

Finally, increases in the value of firm specific characteristics will increase both absolute 

contracting weights, except the weight on the stock price in respect of the period 2 firm-specific 

characteristics. The results other than the exception result can be explained in the same way as 

changes in the agent's risk aversion. Increases in the value of the firm specific characteristics make 

the incentive component of the contract relatively less risky. so that the principal can impose greater 

risk by increasing each of the absolute weights. With increases in the period l firm-specific 

characteristics, the weight on the stock price increases more relative to the weight on the DFP signal. 

This is intuitive since the DFP signal does not directly capture the period l firm-specific 

characteristics. 

The exception to this logic is the derivative of the weight on the stock price with respect to 

period 2 firm-specific characteristics. Here the weight on the stock price is independent of firm­

specific characteristics in period 2. This confirms that the stock price is not the primary source for 

rewarding farsighted effort in the presence of a DFP signal. 

In summary, three key results were established in this subsection. First, a contracting role for 
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the stock price arises under conditions other than the case where private information is impounded in 

the price at the end of period 1. If a profit forecast of period 2 performance is impounded in price and 

the financial performance signals are not directly contractible. then the stock price will have a 

relatively small role in rewarding long-term performance. independent of private investor information 

gathering. 

Second. the stock price and the DFP signal are not direct substitutes for rewarding long-term 

performance. This is in contrast to the setting where future financial performance was contractible. 

There the period 2 financial signal and the DFP signal were direct alternates in rewarding long-term 

performance (see chapter 2). 

Third. there exist conditions in this two-performance-measure model where optimal changes 

to the absolute weights on the performance measures in response to changes in weight determinants 

are in the opposite direction to the optimal changes in the weight on the DFP signal relative to the 

stock price. Similar to other contexts. this fmding suggest that empirical researchers need to develop 

with caution the signs that they expect to see on DFP-related coefficients in any empirical testing. 

depending on whether absolute or relative proxies of DFP signals are measured 

The next sub-section explores the impact of private information about period 2 performance 

being impounded in the stock price. Intuitively, this creates a further role for the stock price in long­

term incentive contracting since the period 2 payoff is perfectly revealed. in aggregate. in the stock 

price. 

4. 6.2 Costly Contracting on Financial Signals - Private Investor Information Acquisition 

The acquisition of private investor information can be introduced into the costly contracting 

on financial signals model in the same way as in section 4.5. Accordingly, the market price is 

specified as: 

m =do +d,i, +d Fi F +dG'i2 +d y ln(y) + d=z - i~\ - Wi (103) 

where dfa j = I, F. G, y, z, reflects the intensity with which financiaVDFP signals and non-

output-related events are impounded into the market price. The characterization of the price 
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parameters in a competitive rational markets equilibrium will be the almost the same as that in 

expression (88) above. The only difference is that the incentive weights on the financial signals are 

omitted from the characterization since the fmancial signals are not contractible. Accordingly. in the 

non-contractible fmancial signal setting. the competitive rational markets equilibrium price will be 

characterized by the following coefficients: 

~ I , 

do= Tr2;a-;,2 , -(a1 +a, +yln(y)) 
1/ a;2 + 1/ a}+ 1/ ab + d ~ / d; a; -

d 1 = I 
d - l/a} 

F - I , I , I , d' I , 2 
1 a-;,1+ 1 aF++l ac;+ c; d;a= 

( 104) 

dy =0 

dz I 
= 

dG Rab 

where R is the private investors' risk aversion parameter. 

Proof: See Appendix 4. 

As in section 4.5. for clarity the di, coefficients,j = 0, 1, F. G. y. =· will be preserved in the 

analysis until a final substitution is made into the optim.al incentive weights. Maximizing the agent's 

certainty equivalent with respect to shortsighted and farsighted effort leads to the following: 

. 0h1d 1 a=--
1 + 0 

b" = y +0(d,. +'½dG) 

1+0 

(105) 

(106) 

Both types of effort levels will always be positive. The structure of each relationship is 

similar to that for the case where the financial performance signals were contractible (see section 4.4). 

The above weights, however, omit any link to the fmancial performance signals because here they are 

not contractible. Shortsighted effort is induced only because the emphasis placed on the stock price 

scaled by the product of fll1Il specific characteristics and the intensity with which the period l profit 

signal is impounded in price (here d1 = 1), divided by (1+0). Farsighted effort is induced by two 
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incentive components: the weight on the stock price and the weight on the DFP signal. This suggests 

that long-term performance is a function of two different incentive components in the agent· s period 1 

contract. 

Simultaneously solving the first order conditions for the principal's problem provides the 

optimal incentive weights on the DFP signal and the stock price. While closed form solutions are 

obtainable. both expressions are highly complex and difficult to interpret separately. To simplify the 

analysis. the ratio of the optimal weight on the DFP signal. relative to the weight on the stock price 

can be expressed as: 

• y 

0 
(107) 

The relative weight can be rewritten by substituting the optimal price parameters from the 

rational competitive markets equilibrium into the above expression. The relative weight becomes: 

where: 

M = R2 (h12 
+ ra:1 + rd; an+ d= ab(rd; aba:2 - Rhn 

R is the risk a version parameter for the private investors. 

(108) 

Including the endogenous parameters of the market price in the optimal incentive weights 

eliminates most of the pricing coefficients from the relative weight. However. the relative weight 

expression becomes considerably more complicated. An important insight is that the private 

information signal impounded in price makes the weight on the stock price increasingly substitutable 

with the weight on the DFP signal for contracting purposes. This is most conveniently illustrated by 

the case of where <5/ tends to zero. Recall that without private information. there was no change to 

the absolute contracting weight on the stock price even if the measurement error in the DFP signal 
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tended to zero. However. with private information impounded in the stock price. er,:= 0 means the 

weight on the absolute stock price contracting weight {not directly reported here) changes to reflect 

the stock price no longer rewarding long-term performance. 

To gain further insight into the relative weight expression that respectively incorporates 

endogenous and exogenous price parameters. it is useful to examine the optimal adjustments to the 

incentive weights in response to variations in the determinants of the relative weight. 75 These results 

are presented in the table below. 

i}(yt'/8*) I q ~loj 

j endogenous exogenous 
market price market price 

, 
>O >O O"a/ • , 
>O >O O"a:z" 

er/ <O >O . 
ambiguous ambiguous er,: 

h, ambiwous ambiiruous 
hz ambiwous ambiiruous 
r ambie:uous ambiiruous 
d: ambiwous >O . 

>O >O CT:· . 
ambiguous 0 CTo;· 

R ambimious 0 

In the case of the endogenous market price. the first three rows of results are the same as that 

as when there is no private information gathering but the financial performance signals are not 

contractible (i.e. as in Section 4.6. l ). This implies that increases in the noise associated with price­

impounded financial performance signals, i"espective of whether the realized values of financial 

performance are contractible, will lead to a greater increase on the weight of a DFP signal relative to 

the weight on the stock price. 

Similarly, increases in the noise associated with a forecast of future financial performance, 

irrespective of whether the realized values of the financial performance are contractible, will lead to a 

75 As discussed earlier, comparative statics can also provide the basis for generating empirical predictions. 
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lower increase in the weight on a DFP signal relative to increase in the weight on the stock price. 

This result may seem paradoxical. However, as earlier discussed it is due to market participants 

ignoring the profit forecast more as it becomes noisier. This makes the stock price more revealing of 

other impounded signals. As the stock price becomes more revealing relative to other contractible 

variables. then the more valuable it becomes for contracting. 

The results also show the impact of using market price endogeneity. From row 3 of the table. 

the derivative of the relative weight with respect to noise in the period 2 profit forecast is positive (i.e. 

greater weight on the DFP as forecast noise increases) when exogenous market price is applied 

However. the same derivative is negative (i.e. greater weight on the stock price as forecast noise 

increases), when endogenous rather than exogenous market price is applied. This sign reversal 

emphasizes the importance of researchers using an endogenous market price in theoretical analysis of 

optimal incentive contracting weights. where the stock price is used for contracting. 

4. 7 Conclusion 

This purpose of this chapter was to develop theoretical insight on why firms emphasize the 

contracting variables that they do in setting long-term monetary incentives. Three types of long-term 

contracting variable were examined: future financial performance. DFP and the stock price. 

Consistent with existing theory, the analysis shows that under the conditions of no private investor 

information gathering and costless direct contracting on financial signals, there is no role for stock 

price as a long-term contracting variable. Under such conditions, the introduction of a DFP signal 

into the analysis does not change the role of the stock price for contracting purposes. Assuming 

contractible financial signals, the analysis in this chapter also showed that private investor information 

gathering does not in itself create a role for the stock price. 

The stock price does, however, become useful for contracting if the financial signals are 

prohibitively costly for contracting on long-term performance. The chapter shows that there will be 

varying trade-offs between the contractible variables used to provide long-term monetary rewards, as 
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well as changes to the short-term incentive structure (since the stock price information impounds 

information about short-term performance). By assuming private investor information acquisition 

and non-contractible financial signals, substitutability emerges between incentive weights based on 

stock price and weights based on the DFP signal. This is because the stock price bas become 

incrementally informative about future profits and in turn farsighted effort. 

The results have several practical implications about the concurrent use of DFP signals and 

the stock price for long-term contracting. In particular, when the stock price is uninformative or too 

noisy for contracting. then the DFP signal can allow firms to offer more: 

• cost-effective monetary incentives. For example, if the stock price is too noisy, it follows that it 

would be cost-prohibitive for contracting. If financial performance signals are similarly cost­

prohibitive for contracting, then an emphasis on the DFP signal may yield relative savings for the 

firm.76 

• balanced (becween short-term and long-term) monetary incentives. If financial performance 

signals are excessively focused on the short-term then contracting on a DFP signal may induce 

managers to think more about long-term implications of their actions. 

• timely monetary incentives. The more executives progress up the corporate ladder the less useful 

will be financial performance signals for rewarding long-term performance, since such executives 

will have moved on after the consequences of their actions generate profits for gainsbaring 

purposes. The DFP signal, however, allows the firm to reward in the current period executive's 

actions that ultimately improve long-term profitability. 

76 An example of where financial performance measures might be too costly for contracting is where earnings management 
reduces the value of the measures for contracting and it is too costly for the principal to unravel the effect of earnings 
management. 
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Chapter 5 

Conclusion and Directions for Future Research 

5.1 Introduction 

The purpose of this chapter is threefold. First. the chapter summarizes the key findings and 

intuition from the three essays in this thesis. including implications for incentive contract design. 

Second, it highlights the contributions that this thesis makes to the existing management accounting 

literature. Third. this chapter concludes with directions for future research. 

5.2 Summary of Chapter Findings 

This section summarizes results in chapters 2, 3, and 4 of the thesis. 

Chapter 2 of this thesis focuses on the basic demand in incentive contracts for measures of the 

drivers of future performance (DFP). DFP are factors, such as quality or customer satisfaction. 

thought to be related with, or cause, future financial performance. Measures of DFP are quantitative 

expressions of these factors. The DFP measures are often nonfinancial (i.e. comprising non-monetary 

metrics) in nature, but do not necessarily preclude forward-looking financial performance measures. 

For comparative purposes, traditional measures of financial performance and measures of DFP are 

both modelled as performance measures on which incentives are based. 

To improve the interpretability of the model, the chapter exploits well-established 

assumptions used in formal modelling. These include: a subordinate worker receives linear 

compensation (fixed wage plus a variable incentive component based on performance measures); the 

subordinate is risk averse; and the outcome of any uncertainty is normally distnbuted. It is further 
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assumed that the subordinate is paid at the end of each of two different periods. The subordinate also 

exerts two types of effort. The first type is shortsighted effort. which can be defined as any action that 

increases the sales of the firm's product in the current period. such as attracting new customers. The 

second type is farsighted effort, which can be defined as any current actions that increase sales of the 

firm's product in the nexr period. such as any action that increases long-term customer or employee 

loyalty. A critical assumption throughout this thesis is that a measure of DFP can provide information 

to a firm's owner about an employee's farsighted effort. 

Chapter 2 identifies the conditions under which a superior will offer a subordinate an 

incentive contract that is based. at least in pan. on a measure of DFP. It then identifies what impact 

that changes in those conditions will have on the emphasis on a measure of DFP in an incentive 

contract. The results predict that increases (decreases) in contribution margin. an employee's discount 

factor. the precision n of the measure of DFP. or the uncertainty of future sales estimates will lead to 

increases (decreases) in the weight on the DFP measure. 

When a traditional financial performance measure is also included as part of the incentive 

contract, then changes in the type of financial performance measure used will also lead to changes in 

the emphasis on the measure of DFP in the contract. For example, consider an incentive contract 

based in pan on a financial performance measure and in part on a measure of DFP. If the firm 

chooses to change the financial performance measure from accounting earnings to residual income. 

then there will be changes in the optimal emphasis placed on the measure of DFP. Finally, when the 

measure of DFP can capture information about both shortsighted and farsighted effort, then the 

measure of DFP can be used as a substitute performance measure in contracting for financial 

performance measures that reflect both shortsighted effort (now) and farsighted effort (in the future). 

Overall. the results in chapter 2 suggest two important properties of measures of DFP that 

contnbute to the theory explaining why we observe measures of DFP being increasingly used in 

77 Precision can be infonnally thought ofas the lack of noise in a performance measure. Precision is more formally defined 
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performance evaluation. First. the inclusion of a DFP measure in incentive contracts can mitigate the 

potential for a subordinate to focus excessively on the short-term and then leave the firm. at the 

expense of the long-term survival of the firm. This is because a measure of DFP rewards the 

subordinate now for farsighted effort that affects long-term profitability. Second. under certain 

conditions. emphasis on a DFP measure can be substituted for emphasis on other performance 

measures in incentive contracts 

Chapter 3 of this thesis focuses on how variations in measurement attributes of a DFP 

measure can lead to variations in overall payoffs. This chapter specifically examines two attributes. 

First. the chapter studies the impact of precision. which is formally defined as the inverse of the 

variance of the probability distnbution associated with the DFP measure. Informally. precision might 

be thought of as the lack of noise in performance signal. Second. the chapter studies the impact of 

predictability. defmed as the ability of the current DFP measure to predict future financial 

performance. 

The basic model developed in chapter 2 is used as the basis for the analysis. However. the 

model was extended to include a model of both predictability and the costs of changing the precision 

and predictability measurement attnbutes. To simplify the analysis, the model was also modified. in 

parts. to relax the assumption that there exist differences in risk preferences between the superior and 

subordinate. 

A key result of the basic model in chapter 3 is that costless increases (decreases) in either 

precision or predictability will lead to increases (decreases) in payoffs for a firm's owner. Chapter 3 

shows that this result holds even in the more complex scenario of a multi-impact effort type that can 

have positive payoff consequences in one or more periods and negative payoff consequences in other 

periods. The relaxation of the assumption of costless variation in measurement attributes led to three 

further sets of findings in Chapter 3. 

throughout the thesis as the inverse of the variance of the probability distribution associated with the signal of interest. 
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First, when costly variations in precision are introduced. the model predicts that increases 

(decreases) in precision do not always lead to increases (decreases) in payoffs for the owner. Rather. 

the owner will seek to improve precision only where marginal benefits of precision improvements 

exceed marginal costs. An optimal level of precision can be derived at the point where the marginal 

benefits equal the marginal costs. Increases (decreases) in contribution margin lead to increases 

(decreases) in the optimal level of precision. 

Second, chapter 3 also presents the impact of changes in the other determinants of the owner's 

payoffs. Increases (decreases) in the precision of traditional financial performance measures, the 

discount factor that a subordinate uses to value future compensation, and non-price exogenous factors 

(such as the firm's reputation), and decreases (increases) in a subordinate's risk aversion all lead to 

increases (decreases) in the owner's payoffs. Increases (decreases) in contnbution margin affect the 

owner's payoffs both favourably (unfavourably) through increases (decreases) in the contnbution 

margin and unfavourably (favourably) through increases (decreases) in the risk premium payable to 

the subordinate. The net impact depends on the extent of the subordinate's risk aversion. Finally, 

consistent with the first set of results in chapter 3, the impact of changes in the cost of the precision of 

a DFP signal will depend on the relationship betWeen the marginal costs and the marginal benefits of 

the changes in the cost of precision. 

The third set of results in chapter 3 relates to the consequences of changes in a measure of 

DFP's predictability. A critical assumption of this analysis is that performance measures with 

relatively low (high) levels of predictability are assumed to have relatively high (low) incremental 

payoffs. For example, in a hotel environment, customer satisfaction measures may convey low levels 

of predictability about future financial performance, relative to reservation rates. However 

introducing customer satisfaction measures in incentive contracts may also generate high incremental 

payoffs to the hotel owners, relative to introducing reservation rates in the incentive contract. This is 

because emphasis on customer satisfaction measures could induce substantial long-term changes to 

the hotel's operations and ultimately greater long-term profitability, relative to an emphasis on 



111 

reservation rates, which may induce shon-term solutions. 

Assuming no performance measure can perfectly predict future perfonnance. the results show 

that increases (decreases) in predictability do not always lead to increases (decreases) in overall 

payoffs to the owner of the firm. Rather, the owner will choose to contract on a DFP signal with 

relatively higher predictability only when the marginal benefits generated from decisions based on the 

DFP signal exceed the marginal costs associated with imperfections in the DFP signal's predictability. 

Thus, this result may provide theoretical insight for why we observe firms in practice not always 

contracting on DFP performance signals that are likely to have relatively high levels of predictability. 

Chapter 4 returns the analysis to an investigation of optimal incentive weights when 

contracting on a set of performance measures that includes a signal of DFP. Two fundamental 

differences exist between chapter 2 and chapter 4. First, chapter 4 introduces the capital market to the 

analysis, so that a firm's owner can contract with employees on the stock price in addition to the 

internally generated measures of performance. Second, with the availability of the stock price as a 

contracting variable, the analysis in chapter 4 focuses more closely on the determinants of long-term 

monetary incentives. 

Consistent with existing theory, chapter 4 establishes that without private investor 

information gathering and with costless contracting on financial performance signals. there is no role 

for stock price as a long-term contracting variable. This is because the stock price does not provide 

any incremental information about the subordinate's effon over and above that provided by the 

internally generated performance measures, which are contractible. Thus, the owners find it more 

efficient to contract directly on the internally generated performance measures. 

The chapter finds that the lack of a contracting role for the stock price does not change even 

with the introduction of a DFP signal as a long-term contracting variable. Further, if the owner's 

payoffs are directly contractible, private investor information gathering does not in itself make the 

stock price useful for contracting, since the information ultimately revealed in the stock price by the 

private information is directly contractible in a future time period. Direct extensions of this work 
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could examine two related issues. First. the analysis could examine the case where the measuremenc 

error in the DFP signal is correlated to the random component in the owner payoffs. Second. the 

analysis could introduce differences in the time preferences for money. Both extensions would be 

likely to create a contracting role for the stock price independent of the subsequent analysis in the 

chapter. 

Consistent with existing theory, chapter 4 also establishes that the stock price does become 

valuable for long-term contracting if the financial performance signals are too costly upon which to 

contract. This is because the stock price now provides incremental information about the effort levels 

of the subordinate. The chapter then explores bow the emphasis changes on a DFP signal in an 

incentive contract. once the stock price becomes valuable for long-term contracting. Two streams of 

analysis are presented. 

The first stream of analysis examines the case of non-contractible owner payoffs and no 

private investor information gathering. Three key results emerge from the analysis. First. the stock 

price has a relatively small role in rewarding long-term performance. Second. the stock price and the 

DFP signal are not direct substitutes in rewarding long-term performance. Third. the directional 

impact of changes in weight determinants often will vary depending on whether relative or absolute 

weights are examined. 

The second stream of analysis explores the case of non-contractible owner payoffs with 

private investor information gathering. Private information in this model bas two fundamental effects. 

First, the stock price and the DFP signal become direct substitutes in providing monetary rewards for 

long-term performance, in the same way that contractible future financial signals and the DFP signal 

were substitutes in chapter 2. Second, the process of endogenizing the gathering of private 

information can in itself reverse the sign of the impact of changes in certain determinants of the 

contracting weight on the DFP signal relative to the weight on the stock price. 
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Assuming the stock price is partly valuable for long-term monetary contracting. 78 three 

practical implications emerge from the results in chapter 4. First. the use of a DFP signal can be a 

cost-effective strategy for the firm. Second. the use of a DFP signal can lead to a better balance 

betWeen short-term and long-term monetary incentives. Third. the use of a DFP signal can provide 

more timely monetary incentives, particularly for executives that are appointed to positions within the 

firm for relatively short periods. 

Overall, the results in this thesis identify conditions that can generate significant economic 

benefit if a firm introduces a signal of DFP as a contracting variable to replace or supplement 

traditional financial performance measures or the stock price as contracting variables. Intuitively. a 

fundamental problem with traditional financial performance measures such as accounting earnings is 

that they may be too focused on the short-term. This can lead to employees taking short-term actions 

that may undermine the long-term profitability of the firm. Further, a fundamental problem with 

incentives based on stock price is that they may be long-term focused but are also subject to 

uncontrollable market wide factors. Thus. employee efforts are less observable through the stock 

price performance signal and this reduction in control can adversely affect long-term profitability. 

Signals of DFP can be focused on the long-term and are not subject to market wide factors. Thus, the 

use of DFP can overcome deficiencies in alternative contracting variables. In particular, measures of 

DFP in theory can emerge as an important basis for rewarding employees for efforts that are focused 

on the long-term survival of the firm. 

5.3 Contributions of This Thesis 

This thesis makes four key contributions to the management accounting literature. First, it 

provides a theoretical framework for understanding the demand for, and consequences of, variations 

in the use of measures of drivers of future performance in incentive contracts. The literature has 

711 The chapter suggests that the stock price becomes panly valuable for long-term monetary contracting when private 
investors impound incremental information in the stock price, or, financial signals are too costly upon which to contract. 
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explored the value of additional performance measures and comparisons between firm-generated 

accounting and market-based performance measures. However. no work has examined specifically 

the value of a measure of DFP or generated explanations for the emphasis on a DFP measure relative 

to other firm-generated and market-based performance measures. The analysis in this thesis 

separately focuses on the ·emphasis on a DFP measure relative to other firm-generated performance 

measures (chapter 2), and the emphasis on a DFP measure relative to market-based performance 

measures ( chapter 4 ). 

Second. it presents a theoretical framework for understanding how variations in different 

measurement attributes of contracting variables can affect payoffs to an owner (chapter 3). This 

establishes the management accounting variable of interest (performance measurement) as the 

independent variable. which is in contrast to much of the previous work that examines the choice or 

emphasis of the management accounting variable as the dependent variable. Of the prior work that 

studies the consequences of performance measurement choices, no previous work has specifically 

examined the impact on payoffs of variations in the precision and predictability of a DFP measure. 

Third. the theoretical framework in this thesis presents a foundation for developing empirical 

predictions about the emphasis on DFP measures in practice. In particular, the comparative statics 

can lead to predictions about the types of firms that have a different type of emphasis on a DFP 

measure relative to other firms in the same industry. For example, consider the modelling result 

where increases in the noise of a DFP signal lead to increases in the emphasis on stock price in 

incentive contracts. This result might alternatively be specified as a prediction that firms with high 

levels of noise in a DFP signal (compared to other firms in the same industry) will rely more heavily 

on the stock price than on a DFP signal for rewarding farsighted effort from an employee. Despite the 

increasing anecdotal and survey evidence of the use of DFP-like measures in practice, very little work 

has presented rigorous evidence of the use of DFP-like measures for contracting. Further, no 

previous empirical work has been specifically based on formal agency hypotheses to generate 

predictions about the emphasis on measures of DFP in the same industry. 
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Fourth. this thesis extends existing performance measurement theory in specific areas. as 

follows. This thesis: 

• examines the economic consequences of using alternative definitions of financial measures of 

current performance in incentive contracts; 

• provides specific insight into the observed practice of firms using DFP-like measures to capture 

both shortsighted and farsighted effort; 

• introduces the theoretical concepts, ··multi-dimensional signalling capability" and ... multi-impact 

effort types"; 

• presents theoretical support for the use of an optimal measure of DFP that is measured with error; 

• establishes theoretical determinants of a firm's optimal level of precision of a measure ofDFP; 

• derives conditions under which a DFP signal and the stock price can be substitutes in the short­

term for monetarily rewarding the long-term performance of the firm. 

5.4 Directions for Future Research 

The purpose of this section is to outline four possible directions for future research. First, 

future research can exploit the formal theoretical framework in this thesis to derive empirical 

predictions about the why firms in different industries choose the emphasis that they do on measures 

of DFP. This would serve two complementary purposes to the modelling in this thesis. The first 

purpose of the empirical testing would be to provide a form of validation for the underpinning 

assumptions used in this thesis. The second purpose of the empirical testing would be to provide 

evidence to resolve ambiguous predictions generated by the comparative statics. 

This empirical testing research direction is not easily implemented. Given the internal and 

often proprietary nature of the data, it is difficult for researchers to compile large cross-sectional 

archival databases. Previous work has used proprietary compensation databases often supplemented 

by survey methods, and searches on sophisticated information databases such as Lexis/Nexis. An 

alternative approach has been to focus empirical work on a single large firm and use employees in 
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multiple divisions as statistical sampling points. 79 Despite these approaches. relatively little empirical 

research has been conducted in this area. particularly based on formal agency hypotheses. 

In the future. however. we may expect to see an increase in the range of available data 

sources. Current trends suggest increasing emphasis on reporting nonfinancial measures in published 

company reports. greater capture of associated news releases in increasingly sophisticated public 

databases. and the emerging availability of benchmark data from consulting firms. Accordingly. more 

avenues for empirical data collection could further encourage cross-sectional empirical research in 

this area. In addition. as firms' experience with DFP measures mature. time-series data may become a 

useful source of data for researchers. Notwithstanding. the proprietary nature of DFP data may 

continue to hinder progress in empirical testing. 

A second direction for future research is to extend the work in chapter 3 on how underlying 

attnbutes of the performance measure can affect payoffs. This thesis examines just two attributes: 

precision and predictability. This stream of research would benefit from exploratory fieldwork that 

addresses the question what properties or attributes of critical performance indicators used by firms in 

practice make them so critical. Such properties or attributes might then be modelled to establish 

predictions about the types of contexts that variations in the attributes would be economically feasible. 

This research direction could also extend the relatively sparse literature on why performance measures 

used for contracting purposes are inherently composed or built the way that they are. 

A third direction for future research builds on two theoretical concepts introduced in this 

thesis. Multi-dimensional signalling capability refers to performance measures that can measure an 

element of different types of effort in the same period. A multi-impact effort type refers to an effort 

type that can have both favourable and adverse impact on the production function. in different 

periods. Both concepts are treated at a basic level in this thesis. Further modelling of these concepts 

in different contexts may reveal rich insights about why different performance measures are chosen 

79 However, this panicular approach is appropriate only when the individual is the unit of analysis. Using the firm or the 
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for contracting in different contexts. 

Finally, a fourth direction for future research is to model and compare contracting on specific 

types of measures of DFP. The measure of DFP used in this thesis is generic and assumes a simple 

linear relationship between the value of the measure and an employee's farsighted effort. Different 

types of measures of DFP could have different functional relationships with farsighted effort. In 

particular, some evidence suggests that the functional relationship between profitability and customer 

satisfaction may be non-linear and that firms may have incentive to identify an optimal level of 

customer satisfaction. Previous work on specific measures of DFP types has also focused almost 

exclusively on customer-based incentives and has ignored opportunities to explore other DFP 

measurement types. For example, emphasis on employee-based DFP may influence organizational 

learning, which could affect the way in which different effort types affect the production function. 

Research studying the impact of contracting on specific types of DFP may also generate the 

need for theory explaining how the interaction of the different DFP types affects payoffs. Previous 

research examines different measures of DFP (usually customer satisfaction) in isolation. It may be 

that different measures of DFP generate conflicting messages of performance. For example, emphasis 

on customer satisfaction measures may have favourable effects on profitability but may also lead to 

employee morale problems. Here, the impact of employee morale problems would need to be 

incorporated in any modelling to present a more complete picture of the impact of a DFP 

measurement system. 

divisions as the units of analysis raises generalizability or external validity problems. 
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Labels used to simplify notation in the proofs 
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Labels used to simplify notation in the proofs 

Agent's utility function 
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Labels used to simplify exposition of optimal level of DFP precision 

Labels used to simplify exposition of inherent DFP predictability variations 
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The product of contribution margin and non-price exogenous (output) 
factors 

Label used to denote the ratio of two of the '"intensity" coefficients 

Label used to denote a forecast of period 2 profit 

Label used to denote private investor related information 

Labels used to clarify presentation of mathematical analysis 

Firm's stock price 

Normalized stock price signal 

Price of goods to be sold in period U=l.2 

Quantity of goods to be sold in period i.i=l.2 

Agent's risk aversion coefficient 

Label used to simplify notation in the proofs 
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Proof of Optimal Incentive Weights 

The agency program is as follows: 

Max E[ir1 +Jr:? - WI - w2] 
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(Note: setting the right-hand side of IR equal to a constant will only shift w, and w1 and not change the 
optimal values, because constant absolute risk aversion is assumed.) 

The incentive compatibility constraint 

First, one needs to show that maximizing the expected utility is the same as maximizing the certainty 
. l so • equ1va ent. 1.e.: 

max£ l-e 
[ 
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This proof requires an assumption of independence of the disturbance terms of the three random 
variables, and the application of the following: 

1. Definition of a Normal Curve: 
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✓21ro-2 
2. Evaluation of an integral of the following form: 

J.: )-Sa:+ Ta Jda 

ApplyingGradshteyn and Ryzhik's (1965: 307, 3.323.2) formula (hereafter GR): 
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2
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80 Since all the perfonnance measures are nonnally distnbuted. the following fonnal "equivalence" proof can be bypassed by 
using the definition of a moment generating function of a nonnal random variable. This result holds even if the nonnally 
distributed variables are correlated. The fonnal analysis here aims to present a more pedagogical approach to the proof. 
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Now. evaluate expected utility by taking the triple integral of the utility function: 

If{-e +,.,_, •: ';) JF(q1)F(x)F(q2 )dq1 dxdq, 

Then. evaluate integral in square brackets. by applying GR: 

(li11-rtJdP1-•, la% r 
4(tzad F(x )F( q1 )d.r:dq1 

-
I 
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Under GR' s formulation, let S = V
2 

, and let T = (x - rya;) ( 
/2a; /a; 

Then. evaluate integral in square brackets by applying GR: 

which simplifies to: 
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Under GR' s formulation. let S = 1 and let T = - - - - <1: :: 

CT 1/: CT q: 

Then, evaluate integral in square brackets. by applying GR: 
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which simplifies to: 

Note that the term inside the square brackets in the above expression is the agent's certainty 
equivalent, because this model assumes the agent's utility function is of a negative exponential form. 
Further, maximising this expression leads to first order conditions that are exactly the same as the first 
order conditions from maximising the certainty equivalent expression directly. 
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The individual rationality constraint 
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This applies to both periods. In period l. the individual rationality applies to the expected value of the 
agent's compensation for both periods. At the start of period 2, the individual rationality constraint 
applies to the expected compensation for period 2. Accordingly, the individual rationality constraint 
for period 1 is: 

{-e-,(·, • ..,-·;-":JJ ~o 

If reservation utility = 0, then: 
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Next. in period 2 the agent exerts no effon so the principal need only reward the agent for incremental 
risk premium. This reward is necessary to prevent the agent leaving at the end of period 1 . The 
individual rationality constraint for period 2 is: 

E[ e -,( w21 ] = 1 

⇒ -r( E[w2]-; (P;(p2 -v2)2a;2))=0 
⇒ E[w2] =; (f3~(p2 -V2 )

2 
CT ;2) 

Now, the principal's problem becomes: 
Max E[ir, + .1f2 -WI -w2] 
fJ,,fJ2°Y 

subject to: 

E[w1] + 8E[wi] = ~
2 

+ ~
2 
+; (f3:(p1 - v/ a;1 + Y

1 
er;+ 81 /3;(p2 - v2)

1 cr;J 
E[w2]=; (!3;(P1 -v2/ CT:2) 

a= /31(Pt -v1)g, 

b=y+8/32 (p1 -v2)g1 

Substitute constraints into objective function: 
⇒ E[ir, +ir 2 -w1 -w21 
= E[ir1] + E[ir2]- E[ w1] - 8£[ wi]- ( 1 - 8 )E[ w2] 

(
, ) ( ( . ) . ) (/31(p,-v,)gi)" 

=(P1-v1)g~/31(P1-v1)-P1 -f,+(p;-v;)g; y+c5/3;(P;-v: g;)-P: -f:-
2 

(r+8/3;(P;-vi)gJ r( 2 • 2 2 2 2 2 2 ( )2 : ) r( 1 ); 2 ) 

2 
- 2 /31 (p1 - vi) uq 1 + r u.- + 8 Pi P: - vi uq2 - (l - 8)2,/32 (p2 - vi Uq; 

First Order Conditions: 
an ( )2 , • • )2 , l • 2 , ) -:----. = P1 - V1 gj - /31 (P, - V1 gj - r\/31 (p, - V1) CTql = 0 

0 /3, 

1 + r er; 



• Now solving for r as a function of exogenous parameters: 

l+ra-; 

which simplifies to: 

• (P2 -v2)g2cr~2(l-8+O2) 
r = 

o2gf a;+ cr;2(l-8 + 0 2 x1 + ra;) 

Proof of Observation 3: 

Differentiate ( 19) with respect to o, and the numerator, which determines the sign, is: 
=-Lo 2 -M+ Mo-M8 1 +2Lo 3 +2Mo-2Mo 1 +2Mo 3 -2L8+ M-2M8+2L8 1 -Mo 

+ 2M8 2 -2Lo 3 + M8 1 
- 2M8 3 

=-2L8 + L81 

= Lo( 8 - 2 ), < 0 

Proof of Observation 4(i): 

which simplifies to 

ay. (-1>((P2 - V2 )g~ 0'~282(1-8 + 0 2) + r(p2 - V2 )g2 (cr~2)2(1- o + 8 2 )2) 
--= 
aa; 

~ 

(8 2 g; a;+ CT~2(l-8 + 82 x1 + ra;)r 
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The model assumes all parameters are positive and that 0 ~ o < l. Therefore, the above term must be 
negative because of the presence of a -1 multiplier in the numerator. 



Proof of Observation 4(h): 

or. 0-(pi -Vi )g2 a;i(l -0 + 0
2 

Xa;a;2Xl -8 + 0
2

) 

--= or (0
2
g; a!+ a;i(l-o + 8

2 
X1 + ra-!))2 

which simplifies to 

or• (-O((Pi -vi)g2 a!(a;1)\1-0+0
2

)

2

) 

--=--------------or 
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The model assumes all parameters are positive and that O ::;; 8 < 1. Therefore. the above term must be 
negative because of the presence of a negative sign in the numerator. 

Proof of Observation 5: 

or. ( 8 2 

g; a;+ a;2 ( l - 8 + 0
2 X l + r a!) XP2 - Vi )gi ( l - 8 + 0

2 

)-(p: - V: )gi a:. ( l - 8 + 8 2 

)( l + r <T~-)( l - c5 + 8 2
) 

--=---------------------------------------
oa;i (c5 2gia;+a;i{l-c5+8 2 X1+ra~)/ 

which simplifies to 
~ 

cy (P2 -v2)g1 a~8 2(l-8 +8 2f 
oa~2 = (8 2g;a;+a~2(l-8+8 2 Xl+ra~)/ 

The model assumes all parameters are positive and that O ::;; 8 < 1. Therefore. the above term must be 
positive because both the numerator and denominator will generate positive values. 

Proof of Observation 6: 

or• (P2 -v2)a~2((1-8 +8 2 )2 a~2(l + ra;)-8
2
(1-8 +8

2 )gi a~) 
--= ~ 

ag2 (8 2 gi a-;.+ 0'~2(1-8 + 8 2 )(1 + ra;)r 

The model assumes all parameters are positive and that O ::;; 8 < 1. The denominator will clearly 
generate a positive value. However. the numerator can generate either positive or negative values. 
depending on the magnitudes of the elements of the numerator. Each element in the numerator is a 
determinant of the relative risk premium payable to the agent. when choosing to adjust either r- or 
/32*. Therefore. the sign of the above term (and hence the direction of the change to the optimal DFP 
weight when g2 changes) will clearly depend on the magnitudes of the determinants of the relative risk 
premium payable when choosing to adjust either r- or /32 *. 

Proof of Observation 7: 

Need to show: 

1. A positive weight on the DFP measure will obtain. irrespective of the financial performance 
measure used 

2. Different financial performance measures can lead to different optimal incentive weights on the 
DFP measure. 



128 

Part I: 

1. See above proof of optimal incentive weights to see that a positive DFP measure obtains 
using profit as the financial performance measure. 

u. Using revenue as the financial performance measure is equivalent to substituting p; for (p;- vJ 
in the proof of the optimal incentive weights. Identical results obtain except whenever (p; - vJ 
appears in the original results. replace with p;_ Therefore. the optimal DFP weight using 
revenue as a financial performance measure yields: 

.R p 2g2 cr~2(l-8 +8 2
) 

r =-------------
8 2

gJ a~+a~2(l-o +8 2 X1+ran 

Under the assumptions of the model. the value of this variable must be positive. 

m. Using quantity sold as the financial performance measure is equivalent to deleting {p; - vJ 
from the proof of the optimal incentive weights. Identical results obtain except delete the 
expression (p;- vJ in the original results. Therefore. the optimal DFP weight using quantity 
sold as a financial performance measure yields: 

g 2 er~ 2 ( 1 - 8 + 8 2 
) 

Under the assumptions of the model. the value of this variable must be positive. 

iv. Using residual income as the financial performance measure is equivalent to using profit as 
the financial performance measure. The cost of assets charge deducted from profit in the 
residual income measure becomes irrelevant in the first order conditions of the profit 
optimisation problem. The original proof for the optimal incentive weights (earlier) shows 
the DFP weight will ge a positive value. 

Part 2: 

i. See proof of optimal incentive weights to see the derivation of the .. benchmark" DFP weight 
that is used to assess the potential equivalence of the DFP weights using the other financial 
performance measures. The benchmark DFP weight is as follows: 

u. The DFP benchmark weight in i) is equivalent to the DFP weight in ii) if and only if the 
variable costs of the fum are equal to zero. This is impossible. given that the principal hires 
an agent and offers a variable component to the agent's compensation. Thus, the incentive 
contract weight on the DFP is clearly affected by the type of financial performance measure 
used. 

m. The DFP benchmark weight in i) is equivalent to the DFP weight in iii), if and only if the 
contrtbution margin of the fum equals I. The only restriction on contnbution margin is that it 
must be greater than zero. or else the principal will not produce output in the short run. Thus, 
if the value of the contnbution margin equals I, the optimal incentive contract weight on the 
DFP will be equivalent using either profit or quantity as the financial performance measure. 

iv. Since the DFP benchmark weight is the same DFP weight as in iv), the two weights are 
equivalent, despite the difference in financial performance measures. 
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Proof of Observation 8: 

The agency program is the same as that for the optimal incentive weights. except substitute equation 
(20) for equation (3). The resulting optimal effort levels are those reported in equations (21) and (22). 
The resulting optimal incentive weights are those reported in equations (23), (24) and (25). Each 
optimal incentive weight function includes the precision of each of the three performance measures. 
implying a trade-off between all three performance measures. 
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Appendix 3: Alternative Derivations of Optimal Incentive Weights in Chapter 2 

The optimal incentive weights from the basic model in chapter 2 can be derived fyom the formulations 
of two related papers in the accounting literature: Feltham and Xie ( 1994) and Banker and Datar 
( 1989). The contnbution of the work in chapter 2 relative to these papers is that this work includes a 
particular parametric structure that aims to capture the specifically observed phenomena of short-term 
performance incentive being used to reward long-term performance. This generates additional insight 
on how various parameters can affect incentive weights. By contrast. Feltham and Xie ( 1994} and 
Banker and Datar ( 1989} operate at a more general level. The relative contnbution of this work is 
analogous to the relative contribution of section IV of Feltham and Xie ( 1994} where specific 
applications of the model are generated to ·• ... provide funher insight into the two different roles of 
additional performance measures." (Feltham and Xie., 1994: 440. emphasis added}. 

As a useful compariso~ the mathematical relationship between much of the settings in the basic 
model in Chapter 2 and both Feltham and Xie ( 1994) and Banker and Datar ( 1989} is presented in this 
appendix. To facilitate the comparisons. assume 8 = l in chapter 2. since O < 8 < l as presented in 
chapter 2 implies a two period model and Feltham and Xie (1994) and Banker and Datar (1989} are 
both single period models. 

Derivation of Absolute Incentive Weights Using Feltham and Xie (1994) 

In Feltham and Xie (1994). effort is characterized as a multidimensional vector. a. with a 
corresponding marginal payoff vector. b. The agent's compensation is based on a vector of 
performance measures. y = µa + e, where µ represents a matrix of performance measure 
.. sensitivities" and E is a normally distributed vector with means o. and a variance-covariance matrix. 
l:. The agent's compensation is assumed linear and of the form. w =constant+ v y. 

Now I apply the assumptions and most of the settings established in chapter 2 in terms of Feltham and 
Xie's notation. First. the agent's effort is: 

The marginal payoff from the agent's effort is: 

b = [b· ] = [g· (p. - Vi ) l 
b2 K2(P2 - Y2) 

The set of performance measures is: 

The matrix of performance measure ••sensitivities .. is: 
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The variance-covariance matrix associated with the performance measures is: 

L=[~:: ~~ ~::]=[(p,-~)'.-;, :; ~ l 
L31 L32 L33 0 0 (P2 - V2 / cr~2 

Note that non-zero values appear only in the diagonals, which reflects the independence of each of the 
error terms associated with the three different performance measures. 

Feltham and Xie ( 1994) show that optimal incentive weights can be derived as follows: 

v=(::]=(µµ' +r>:r'µb 

Substituting the assumed parameters from chapter 2 (expressed in terms of Feltham and Xie (1994) 
notation, as per above), into the above formulation for v leads to: 

[

/3 1] [(Pi -v./(g:+ra~,) 
v*= y = 0 

/32 0 

0 

(l+ra;.) 

g2(P2 - Vz) 

Matrix multiplication of v* leads to the same expressions for the optimal incentive weights as in 
equations ( 16), ( 17), and ( 18), assuming o = l. 

Derivation of Relative Incentive Weights Using Banker and Datar (1989) 

The key finding from Banker and Datar ( 1989) is that relative incentive weights can be expressed, 
under certain conditions, as the ratio of the sensitivity (with respect to effort) times the precision of 
the respective performance measures. Given that the conditions generated in this model satisfy the 
requirements for application of Banker and Datar ( 1989), the ratio of y I {32 in chapter 2 can be 
characterized (assuming o = l) as follows: 

L = ( ( sensitivity X precision) of ln(y) ) 
/J 2 ( sensitivity X precision) of re 2 

= 
aE[ ln(y)] /var[ ln(y)] 

alfl 



132 

=-----
(P2 - V2 )a-~2 

Assuming 8 = l, this expression is the same as that generated from dividing equation ( 18) by equation 
(17), i.e. y"' I /Ji*-
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Appendix 4: Proof of Rational Market Price Equilibrium 

Contractible Financial Signal Setting (Section 4.5) 

The structure of the following proof is similar to that found in Kim and Suh ( 1993 : 29-32). In a 
rational expectations equilibrium. market participants conjecture the relationship between the market 
price and information held by the participants. The conjecture is self-fulfilling. Assume the 
conjecture is given by: 

m=do +d1ir1 +dFirF +dGi! +d_vln(y)+d=z-wl -W! (109) 

A normalized price signal can be defined as: 

~ 1 (~ d ~ - (-) - - ) n=d_m- o-d11t1-dF1tF-d,.Iny +w1-W1 
G (110) 

where D = d= I dG. The signal n represents the pure addition of knowledge due to observing price, 
beyond what is available from other pieces of information. For convenience, the normalized price 
signal is used in the calculation of the optimal incentive contract weights. The next step is to define, at 
the end of period l, the conditional expectation of the fmal payoff. This will be the sum of the 
realized period l payoff plus the weighted average of the different sources of information used by the 
market to infer the period 2 payoff. Accordingly: 

n=ir1 -w1 +E[(i1 -w1)lirF,irGj•n] 

(111) 

where: 

(112) 

Q is calculated using the standard derivation for the variance of conditional on observed signals (cf. 
Grossman and Stiglitz, 1980, Appendix A). Given three observed signals, it is necessary to compute 
the determinant of a 4 X 4 matrix, divided by the determinant of a 3 X 3 matrix to derive the value of 
Q specified in expression (112). 
The private investors are assumed to exhibit constant absolute risk aversion and their expected utility 
is given by: 

(113) 

where R is the investors' risk tolerance. Using the moment-generating function of a normal random 
variable, the investors' expected utility conditional on the observed information signals is: 

E[ I- - ~] [ (-<~ - -) zj )~ - ~] / 7r F, 1r Gi , n = E - exp tr t + 7r 2 - m R 7r F, 1r Gi , n 

( ( )2] _ _ _ _ _ _ zj 1 zj 

=-exp -(1r1 +(E[1r2l1rF,1rGi•n ]-m))R+ 2Q R 
(114) 
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The first order condition that maximizes utility. with respect to the demand for shares. Z, is: 

Aggregating over j and applying a zero excess demand condition leads to: 

_ _ 1 ( ir, 'ii F 'ii, n ) ( _ _ (-)) (. • A ) = m= 1r 1 +- --:;-+-, +-:;-+-,-, - a 1 + ,8 1rr1 .en+ r In y - a 2 + {3 21r 2 - - (116) 
Q cr;;2 er;: ere; D- er; • • RQ 

Since the initial conjecture by the market participants must be self-fulfilling. ( 109) and (116) are 
equivalent in equilibrium. Thus: 

I I 
---0D+-
QDcr; RQ 

I I 
--,+ ',-0 
Qcrc; QD- cr; 

( 117) 

d. I 
⇒--=--

dG Rab 

It follows that: 

ic2/cr;2 ( (-) • A ) 

do= I, ' ' , ', 2- a1+a2+rlny +/32lr2 
I a-;,2 + I/ aF + I/ ac; + de) d;a = 

d1=l-.B1 

d = l/a} 
F I/ a~2 + I/a}+ 1/a~ + df)d;a~ 

(l 18) 

d =0 _v 

= 
dG Rab 

Non-contractible Financial Signal Setting (Section 4.6.2) 

Eliminate the weights on the financial signals and follow the same steps as above in this appendix. 
This will yield a competitive rational expectations equilibrium characterized by the price coefficients 
in expression ( l 04 ). 
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